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Summa IT. 

In part 1 {~), afte~ a brief historical outline o~ 
methods of ionospheric investigation and their development, 
the construction in this laborato~ of manually operated 
equipment fo~ sounding the ionosphere is described, 
Photographic records of good defini~ion were taken a~ 
regular intervals over a period of four months during the 
sumner of 1945-6.. These were fully sealed for critical 
frequencies, true heights and thicknesse·s of all the layers 
present, and mean monthly values of th·ese quantities for 
each hour are tabulated. An extensive correlation with 
magnetic data from Hermanus indicated good correlation 
between magne tic activity and disturbed ionospheric conditi­
ons• On these grounds some disturbed days were rejected, 
and others were eliminated on ionospheric grounds. Smoothed 
mean values are tabulated and graphs drawn. These are 
presented in concise form on "electron densit~ maps", which 
are graphs showing lines of constant electron density 
plotted as :functions ot time and height. 

. . 

In part 1 (b), a new theory of laye!'-:formation is 
developed, in which the tem,erature is assumed to vary 
linearly with height. The equations are oompared at 
each step. with those obtained by Ohapman in his theory 
o:r laye.r-:rormation in an isothermal atmosphere. The 
equations for the maximum of electron. density and its 
height are also given. The eff'ect of the parameters on 
the shape of the layer is shown in graphical :ror.m. 

The equations are somewhat complex in form 9 but an 
ingenious graphical method has been devised sui table f'or 

the/ 
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the application of the theory to results given in the t'orm 
of those in section 1 (a). From this application values 
are obtained for the temperature gradient, the temperature 
ati~ 200 km. and 1ts variation over the middle part ot' the 
day. The results obtained are in accordance with previous 
estimates, and offer numerical confirmation of the theory 
that the atmosphere expands bodily upwards during the 
middle part of a sumner da,w • 

• 



Part 1· ( al-" 

Expertmental Methods 

and 

the ReducM.on and Presentation 

of Observations. 



Experimental Methods~ 

Introduction, 

It. is a well-known. 1'aet that wireless signals can be 

detec.teci on p.arts of the globe 1-emote f'rom those of their 
origin, although being electro-me.gnetic waves they should 
be propagated along straight l.ines in tbe atmosphere. 

Calculations made in the first 15 years of this century 

(1:~),(1. :2}:,(1:3) showed that diffraction cannot account 

adequately for the strength of the received sigmls. . The 

alternative theory of the existence of a conducting layer 
in the upper atmosphere, suggested independently by Kennelly 

and Heaviside in 1902, was proved to "be true by the 
eJEperi.rrents of Appleton and Barnett. (1:4) and Breit and 

1'uve ( 1 :5). 

Appleton and Harnett varied linearly the frequency ot' 

a. transrni t1te~ by a small amount-; intert'erence fr1ngetl were 
produced at a receiVing station some distance away and could 

only be attributed to interference between a "ground ray" 

coming direct from the transmitter-· and a " sky wave" ref'lected . . 
from the conducting layer· (fig. 1.. i). By counting the 

fringes they were able to calculate the apparent path 

difference and hence the virtual height of' the layer-. 

More direct evidence came from the experiments o-r Breit 

and Tuve (1 t5), who modulated a eommerci~l transmitter with 

a series of pulses of 500 microseconds duration. An 

oscillograph coupled to the receiver showed that there were 

two received pulses, again one direct by the ground wave, 

the other received a little later by the sky path. By 

measurill81' 
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measuring the t~e interval between the t wo received pulses 
the virtual height could be calculated. 

A third method was d~vised by Appleton and Rat_olitte in 

192? (1:6) using a direotional . reoeiving antenna system to 
measure the angle of incidence, 1 (fig. 1.1) of the 
downcoming Sky wave. 

The method of Breit and Tuve has proved to be preferable 
to the others in further investigation and has been improved 
and deveJoped: with modern radio technique the receiver may 
be brought into the same room as the transmitter and the 

/ frequency of the signals may be varied over a useful ra11ge. 
Completely automatic apparatus has been devised by Berkner, 
Wells and Seaton (1:7) and others and at a number ot stations 
including Huancayo (Peru),, Watheroo (Western Australia) and 
College (Alaska) the Carnegie Institute maintains such 
apparatus in continuous operation for recording conditions 
in the upper atmosphere. 

Work over the last 20 years has· shown that there is 
more t han one reflecting layer: 

(i) A layer at a height just above 100 km.,called the 
Kennelly-Heaviside or E layer; 

(11) A layer at a height of approximately 300 km., called 
the Appleton _or F' 2 laye.r.·; 

(iii) A layer at a height ot approximately 200 km., called 
the F 

1 
layel!; this layer d1:rt'ers from the other two 

in being present only during tm daytime in summer; 

(iv) Occasional intense reflections from a height of 
about 100 km. are found - these cannot be attributed 
to the normal E layer and have received the name ot 

ttaporadic/ 
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'1 sporadic E". 
The whole region from 70 to 400 knl. is now ealled the 
ionosphere.(t'ig. 1.2). 

The diurnal and aeasonu variations of the first . 
three layers indicate the sun as their chief agent in 

their production and it is generally agreed that the 
layers consist of ionised molecules and free electrons, 
produced by radiation from ·the sun. A theory of formatioJ 
o:f th ese layers has been worked out by Chapman ( 1: g.) and 

others; this will be ao~sidered in more detail in 
yarts 1 (b ) and 2·. 

The theory of propagation and reflection of e.m. 
waves in an ionised layer has been worked out by 
Appleton (1:9) and has been extended into the magneto-
ionic theory. The theory shows that reflection of sn 
e.m. wave will take place provided the electron density 
is sufficiently high. A wave o:f higher frequency 

requires a higher electron density for reflection; 1f 

the electron density is insuffieient, no ref'leetion occurs 
and the wave passes right through the layer (fig. 1.3). 
In the developed Breit and Tuve ~ thod of investigation 

the transmitter f'requenay is continuously increased and 

the value at which penetration of tre layer oeeurs, called 

the critical f'requ ency I' or t hat layer, is no ted. 

The presence of free ions and electrons has the 

ef:feet of reducing the mfractive inde.x of the medium• and 
hence the group velocity, i.,e.. the velocity with which 
the energy is propagated. In calculating the apparent 
height of' the 1 ayer from time delay measurements, it is 
assumed tha. t the energy is everywhere propagated with the 

velocity of light: thus the apparent height is always 
greater/ 
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greater than the true height by an amount depending on 
the density of ionisation at all points along the path. 

Another result of the theory is that, owing to its 
being propagated in the earth's magnetic field the wave 
is split into two components elliptically polarised with 
opposite rotation. Each of the polarised components 
has its own critical frequency; for the ordinary wave 
this critical frequency, f 0

, is related to the maximum 
electron density, N, by tile formula: 

N • 

where m and e are the electronic 
Substituting the numerical value 

:/ - 17 and e m - 5.27 x 10 e. s.u., and 

this becomes: 

• • • • • • (1.1) 

mass and charge in e.s.u. 
for e = 4.80 x lo-10e.s.u. 
express ing ~0 in Me/ sec. , 

• • • • • (1.2) 

The critical frequency, fX, for the extraordinary 
wave is found to differ t'rom ~0 by an aoount whieh depends 
on. the strength and direct! on of 1he magnetic field, and, 

since at a given place ·theso are practically constant, 
the sepa r a tion between the t \•o critical frequencies is 
also constant. 

During the past 15 yea1•s conside.l"able discussion has 

taken place on the advisability of applying Lorentz's 
theory of eleo·trons to the magneto-ionic theory ( 1: 10), 
( 1 : 11 ) , ( i : 12 ) , ( 1 : 13) , ( 1' : 1'4) • If' th is is do ne , the 
gener9.l results o"f Appleton's theoey are not altered, but· . 
the numJrical values obtained are changed by as much as 
So% in some cases. In the pre sent work, the Lorentz term 
has not been included, in view of the uncertainty still 

prevailing. 
Investigation/ 
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Investigation o:f ionospheric conditions at the 

relatively few }llaces w~ere sueh v1ork is earr.-ied on has 

shown not only that the critical. fre quencies and virtual 
heights o:f the layers vary with time of day, season, eto., 

but al so that the way in: which this variation takes p~ace 

differs in dit':ferent parts o:f the globe. It has been 
repeatedly advocated by well known physicists engaged in 

this k ind of work that "ionospheric readings should be 

taken in a 1 a rge number o:f locations on the surface of 
the earth, in order to get as complete a picture as 
possible" { 1.: 1l5). 

In South Africa very littile ionospheric work has been 
done. Halliday has reported some work on the acc.urato 
measurements o:f virtual heights (1:16); in 1940, three 

groups or workers took observations over a short period . 

centering over the solar eclipse of 1st October: A.J. Higgs 

(1.:17), G.D. Walker (1:t8) and J.A. Pierce, whose work has 
not yet been published. The writers accompanied the last 
exped ition and gained some valuable experience in ionospher4 

research .. 

Duriru.; the war no lnd:i.ontion wa s g1von of' the opening 

o:r auy sta'ti. an o~ tJ-l ia sort, ::md in 1943 the writers 
a pproa ched Prof. R.W. V~rder with the object o:f building 

a s mall research station wi th which some data at least 
might ·oe obtained. Permission and financial assistance 

were re!ldily given a nd work was. started at once. As no 

research on modern telecommunication had been carried out 
here b efore, it was necessary as a preliminary step to 
build a considerable amount of' test equipment; this, 
aeeompanied b y the dit'ficulty of' obtaining supplies of 

radio components, etc., under 

accelerate the proceedings. 

wartime . conditions, did not· 

However, by the end of 1944 
all/ 
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all. the equipment, wi th the exception of tre photographic 

recorder, was in working order; 1t was severely tested 

over a short period, inoludil'lg another solar eclipse, whici 

occurred over Grahamstown in January 1945 (1:19). With 
the addition of a photographic recorder and a few 

modifications, this appe.ratus was used in the m rk 

reported here. It is gratifying to note that si nee the 

middle of 1946 ,. the Oouncil for- Scientific Dl:Uilil!U and 

Industrial Resea:rch has begun taking a series of regular­

records of' ionospheric condi tiona over Johann.e sburg, under 
the direction of Mr. F.J. Hewitt. 

~gn o~ Transmitt-ing ~d Receiving Apparatus. 

As previously stated t~e method consists of sending 
out short pulses of suitable length, varying the frequency 
of the tranomitter and receiving both grownd wave and 
reflected echo on a SiJecial receiver, its output being 
coupled to a recording device. There are various methode 

of doing this, of which the most satisf'actor~ is probably 
the completely automatic multifrequency apparatus 11sed by 

the Carnegie Institute (1:7). As equipment of' this kind 
would have cost more than £1500, it was decided to build 

the less ambitious apparatus shown in the form of & block 
diagram in fig. 1.4. 

The various sections of t te ~pparatus will now be 

considered. 

Transmit tier-. 

The power output of the t.Pansmitter over the whole 
ra~e of frequencies should be sufficient to secure a 

reflection even under the most adverse conditions: a 
power output of iOO watts or more is found to be 

satisfactory/ 
• 
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satisfactory. It must aloo be modulated so that it is 
comple tely of'f the air except during pulses; otherwise 
1t would paralyse the receiver and render it very 
insensitive. The only kind of' tube available to s~tisty 
these requirements even approximately was the triode 811. 

· two of these were arranged in a shunt-fed push-pull 
oscillator of the Bartley type (fig. 1.5), the plate 
voltage of tSOO Volts being supplied by a reetif'ier of 
conventional design through B+. 

The transmitter is first adjusted to work as a class 0 
power oscillator with .the tap X brought to the groundod 
end of' R2• The grid resistors R3 and

0
f4 are wire-wound 

and also act as chokes to prevent bypassAthe R.F. to ground 
For pulse operation the tap X on R2 is adjusted to bias 
the transmitter. so th~t it remains com)letely out of~~ 
By injecting a pulse of suitable amplitude and polarity 
at .AS> the transmitter is brought into action fb r the durati 

of the pulse. 

The highest frequencies reflected by the P 2 layer 
do not normally exeeed 15 Me/see. nor do they ~rop below 

2 Me/sec. In order to investigate this layer the trans- · 
mitter must cover a oont~ous range between these limits. 
It is then also suitable for a study·of the F 1 layer and 
the daytime variation of theE layer. · With ordinary XK 

variable transmitting condensers, this can only be done 
in 4 bands;- these were arranged to give a suitable 
amount of overlap and the ooims were chosen to work 
between the .limits shown in table 1 : 1. A special band 
switch ras built to stand an R.F. potential of 3000 volts 

peak. 

The antenna system must be designed to radiate as 

efficiently as possible in a vertical direction over 
the range o:f :frequencies used. This is accomplished 

by/ 
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by having a separate dipole antenna for eaah coil; the 

length of each dipole is 0.475 of the mean wavelength 
radiated by that coil and is placed in a horizontal 

direction at a height of appz-oxima.tely :1 of this wave­

length. above the ground. To this purpose poles were 
erected on the roaf's. of the Physics and Chemistry 

Dep.arttmn ts at; R.u.o.. ~he feeders are of the parallel 

wire type spaced by 6 in&. spreaders at. 3 ft. from ~acg 
other. (fig. 1.6). 

BanCl Lowe~t .. Highest 
Frequency Freluencf 

(Me/ see.) (Me seo. 

1 1.83 3 .. 2 
2 3·1, 5•0 
3 4.8 . a.o 
4 8.0 13.9 

Table 1 : ~ - Tttansmi tter Bands. 

The coupling c:f th e antennae to the eoils caused 
considerab le aiffieulty, as the load presented b y the 

feede~-anten..Yla system to the transrai tter was very uneven; 

a e~~promisc was reached o y taypix~ down until a re~sonable 
amount of power was radiated all over- the seale: even so 

two short ski:ps on the transmitted frequ en.eies could not 

be eliminated: . 

on Band 1, :from. 1.95 to 2.17 Me/sec.; 
ff tl 2, tf 9.30 "10.00 1'f • 

Although these short skips did not present any difficulty 

in ttl e inte rpretation o:r the records., an improvements 

could have been. obtained by :reeding from a.maste~ 

oscillator into a separate power amplifier, in this way 

preventing reaction of the antenna system on the 

oaetllator/ 
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oscillator frequenQT. 
in f'ig. 1. 7. 

!be complete apparatus is ehown 

Pulse Generator and Modulator. 

The duration o-r the pulse must be sufficiently short 
not to overlap the leading edge of the reflection from 
the lowest layer. Taking the height of the E layer as 
100 km., the length of' the t'orward and return path at 

vertical incidence is 200 km. Neglecting retardation, 
the signal traTels with the speed of' light i.e. 3 x 105 

~sec., so tha~ 

time delay of' echo = 200 5 = 6.67 x 10-4sec. 
3 X 10 

- 667' f-800. 

The pulse should not be Teey short, because a large 
numbox- of harmonies will be included in the sidebands, 
resulting in. unnecessa~ interference with other stations 
and poor definition of critical frequencies. This is 
because the higher sidebands will penetrate the layer 
while the lower ones are stil.l being ret'lee.:ted. In 

addition the snount of energy which may be radiated w1 th 

a given transmitter decreases aa the pulses are shortened. 
Practically a pulse length of 100 microseconds is found to 
be suitable. 

The interTal between pulses must be large comp.ared 
with 1he time delay or an echo from the he""ighest layer. 
Considering that near the criti~al frequ~ncies of the P2 
layer~ virtual heights of 1000 km. are not uncommon, this 

delay, b y a similar calculation to that above, may be seen 
to be about 7000 microseconds; therefore the pulse rate 

should not exceed 150 per second. 

'the/ 
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The pers1stenee , o~ the glow on the O.R.O. screen seta 

a loner 1~ t -ror the pulae r~te. In a town supplied 
with A.a. maJ.na, it is Tery conTenient to control the 

pulse rate from the mains, the usual rate in South A~rica 
beina 50 per second. 'rhia method offers the adTantage 
that other apparatus may be s~chron1.sed ~aaily w1 th the 

pulse rate and will not go out o~ synchronisation ev.en 1~ 
the mains frequency fluctuates somewhat. 

Many rnethoda have been sUggested ~or the generation 
ot such pulses (1;20), {1:21), (1:22),. (1:23} .• . The . 
thyratron otters a simple method ar generating pulses, 

and a simple thyratron circuit waa first employed (~iga. 
1.8 and 1.9). The tapE on R1 is adjusted so that when 
<\. is t'ully charged through R2 ita potential is not 

auf1'1cient to strike the .thyratron w1 th the steady gr1CI 

bias applied. A smal~ A.C. Yoltage injected fran TR2 
is auf':ric1ent to bring the gric1 up to striking potential 
near the peak of each cycle. On closing s2 , o4 diaohargea 

thl'Ough tt2 , :a3 and ~ when this point on the cycle 1a 
reached; the plate potential of ~2 theret'ore ~alls 

rapidl7 ana 1\ extinguishes, 1he time of condaction 

dependJ.ng on tbe Yalae o~ t.be product o4(R3 + a4), ~ 
being la~ge compared 'to (R3 + Rq_). '!his produces a 

voltage pulse acrosa :a6, which is appl.1ed to the grid a 

of the parallel power amplU'ier tubes ! 3 and lf4• 'rho 

length of this pulse may be varied by the aid or ~· 

Du:r! DB the remainder of the cycle o4 recharges through R2 , 
the time constant of c4R2 being adjusted so that it is 
ready to strike again on the following cycle. 

The pulse is .Wild ampl.1f'1ed through 1!3 and '1'4 and 

ted/ 
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~ed through the audio transrormer TR3 into the grid 

circuit o"L the transmitter. 'rhie trans:rormeJt di:t'ferentiat4 
the wave~orm o~ the pulse thus sharpening it; it was 
f'ound, howeTer, that the sudden large change 1~ wltage 
pJtOduced a damped oscillation in the output. '!he second 
positive peak gave a second pulse in tbe tranamitte~; 

this o.f'feet was eliminated by the introduction ot ! 1 
(tig. 1.5), a power pentode oonnscted as diode- this 
clipped oft the first negat1 ve peak and thus prevented the 

first oscillation from taking plac•• 

This pUlse unit was quite satiat'actory, but unt'ortunat• 
no replacements tor tle thyratron could be obtained. 
Recourse was theN1'ore had to a hard valve Pilae generator 
( ~ig. 1. 10). This ci rcu 1 t is d eri Ted from Pucltl.e' a 
time bo.ae ( 1:24); the pentode !1

3 
has a high load reaiatanc• 

R
7 

and the refore ita plate potent1a1 1a low. 22 does 
not conduct because ita grid ia a:ntMeted to this plate 
and is therefore many volts negative with respect to its 

cathode, tapped ~t 160 v. on the bleeder R1• As (o4 + 05} 
charge thro~ R3 , the cathode o~ ?!2 drops in potential 
llD.tll the valve condacta; . this causes a negati'Ye 
impulse on the. g rid o~ T3 • its plate riaea and so doea 

the grid or T2 , thus making T2 conduct more. A pulse 

of current is thus built up. (o4 + c5) quickly discharge 
through R5 and r.e2 , however, and this Nsults . in a ~all 
of' curre nt through 1'2 , T3 b-ecomes more conducting and 
tho c1Jtcuit :f'alls back into the starting condition. 

Synchronisation w1 th th e main frequency was attained 
by adjUsting the return or the cathode or T2 to the 
bleeder until the circuit did not strike at all. A 
compara tively large A. C. Tol tage was then applied to the 

&UJ>pre E or/ 
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~c:-

- 25,000 Ohms 100 Watt 
0· 75' Mesohm 

- 2,500 Ohm.s 
- 10,000 II 

= 0·1 Megohm 
- 0·5 It 

75,000 Ohms 
- 0·1 Megohm 
=- 50,000 Ohm s 

C.,C1,C3 = IOJlFd 450 V.W El~ctrolytic 
C._ 0·01 " Mica 
C5 0·005" 
c6 = o·o2 .. 
C7 0·0~ .. 
C9 0·005 " 

S, Power SwiCch 
Sl Pulse H.T. Switch 

FIG. 1·10 

L, - 20 H 

TR, =- Mains Tran.sformer 

TR1- Output Transformer 

T. =SY3G 
T2 - 6C5 GT/G 
T3 - 6J7G 
T._ - 6L6 GA 

CIRCUIT OF VACUUM-TUBE PULSE GENERA TOR. 
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suppressor grid o~ T3 from the potential divider R10R11 ; 
this brought 1be circuit into operation once every oyole. 
By suitable arrangement o~ R

11 
and ~ the pulse phase may 

be shifted by as much as 90°. This circuit was uaed in 
the latter part of the work and proved more successful 
than the thyratron. 

It should be pointed out that a method not requiring· 
an injected voltage for synchronisation has been developed 
in connection with radaP, bat this circuit was at1ll on 
·the see!'"et list at the time o~ buUding the above two 
genera tors. 

Reoe1veri 

The more important pl'e-requ1aites or tho r ece1Yer are 

(1) It must reeover quickly trom the strong ground 
pulse and be back at rull sensitivity by the time 
the r1ret echo arrives. 

(11) Its normal sensitivity must be sutt1cient to 
receive eYen the weakest retleeted signals. 

It woe hoped at tirst that a good qual1 ty domestic 
receiver would satiety these requirement• with only 

slight alterations. To thia end an H.u.v. model 473 
was purchasod, but by the time modi~ication was completed 
little was left or it a«Ye the ohaasie. end tuning unit. 
The t1 na1 oircu it iB shown in fig. 1. 11 and t.te ·IJI"Pl.D 

apparatus itself in t1go. 1.12 and 1.13. The fOllowing 

departures from conventional design should be noted: the 

time ocnatants of all the circuits in the R.l'. section 

are aa small as possible. most of them being below 100 
microseconds. As the usual type or A. v.o. has a time 

constant/ 
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~ - 6SK 7 
T1 'A8 
13 - 6L7 
1+ - 606 
lj - 'H&G ,.. 80 
T, - 6C6 
T, - 42 

Lt - 30 MH 
L1 • Voice Coil 
L~ Spwker Field Coil 

To Recorder 
R, - 300 Ohrn3 
Rl - 80,000 Ohms 
R) - 5,000 

RJI 
A. = 300 
R5 - 50,000 
R, - 75,000 
R7 ~ 25,000 
R, 15,000 
R. - Z·O Me~ohm,. 

A,. - 500 Oh,.,s 
A. 10,000 
R,. 0·125 M~9ohm 
R,) - 8,000 Ohms 
R,. - 500 
R,. - 0·1 Me9ohm 

R" - 6,000 Ohms 
R" - O·l Me9ohm 
R, 0·25 

s,-s, - 'Wove ~and Swofch R,. ,.. 0·5 
s., - Power Switch Rlo - 1,000 Oh.,s 

R2, - 75,000 
TR, - Moon$ TronsFor~ter AJ> - 75,000 
TR2 - s,.cohr Output TransFormu Rn - 0·45 Me9ol.,., 

A2• .- 500 Ohms 
The plwg oF Fi<J l-Ila fits tl.e socket of Ru • 50,000 
Fi9. HJ!. i11 t~c po•iCi., indicated. Rn - 0·15 Mr~ohm 

FIG. 1·11 b 

CIRCUIT OF RECEIVER. 
A.F. Sedion and le9end. 

c, 0·1 pFd 
( 2 - 0·001 
cl = u·l 

c. - 0·01 
Cs 

.., 40 }')' I'd 

c, = 300 
(1 2300 
c, 400 .. 
c. - 0·001 I'Frl 

(R.F. G,.,.,) 
c,. 0·001 
c., 0·005 .. 
c.. - 0·05 
c,. - 0·01 
c,. - 0·01 
C,s - 0·01 

c" = 100 f'f'Fd 
Cn = 0·005 pFd 

c" - 0·1 
(AF. Goo n) c,. - 0·001 

c •• - 0·0()3 

(P.AGom) 
cl, - 300 J'J'Frl 
Cu - 100 .. 
c., = 0·05 pFJ 
()4 - 25 .. 25 V. \J. Ele&olytoc. 

25 'Watt c,, = I 
Cu - 0·1 
c., = 16 450 V.'W. 
Cu z /6 .. 450 V.\J. 
cl. - 8 450 V.W'. 
CJo - lo • 450 V.'W. 
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constant of the orier of a few seconds. 1 t cannot be used 
in a receiTer ar this type; howeYer, some kind of A,v.o. 
1a necessar,v to prevent oac1llat1ona: two such oirouita 

are included, one an integrating circuit consisting of 
R17, R

9 
and 0 13 to reduce the gain under disturbed 

0-ondi tions; the other, by the application of the output 

pulse from the detector to the th 1rd grid of tt
3 

x-educes 
the gain momentarily a~ter any strong pulse, 

The audio section is designed w1 th veey long time 

constants, ·so that all the harmonics of the pul-se may b.o 
amplified and its duration not lengthened. 

The useful range of the receiver is caTered 1n two 

bands snd only one change 1 necessary at 5.4 Mo/eec. 

PrcoucncY Calibration, 

Since the fre.quency . plqe a Tery important part in 

ionospheric measurementa, being cme of the few qaantites 

whioll can be measured ·accurately. both the tranamitter and 
the roc 1ver must be care:tull3' calibrated and tha calibrat­
ion must be checked at regul~ 1nterTala. 

The most reliable socondar.y atandard ot frequency ia 
provided by a crystal controlled osalllator. naually work­

ing at a t'Nqueney or 100 kc/aec. • girtng a waTef'orm 
rich ~ harmonica. A rectangular wa?ef'orm 1 particularly 
suitable, an4 it 18 not unconmon to detaet harmonics aa 
high as the 200th in the output o:t' snoh an oscillator. 
An 1netrument ot 1h is kind prortdes thEref'oro a series of' 
signals of standard t'requency t'rom 100 kc/sec. to about 

10 or 20 Me/ sec. • and provides the most ooite.~le standard 
:tor the calibration of 1on•.apheric equipment. 

Owing/ 
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Owing to war cendi tion& it was impossible to obtain 
a e.ryatal resonating at this t'.requency and attempts to 
out a quart~· orystal to the required dim~naione proved 
unauooeeaful~ ResoFt was therefore made to a less 
ambitious frequency .standard by bu1d1ng a conventional 

:fo!"Ill of ose1llator and .achieving frequency st.ab111 ty in 
the following ways , 

( 1 )A scre~grid tUbe was oper ated as an oscillator of 
the electron-oonpled type. In this type o~ 
circuit, where the screen grid acts ae oscillator 
plate, it is possible,. by a sui tal?le choice o-r 
the screen grid potential, to make the f'requeney 
practically inde»endont of the plate supply 
potential (1:36). · 

(ii) Battepy opera~ed tubes with 2 volt filaments were 
used throughout with low potentials t~ •void 
rrequency drift due to'heating. 

(iii) Hard-drawn 14 gauge copper wire was used in all 
circuits connected with the tuning e~ementa, to 
avoid changes or trequenoy due to displacement.. 
of wirea. 

(iv) The outpllt was taken through a bu:r:re r amplifier 
tube. 

( v ) Th~ oscillator tube and circuits were ce.re:f'ully 
shielded. 

Fig. 1.14 Sho e the circuit usea. ~1 is the 
ose111ator tetroae. R1 and R2 term a potential divideP 
to supply the sereen with tbe required fraction ot the 

plato voltage. The fr$quoney stability was t eated by 

changing the supply voltage from 180 to 45 volts without 
altering the frequency by more than 10 c/aee. 

ID/ 
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(135 v) s, 

c, 
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R, 56,000 Ohms 
Rl - 44,000 

c,,cl,C3 - 0·1 fJFd .. L,,L1 = R.F. Choke 
C~, C5 20 pf'-Fd Tri111mer L3 • L4 = Oscillator cools 

R] 200 c, 100 Ls 0·2S mH R.F. Choke 
R. = 75,000 c7,c, - 400 M icq 

R5 ,R, ""' 50,000 Ca. Coo ""' 100 T, 32 
R,,R, - 25,000 C, 50 I; 19 
R~ - 0·125 Megohm C,2. - 40 T; I C 6 

R,o - 0·25 ,, Ca = 0·25 JJFd 
c,. 75 #JJ-Fd s, + S1 = D.P. S. T. Swit ch. 
CIS 0 ·1 p Fd 

FIG. 1·14 
CIRCUIT OF 100 KC./S. FREQUENCY STANDARD. 
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In addition to being electron-coupled the load or 
the oscille. tor was reduced to a• minimum by using only a 
small capacity c8 to control th frequency or the 
conventional ·mult1v1brator T2• The ~ectangular wave:t"orm 
from the rnultivibrator vas injected into the butter amplif'j 
TJ , through -011 and a12• Although T

3 
is actually a, . 

pentagrid converter, it seems to isolate effectively 
the output :from the input on account of its many grids. 

The output was compared with the 10 J.fc/seo. signal 

or station ff«V maintained by tho .American Buroau or 
Standards, the carrier frequency o~ which is guaranteed 
to bo accurate to one part in ten million. By adjustment 
of the trimmer condensers c5 and c6 the 100th hamonio 

was brought into zero beat with tho Vlff'( carrier. Long 

and repeated testa have tailed to show a beat note of' 
t'Pequoncy greater than 20 cycles, showing that the :t"undamcn 

is oonstant to within 0.2 of' a cycle or-2 parts in~ 
mil lion. 

Both transmitter and receiver were calibrated 
against the harmonics of this oscillator, end the 
calibra tiona were checked at regular interv-als. 

Operational ~echnigue, 

In taking a reading, th~ frequency of both transmitter 
~d receiver are increased s~ultaneously manuall7 
(~ig. 1 . 15) ; to keep tho receiver in tune some sort af 
monitoring dev1ee is necessary: the loudspeaker of the 
receiver r or.ms a·use~ul adjunct to the 3 ins. R.O.A. 
oscillograph, model TMV 1228, used as a visual monito~, 
since the reflection makes its presence heard by a change 
in note. 

When both receiver and transmitter are tuned to the 
is 

same f'~rcquency, and tm output o~ tm roeoeiver "connected 
to/ 
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to the vertical detlecting plates o~ the monitoring C,R,o. l 
a linear o~inuso1dal time-base being applied to 1 ts . 
horizontal plates, and synchronised to the A,C, mains, 
a pattern as shown in fig. 1,16(&) results. As will be 

Fis, 1 , 16{ ) • Appearance of 0, R. 0, sel?'ee:q., 

aenn.J' the patt-ern consists ot one strong vertical cle:flectio 
& which saturates the recei vert it represents the ground 
pulse. ~hi8 first deflection is followed by a number o~ 

s1m11aP def'lectiona, Val'Y1ng in number according to 

cond1 tiona and decreasing in strength towa~s the right, 

They represent reflections f'ro~· one of' tho layezws of 'lb.e 

ionosphere, The f'irot one 9 R1 , is due to a pulse which' 
has travelled to tile 1 eyer concerned and back, This 
particular pulse may be reflected ~t the sur:race ot the 
earth and rj.peat tho · return journey, giving rise to 1h e 

second reflection R2• This process. may be repeated any 

numbaP of times; ~t each reflection~ however, a certain 
amount of absorption occurs, the ·signal is. weakened · and 

hence the n~mbcr of reflections R1 , R2 , R3, R4 , etc., 
which can be seen on the oscillograph so~n varies with 

the/ 
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. the conditions prevailing along the path of t~ sig:ml. 

This explanation may be checked it' the c.R.o. b.as 
a truly linear time base,. in which case t~ various 
reflections are equally spaced. 

The usual procedure with mannal1y operated transmitte~ 
·and reeeive~a is to start at the low t"requency end of the 

scale. The t'requeney ot' tile transmitter is then ine.rossed 
d a c»nstant rate .and tm receiver ia kept tuned to tte 
transmitter by keeping the streDgth of the rafieeted 

signal at ~um with the aid ot' the two monitoring 

devices. As the frequene7 is increased, the cri tioal 
frequencies of the R region and F1 region are paaaed. 

These are noted by the sudden inc~a.ae• in the separation 
betwean the ground pulse and the reflection. · 

Owing to the greater thickness of' the :B'2 layer, the 

approach to its critical f'requenoy 1a aecotriplnied by an 

increase in the retardation or 1h e reflection• as it 
penetra.tes :further and further into the layer. Under­

good conditions it is not unusual to follow· the·retleotion 

to the extreme rlgh. t of 1he horizontal sweep., 1. e. • . a 
virtual height or 3000 km. The above process will , 
throughout this woPk• be referred to as a "swoe:p"". 

From such a sweep it should be possible theoretically 
to measure two types ot data: 

(a.) The cri tiee.l :rrequeneies . tor the ordin.ary and 
extraordinary rays (i.e., the frequencies at which 

complete penetr~tion occurs tor each~~~). 

(b) The virtual or apparent height at any required 
frequency ~long the sweep. _ 

However'-. measurements o'£ this kind made directly on 

a/ 
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a o.R.o. screen would be both long and inaccurate; it has 

been estimated that even an expert operator could not. 

take all the deaiPed measurements on a complete sweep, 

inclufling all three layers, in less than two houre. 

This would be practically uselees, because ionospheric 

la3ers are in a state of' continuoua.end sudden chaDge, 
which includes variations in height. thiokness and 
electron dtm.aity. Modern measurements are there:tore . 
always derived from some kind o~ photographic records,· 
and to produce these a recording device must be added to 

the equipment already deseri-ed. 

Photographic Reaorder; 

The photographic reeo~der used ~n~sted o~ a 

Oosaor cathode ray tubo, type 3237-J, with a blue 
short-persistence screen suitable ·for photographic 
purposes. The oor~ect voltages 1'or- t lD el eatrodes 
,.,ere supplied by . tne rectifier T1 , while the time-base, 
amplifiers, etc., were supplied by T2• Those arc all 
show.n in fig. 1.17~ 

mhe time-base was produced by the gas-filled t~iode, 

'6' the condenser a11being ohargod linearly through the 
:pentode rr7• Uter passing thrcugb the amplif'ler, !t5,. 
with ~ong time conatanta, the time-base signal. was 
applied to the hor1$0ntal deflecting plates of the 
cathode ray tube. The time-base was synch:Pon1sed 
w1. th the mains thl'ough. the trana:rormer TR1 in the 
thyratron grid circuit, and a certain amount at phase 

shit"t could be obtained by the use of ~· 

Tho output of too receiver was amplified by ~4 and~ 
after/ 
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R,R, = 7!>,000 Ohms R,. -· 0·15 Ohm Rn - 20,000 Ol.m.s c,, C1 = 10 f' FcJ 4 50V.W'. Eledrofytte 

RJ - 40,000 " R,s = 0·3 " I nt ensi ry Ru ~ 7.000 " (! ~ 16 " 4 5"0V. W: " 

A. = 50,000 " R10,R17 - 5·0 Me9ohm R,. = 60,000 " Hor. Synch. c4 = 2 " 800 V.'W. 

Rs - 1·0 Me':lohm R., = 0·5 " R,. - 5",000 " C5, C, = 0·5" " 

R, = 0·2 .. A,. - 1·0 " ~ = 0·125 Me~o/..., c7 = 0·1 . 
R1 - 0·8 " R1o = 500 Ohms Ru = 2·0 " Hor. Go1n c,,c. - 0·25 " 

R• - 1·0 .. Hor, Poll(iOI'I R .. =- 0·115 Me9ohm Rn - 0·5 " c,. - 0·1 " 

A, = 1·0 " Ve,r. Pooition Ru = 0·5 " R<+ "" s;ooo Ohms C, ,C, - 0·25 . 
R,. - 0·25 " . Focus Ru = 2·0 " Vert. Gain A3s = 10,000 " Hor. Sweep c., - 0·5 " 

R, = 2·0 " Ru - 0·2 " Fre~uen cy c,. - 0·05" .. 
R,1 = 0·2 .. R,s - 40,000 Ohms L, = 20 H ( 15 - 0·5 " 

R 11 = 1·0 " R .. , - 500 " Rei, = H. T. Remote Control Aelo y 

r, - D'w' IS (Mul/ard} T, - 3'!/44 
T,. = 5Y3G FIG.I·I7 Ta = 3237 r (CoHor) 

~ - t.F6 TR, = C.R. T. Supply Trono form•,. 
T..Ts - 65J'7 CIRCUIT OF TR1 - Amplifier Supply TrQno Former 

li - GTIA (Osram) PHOTOGRAPHIC RECORDER. TR, - 1:1 Synch. Trano,fo,.mer 
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after passing the D.o. reataring diode 'f3, the pu~ose . 

or which 1a to eliminate the"tail" following the pulses, 
the signal was applied to ibe vertical deflecting plates 

ot the a.R. tube. A pattern_ photographed in f'1g. 1.16(8), 
thus r-esnl ted. 

Fig, 11 20 - Et'f'eet of :elacipg a lead sheet with slit. 

in. front of C 1 R, 0 t sc.tteen, 

The photographic records were made on 35 mm. film, 
tor/ 
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Cal'Y\er-a Mec.hanism . 



R, 

R, 

R, - 1·0 M~gohm R,7 = 10,000 Oh..,. 10 'Wat t c, = 0·03 fLFd 
~ - 0·2 5 .. C:~. - 0·001 .. 
R - 0·1 .. S, = Powl!r Sw• r < h 

(3 = 0·1 • 
R, - 0 ·5 .. L = 50 H c4 = 100 PI" Fd I 

Rs - 75,000 Ohms L2 = 20 H Cs "" 0·05 pFd 
R, - 0·25 Megohm c6 = 4 .. E f ect,.olytoc 

R,= 0·1 .. TR,~ Synch. TransFormer c7 - 0·5 .. 
R, ... 300 Ohms TA~- General lkJ,o Co. l)pe 271 M. F. Tronsforlll<r c, - 0·01 -· ..~ 

R" - 50,000 " TR,- M a 1n5 TransFormer c~ - 0·07 .. 
A.- 75,000 .. c,. - O·lX)3 .. 
A.. - 0·25 Mesohm Ou [put Control 1. = 53 c .. - 0·002 " I 

1\1- 5,000 Ohms 1; "" 287 c ... = 4 " 450 V. 'W. Electrolytic 
A,. - 0·5 Me9ohm T, = 5'1 en -= 0 ·05 .. 

3 

Rl$ - 75,000 Ohm~ 4-= SY3 G c.~ - s " 450 V.'W. .. 
R"- 0·2 M~9ohm I 

FIG.I·21 
I C,s.~= 10 .. 450 V.'W. .. 

CIRCUIT OF HEIGHT-CALIBRATING OSCILLATOR. 
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ot the mirur, 'fhis was done by appl.ying tho output or 
the unsymmetrical multivibrator T1 , detected by t~ 

diode section or ~2 • to the oscillator control grid, 
!rhe output was t"ed to the buffer amplitl er T3, and, 

when desired, applied by means of a two-way foot switoh, 
to the recorder, instead or the re ooiver oupu.t, 

Reductio~and Pros~ntatian or Observations, 

Photog~aphie Records and their Interpretation, 

Two typical examples of" records made with the 
apparatus described are shown in tigs, 1,23 and 1.24. 

Fig , 1,23 - Sweep ~oP December 6th, 1245, 2 hours, 

The sweep illustrated in fig. 1.23 is typical or 
. -e 

night)me conditions, The height-calibrating oscillator 
marks are at intervals of 0,2 Me/see., starting at 2,4 
and ending at .5,0, with' double marks at eTery whole 
number of megacycles. The long mark at 3.2 covers a 
band change of tm transmitter. The dl ration of the 
sweep was three minu-tes, the film speed being just less 

than 3 em. per minute. The ground pulse shows e.s the 
straight line, running parallel to the lower edge o~ the 

f'ilnV 
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film and tm reflections are visible :rrom only one layer, 
the F layer. · At the beginning (left) o:r the sweep, two 
strong linea and two weak ones may be seen; the lowest 
of these is the f'.l. rst reflection :ror the P rogion and 

the others are higher order· mul tiplee (f'ig., 1.20). As 
the :rrequ eney is increqsed, the apparent height of ref'lecti4 
rel?..Pesented by the distance between the ref'l.ection and 

the base line, slowly increases - this may be seen. more 
clearly on the higher order· retlectiona. At 3.9 Me/see, 
the first reflection splits into two, one of which, 

identified with the ordinary ray, rapidly increases in 

virtual height and finally penetrates the layer at 4.35 
Uc/soe. : this then represents the ordinary critical 

0 frequency, t , The lower retlection, which ia the 
extraordinary, ;tollows a similaP course, but does not 
penetrate until 4.80 lfc/sec, 

Fig, 1,2!f - Sweep for December 28th, 1945. 9 hours, 

In f'ig, 1.24, a daytime sweep, ranging betwoen 2.2 
and 8.0 Me/sec. and taken over 6 minutes, the structure 

ot 1he ionosphere is obTioual.y more complex than that ot 
r1g. 1.23. From 2.2 to 6,0 the frequency marks are 
everoy 0.2 Me/sec., · the next mark is 6,5 and from 6.8 on 

marlting is resumed at 0,2 Me/sec. intervals, Long · 

marks at 3.2 and 5.4 are due to band changes of tranami tter 
and/ 
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and receive~ respeetively. At 1he low :rre~ eney end 
of this record a _single reflection at a height of 

approximately 100 .km. 1& due to the E laye,.. Jus~ 

over 3.2 Ue/ see, penetration of _the ordinary ray occurs 
and the ordinaey · ref'leeti on is ttl en re turned from a 

' . 

virtual height·. of' about 130 ltm. At 3.3.5 Mo/see. 
penetration occurs to the F 1 lay-er, for which the 
ordinary ray cr1·t1e~l frequency is· 4. 60 Me/ sec. Prom 
here onwards the· ny ·18 returned from t~e F2 lSfer, . · 
which 1 t :finally penetrates with some broadening at 
7.6 Yo/ sec. The downward slope ot the trace immediately 
a:fta.r the E and i~1 cttitical frequencies is accounted . for 
by ttl!! :f"act t hat at these points tte fm quency or the 
wave is only slightly greater tian th~ critical trequency 
of the layer which has just been penetrated and hence 
it suffers much retardation in ·passing through that 
laye.P;: this has the e-ffect or increasing the virtual 
height. The extraordinal";Y" ray will be seen to follow 
a course similar to that of' thit ordinary ray, but 
displaced towards the higher. frequencies by about 
0.5 Me/sec.; it is, however, somewhat more absorbed 
and in places a~togetber missing, e.g., ~2 critical 
f'requenoy. 

The reflection returned from an appaFent height of 
130 km. between 3.2 and 3.35 Me/sec. has been interpreted 
by some workers- as due to the presence of sporadic E 

ionisation above the normal E layerr; daring the 
observations of' the present work, thi.s type of l'eflection 
was encountered practically every day and it is here 
suggested that something more ~ regular than 
sporadic ionisation is involved; the presence of' two 
E layers has already been suggested by Hal liday (1:16) 

arii/ 

.. 
l 
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and others ( 1 :25), but more recent American workers 
still seem to attribute such regular rerlections t9 
sporadic E ( 1 :26), · · 

Evaluation of true height~ 

The heights which mey be scaled t'rom ionosphere 
records, such as those illuotrated ' in fig~. 1.23 and 
1.24, are virtual heights anCI these records are indeed 
nothing more 1b an grapha in wh~<fil the virtual ~lei ght of 

the layer is plotted aa ordinate and the :trequency aa 
absc1ssa. · The problem of deducing the true height o:t 

max~um electron density :trom such grapha was attacked 
by Appleton (1:27), (1:28) and Xurray and Soag (1:29); 

bat their roaW.ts lacked ease of application. 

A raa.aonabl.y simple method was published by Baoker 
and Seaton in 1940 ( 1 :30), depending on the f'ollow1ng 

argument: 

If a parabolic distribution o~ e1 eetron dena1 ty 
with height 1s assumed ( thia being the simple at function 

which will give a maximam) then Appleton has shown (1:28) 

that 

r ~· + r •--;logeo • 
2t r - r • • • (1.3) 

where h' is the virtual height o-r re f'lect1 on or a signal 
or :t'req ueney t, ~ is the t rae he1 gh t at which on the 
p.arabo11o distribution the electron density becomes zero 
(i.e •• the minimum height or the layer), ~is the true 
height or maximum electron density and r 0 is the · ordinary 
critical frequency. Tho meaning or these symbols will 
be perhaps made clearer from fig. ~.25. 

Det'ining/ 
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De:t1n1ng a fUnction +<x) by tile equation 

p ( x) :a ~ loge / ~ ~ ~ ( ... 1 • • • • ( 1. 4) 

and writing 't' • bm- ~ = semithicknesa of the. layer-. 
eqn. {1.3) may be written: 

h ' = bx +-t:~ ~) • • • • • • (1.5) 

Values of' ¢ (x) have been tabula ted and shown 
graphically by Booker. and Seaton ( 1:30). Hence t'.rom 

the graph of h ' vs. r, i.e., the ionosphere record,~ 
and 't' may be estimated as f'ollowa: 

(1) Msasure the values o~· h' correaponding to an7 two 

valueo ot' :to lying between 0 and 1. 
r 

(11) Prom the tabulated :function f'ind the val"ea ot + 
oorresponding to these two valaea of :to• 

f 
(iii) S~bstitute the t wo pairs at' corresponding values 

of h ' and + into eqn. ( 1.5) tmd solve -ro r 't" 

and h.M. 

In practice it is convenient to choose the values 
or fo so that ~ tl!lken on apeeially simple numerical 

t . . . 

values. such as those ahown. in table 1:2. 

~ 0. 648 0.725 0. 757 0.834 0.887 0.901 0.925 0.969 -f'() 

~ -i -1- -i 0 +* +! +i +1 

Tgble 1Ji - Frequency ratios for simele values o~ !& 
In opite of its comparative s1mplie1t,-, Booker and 

Seaton's! . 
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Seaton's method does not seem to have been used to any 

great extent. Even recent investigstors (1:31) have 
used the virtual height in ihe -discuas1on. of problems 

for which the true height was obviously required. 

In the present work a routine method fo-r the 

application of Booker and Seaton• s analyai a "o the 
record a has been developed. For pUP poses of 

measurement the records were enlarged 10 times 111 

a micro:rilm reade.P. On the base of this was drawn 

a scale of heights. to f1t the he:i.gbt-calibrating oseillator 

marks on an average record. Owing to sligb. t varia tiona 

in the time base of the recording oscillograph, the 
actual scale rarely fitted this prepared scale 

accurately and a eorrection was always applied ftlr 

thia by reading the di:f:terenoe at tho nearest 100 km. 

mark. With this apparatus it was f'ound tm t the 

heights obtained could be reproduced to 2 km. ·Whera 

multiple ~erleotiona were avail~ble, their heights 
were a1. so read and divided by the proper integer; the 

final xesult was taken as the mean or all such esti~ates. 

In fig. 1 • 26 1 s shown an enlargement of :f'ig. 1 • 23, 
by approximately the same amount. It will be seen that 
the definition particularly at the beginning of the 

ground pulse and ref'l.ections 1e good enough to al.low 

such accuracy. 

· F1r$t t 0 and r ror a layer were estimated by 

ina~ct1on xo two decimal places of a mega~ycle; fractions 

.L. , having the vaJ.ues shown in table 1 ;2 , were then ro 
calculated and tle height at each ot these f'requencies, 

where/ 
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where available t waa read. These were then paixe d ott 
and ha and "t" caloula ted tor each pa1P, . ll~Dg ~quat ion ( 1.5) 

r· 
Let h48 be tho v-alue of h' for -;o :::=: o!J~48, 

.. h' tf ft 
925 . . " " " ft • 0.925, etc. 

By equation ( 1 • .5). 

h648 = hx ..... i 't" 

and h925 == hu + t 't" 

Hence 

and 

·' 

hu" = i(h648 + h925) 

~ ~ h925 - h648 

By -a similar process the relations shown in · 
table 1:3 may be obtained. Vlherevel" poss1b1e the :r1rst 

hy '1:' 

i (h648 + h;25) h925 ~ h6q_8 

i (hks- + h9o,> i (h9o1 ~ h725> 
i (h7s7 + h8a1> 2 <h8a1 ":- h7s7> 

.. .. h834 h969 .... ns34 

211aa1- h92s 4 (h;25 - h8s7> 
3h9o-t - 2h925 6 (h925- h9o-tl 
i (3hgoi . ~ h969) t (h969 ~ h9o1> 

2h92s -: h969 2 (h969 -: h925) 

i (4h887 .. 11969} ~ <h969 - h8a1> 
1 ( ' 3 ' ) f (h925 - h725) 5 2h925 + h725 

Tab 1e 1: j · - Formulae for ,!!a ana ~, 
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foul" of these were used, but when some values could not 
be obtained, the remaining m lations and other similar 

ones were used; the srune value o~ h ' was never considered 
in move than one pair. The resulting values of ~ and 
-r were then averaged to obtain representa ttve values for 
that recol'd. 

A complication is introduced by the presenoe of · 

other l.ayers below the one being measul"ed• since these 
p~oduce some r -etardation of the m fleet ion. If it ia 

assumed that these layers ~re paraDolic; a eor~tion 
:tor this e:t'feet may easily ·be introduced by- a further 
app;_ie!it1on of eqn. (1.3)t aa pointed out by Booker and 
Seaton (1 :30). The retardation produced by the passage 
&hrough a parabolie laye~of a waTe of frequency t , . 
greater than the critical frequency f~ of that l~yer, is 

't"' ~ ( f' 
0

) • where -r is the s-emi thickness. Since 'fne 
f ' 

ref'lection traverses the layer twice, an amount .21:~( '1:
0

) 
. ~ 

must be subt.raeteti trom tho uncorrected '¥it-tual height, 

whe~e 't' and f 6 ref'el" to the lOW'e.l" .retarding layer. 

On.- application of this method, it is fbund that, 
while it is per:f"ectl.y satisf'acto.ey: for the E layer, the 
upper half of the Ft layer is usually eom.p1etely within 

the F 2 layeP end the ooJ.!!t eeti on for the p~senee of the 
P 

1 
layer is theref'orc halved. · 

'rhe l?etardation falls off rapidly as f is increased 
·. .. , 

above r 0 and thus the etteet p:roduced by the B layer on 
the virtual heights ot the ~2 layer is praotically 

always negligible. 

All data pertaining to a givon reco.ttd are conveniently 
recorded/ 
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reecrded and Jteduced o& a sheet of tbe type shown in 

fig. 1. 27, which refers to the record illustra t _ed in 
1"1g. t.24. 

In cases where r 0 was not directly obsenable 
(generally due to extended aeatterillg), the extraordinary 
reflection was used ~or scaling pu8poaea. 

Re.gular Observations.& 

In pursuance o:f the original object of this research, 
1 t ws~.s decided .to take a series. of photographic records-, 
one each hour on alter.nate days, over a period of 4 
months. This choice of intervals and duration of 
observations was dictated by the shortage o~ observing 

staff available: the Obs~rvations bad to be taken · 
during the Q') llege vaeation, because the nea.demie duties 
of tm ob se.rvers were not compatiblo w1 th the continuous 
running of an ionospheric station. The obserwvat1ons 
were aetually made between 1et November 1945 and 28th 
Februazv 1946 and tre s. ealing of l'<'Cords was laboriously 
accomplished during the writers• spare time between then 
and tre end of June. 

The re eords ahow the usual wide varia tiona, particular­
ly of' the -, 2 layer. 

(1) Particularly at night, tho re :fl. eet1 on became at 

times veey broad ana scattered. In extreme cases 
the. magnetic splitting could not be obsef'YCd at 

all, as~ e . g. • in fig. 1.28. It will be noted. 

that not only is the f 0 impossible to determ.ine1 

but that the reflection pero1sta 1n a broken and 

irregular torm for some time even a..t'tor what would 

normally/ 



Record No • • ?"1-.2: . 
SCALII\"'G OF MEORPS· 
~: .?-.S./.11-./.'t?.. ll~an tim•: ,,,h.!.1JJI 

General Characteristics: 

Spera::! • c E . - -
E r•.l.!.l On f0=3-2.2. We/sec. f~3·70ltlc/sec. 

f 0 - 3·32 Mc/s('c. f'X- - Nc/se c 

f/fO I --vrrrual nelgn,, xm. 
f lst 2nd 3rd 4th Vean 

' 0 648 I - - -
~?- . _6_:34 i o~ - - IDI 

h 

Time : 8 h. S'S m.~ 
e: 8 h.5'Sm. Tim 

W 7j :l.·H ~4 :l.•H_ _ _ 
116 - - - "" --12.~ - ~.::-._ ~- t--=-· l..O 

7 2 :._~ !> il..9_ _ - - t.a.o -- -
0.901 1-'i O Ill. =-- - -+- ll 2.. 
o. 926 + 2. ;--qr I 2. 6 .-: __ 12..' o. 969 3. ll 13 0 - I~ 0 

fO,. 4 -jO Me/sec. fX=S· IOMc/sec. 

Virtual hei«hts h' (km.) 
f/fO f lst 2nd 3Nl Hh Wean h' 

-%~645 - -
.72.5 - - - - - -

_Q, 7 5'7 3·4 8 2.01 - - - 2..1JI 
0.834 3. 8 4- .2.2.1. Z.2S - - 12.S 
0.687 4 . 08 2 )4 - - - 2. .J 4 
0 .. 901 .t.·IS :l.l. 2 2.41 - - :;..~-· --

.0. .. 925 4· 2.S l 2" - - - 2&& 
0 969 4 · 4S I Bl. 3SO - -· I 3. 3 

.f2 (or F) region. f 0 ::7·63.Mc/sec. 

V1 rtual Hei g:ht h' (kn) 

Mean h)l= liS 
"! "C" z: I 3 

hm= IDS' 

Time: 8 h.S7m. 

!/1'! ~t(.t/11) Corr.h 

-
1· 01 
/·/"! 

J·l7 
.1.-l'! 
I · Jl 
I· Jl 

-- -:3.0 I ll 
I 2. 2.11 
q 2..:J.j' 

'l ..2..J" , 
2. ~.! 

7 U6 

Nean hM= 204 
II ~ .... /10 

hm= 94 

Time : 'J h. 0 () m • 

!/(0 f I 1st 2nd 5rd 4;th Mean h .f/~ -rtl r;t•t:ll CoJ"ro_!l_ 
() .. ()<Ia 4 · q4 314 )I.S 
:l. 725 S"-SJ ) 7'- 3,., 
::>. 7&7 S78 31L ~70 

:l A~4 I I. · ~J.. tot 2. J't$ 
Jb ee7 I , · 70 41.! La IS 
0.901 6·18 440 "-~' o. 925 7-0S 470 -
0.969 I 7· 3 'i !'J4- -

- - )II,. 

• - J72 

- - .l'7l 

- - J<d 
- - 411. - nA 
- - J.7D 

- - S" u. 

FIG. I· 27 
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Fig. j, 2.8 - Sweep tor Novembev, 8th, 191;U. 0 hours, 

normally be taken as the iX. Such scattering has been 
noticea by others., and has been attributed to 
magnetic disturbances and also to ••patchy" 

~rmations in the layeP. 

(11) The P2 leyer critical frequencies and true heights 

were :tound to change trt3ntendouel.y b.etween. two 
successive d .a;rs o-r obs·ervations. All quantities 
meaeured wero tfl.bula ted end plotted, and, in the 

absence o1: mol'e detailed in:tortm. tion, 1he points 
were joined by st~aight lines, '.lhese sudden 

variations between euecessi.Te readings and 
between alternate days are illustrated in figs , 

1 . 29 and 1.30, which compare the oondi ti ons of 
the P'2 layer· on the 8th and 10th February. l94.6 . 

As will be pointed out in a later ~ction, these 
disturbances seemed to be correlated in somo 
manner with magnGt ic disturi>~ces md with 

disturbed conditions on the sun, It. will be 
noted that between 8 and 13 houtts on the 8th 
no ret'lecti ona could be obtained owing to ~ 

radio fade-out, or Dellinger effee~. 

(111). Regular· seasonal variations ware observable even 
over/ 
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over the short period o~ 4 months~ investigation. 

Most notable among these was the appearan.Ce of the 

F1 critical frequencies: while in December and 
January the F1 crit~eal frequency was very sharply 

and ulllliatakeably defined. as in fig. 1.24, during 
the months at November and February this layer 
only mani:f'estea itsdlt' :fol' a "rew hours in the 

m1.ddl~. of 1he day as a change in gradient in the . ' 
record. 

Under the circumstances, in order to eliminate 
hou:rly and daily nuotuations. it waa decid:e<l to calculate 
the mean values -ror each hour of all the quantities 
measured over monthly periods. Aa there were 16 days 

o~ re11fl1ngs for Januaey and only 14 f'or February. tile 
31st o:f January wu ineluded in 1h-e February readings; 

tbroughont this work~ whenever the results for February 

are mentioned, 1 t is to be under-stood that they include 

this day~ We thus have 4 periods· o~ 30 days duration, 
each ineluding 15 days of readings. These mean values 

are shown in tables 1:4, 1:5 and 1 :o • . 
The probable deviations r were calculated by 

Peter'"s formul.a 

• • • • • • ( 1.6) 

where t~1 is the dev1ation of the ith reading from the 

mean and l!L is ih e total number o:t readings over which 
the mean is taken. These probable d eYia tiona are added 
as !ln. index of the seatte.r of' 'the individual values 

about t..ll e mean. 
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firne NoTeniber- December January l'ebraary 

(hours4 
}{ r li p N p B r 

6 o.642 0.062 0.594 0.059 0.451 0.042 0.464 0.061 
7 0.897 0.047 0.890 0.030 0.796 0.040 o. 791 0.088 
8 1.193- 0.053 1.178 0.040 1.074 0.042 1.166 0.11 
9 1.424 0.075 1.382 0.057 1.310 o.04o 1.400 0.11 

10 1.576 0.084 1.508 0.042 1.477 0.058 1.621 0.092 
11 1.658 0.104 1.616 0.061 1.560 o.o64 1. 720 0.15 
12 1.724 0.115 1.693 0.067 1.641 0.078 1. 779 0.16 
13 1.724 0.104 1.698 0.097 1.630 0.092 1. 714 0.13 
14 1.588 0.079 1.572 0.101 1.535 0.084 1.679 0.15 
15 1.439 0.064 1.428 0.108 1.441 0.085 1.540 0.092 
16 1.271 0.039 1.218 o.os6 1.268 0.074 1.408 0.092 
17 0.960 0.071 0.995 0.054 1.041 o.o59 1.136 0.081 
18 0.649 0.054 0.678 0.049 o. 738 0.051 0.768 0.076 
19 0.3.5 - 0.36 - 0.447 0.039 0.45 -

Table 1;4(a)- liean values o~ N (electrons per cm3 x 10-5) 

fo'# the E l111el' 1 
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" 

1'1me lfoveni>er· December J&.nlla.J7 Pebruar7 

(hours~ lf r li p li ~ 1f r . 
-. 

5 - - o.ao - - .... - -
6 1.7 - 1~50 o.oo 1 .. 60 - - . -
7' 2•26· "0•29 2.12 0.20 2t.05 0•14. 2•01 0.23 

8 2;58 0.15 2:.44 0. 15 2.38 0.11 2•36 Oe18 

· 9 2e73 Oe21 2 .• 66 0.11 2.56 0.10 2.84 0.091 
10 2,93 0•23 2·. 73 0.12 2.69 0.10 3.00 o.i5 
11 3t.18 Oe19 2.82 0.15 2.77 o.os1 3.11 0.18 

12 3.17 0.12 2.81 0.11 . 2.80 0.10 3.25 0.22 

·13 3,00 Oe18 2-.79 0.12 2.72 0.14 3•24 0.24 
14 2.88 Oe18 2.67 0.16 2~77 o.oas 3.16 0.16 

15 2.68 . o.1.a 2.,65 0.15 2,67 o.1o 2.95 0.14 

16 2 .. 43 0;.13 2.43 0.13 2.51 Oa12 2.78 . 0.10 

-17 1.98 0.12 2.06 0.15 2o14 0.097 2.37 0.26 

18 1. 79 0.17 1,62 0.14 1,64 o.o76 1.89 0.061 

!fable 1;f!,b} .... Mean values ot lf {electrons per cm3 x 1o-5} 
f'9r tbt r1 lqer, 

\ 
\ 
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Time Noveni)er December January February 

(hol.lrs: • r If r N p- X r 

0 3.01 0•43 2• 79 0•52 2.14 0•32 2.36 o.3o 
1 2.83 0.3.5 2.57 Oe35 2.01 0.27 2.07 0.28 
2' 2 • .58 0.38 2e39 0.44 1. 79 0.29 1.91 0.26 
3 2.36 0.40 2•27 o.44 1.55 0.29 1.84 0.33 
4 2.03 0.31 1.97 0.52 1.46 0.39 1.67 0.31 
s 2.46 0.36 2.30 o.so 1.56 0.31 1.49 0.30 
6 4.79 0.44 3.67 0.91 2.97 0.30 2.66 0.40 
1 6.56 1.00 4.77 0.95 4.06 0.31 4.89 0.56 
8 8.16 1.3 5.19 1.3 5.51 o.63 6.61 0.95 
9 9·41 1.6 .5.83 1. 7" 6.31 1.0 s.6o 1 • .5 

1.0 9.93 1.6 6.88 1.9 6.57 1.2 10.06 1.9 
11 10.94 1.8 1·39 2.3i 7.07 1.4 10.60 2.0 
12 11.80 2.1 7.99 2.2 7.19 1.4 11.28 2.1 
1.3 11.94 2.0 8.03 2.2 7.02 1.4 11.97 2.2 
14 1i.66 1.8 7.78 2e2 7.27 1.4· 12.31 2.3 
15 11.27 1.6 7.58 2.0 7.25 1.6 11.71 2.1 ., 

1.6 16 10,80 1.6 7·47 7.21 1. 7 10.33 1.7 
11 9.87 1.4 7.19 1.6 6.90 1.5 9.02 1.4 
18 9e43 1.5 6.76 1.6 .6.25 1.3 8e31 1.2 
19 8.52 1.5 6.33 1·5 5.55 1.1 7.58 0.89 
20 6 e91 .0.94 5.41 1.1 4.57 0.82 6.15 0.82 
21 4·78 .o. 79 4e21 0.72 3.86 0.84 4.45 o.67 
~2 3.51 o. 55· 3.30 0.67 ~.91 o.61 3.33 0.66 
23 2.99 .0.40 .2.76 0.37 ?-.27 0.35 2.57 0.33 
24. 2.79 .0.38 ;2.62 0.32 2.03 0.36 2.19 0.33 

,, 
' . . .. 3 -5 

Table 1:~{c) - ~ean value s of N (electrons per em x 10 ) 
t •. .• 

f__or ihe 1' e la:.zer t .. 
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1f1me 
Noven'iber Decembet-' January hbt-UfU'Y' 

(hours) ha p llu r ~ p hu r 

6 131 8.9 121 10· 1-13 24 143 11'-
1 119 4.8 113 4·1 112 4.7 119 5.5 
a 1.21 2.0 117 2.5 114 3.4 113 3.2 
9' 1,2() 2.3 119 1.4 11.4 3.9 114 2.6 

10 120 3.6 1:1.6 2.1 113 4.0 1.16 2•6 
11 119 2.6 · 11'5 2e5 i11 3.0 114. 4.8 
12 121 4~4 1.11 3.7 1~1 3.4 114 2.6 
13 121 4.3 114 3.2 110 3.1 112 1.4 
14 118 s.o 113 3·0 111 •' 3.1 114 2.5 
t5 118 , . 3.6 115 2.8 116 ' 1.6 114 3.1 

··16 123 4.8 115 3.7 116 3.9 114 3.6 
•17 119 '~5.2 113 3.3 114 5.1 -11:6 4.0 
'':18 123 9.1 114 5.6 113 3.8 111 4.4 
1.9 116, .... ... ... 114 - - -

.. . 

. ~ttb ~e 1 1 ~( !!.l.,.: , !lean v~lues o~ hJi ( km1 / tor . the E layer 1 



- 38-

Time lfovember· DeceDibeP Jen.uary February 

(hours) ~ J! by p ~ 'If n, p 

5 - - 36.5 .... - ~ - .. 
6 260 - 256 18 275 - - .. 
7' 225 22 230 10 220 14': . 240 7.} 

,, 
9·. 3 

.. 
8 225 14 222 13 216. 219 10 

.. 
206 ~06 

: 
216 a·. 7 ·9 209 -13 13 13 

10 194 17" 186 12 182 10. 203 22 
11 200 24'" f88 10 177 14 196 1' 
12 196 16 172 22 171 13 203 21 

13 200 15 .. 181 14 ~64 1:r 198 1~ 
·14 199 12 

,. 
194 15 195 

.. 
19 203 1Q 

-15 2o6 17' 217 1.5 200 15; 207 11" 

16 221. a·~ 7 . 217 . 9.8 196 22 215 10' 

17 214 7~ 1 227 18 209 9.0 220 21' 
. . 

244 18 235 .... 7.7 . 223 13" 232 3.9 
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'rime •ovember December'· January February 

(hol:ll"s) l1g r bu . p ~ 1" hu r 

e 357 14 356 16 334 20 342 10 
1 342 14 351 25 334 15: 357 2.7 
2 325 14 361 31 321 18 359 34 
3 339 14. 350 42 306 14 358 38 
4 339· 14 340 33 319 18 350 30_ 
5 326 12 327 22 309 12 ~52 3~ 
6 295 14 '317 23 284 12 315 23 
7 309 1.8 313 24 283 11 302 20 
~ 331 15 '339 26 305 12 319 21 

16 
,, 

9 332 1'2 336 '19 313 334 22 .. 
10 333 1.8 334 1.7 318 23. 336 20 
11 339 19 357 35 327 16 342 24 
1<2 339 18 319 24. 334 14 341 24 
13; 342 14 326 18 339 24 337 14 
14 340 1.0 335 18 326 18 332 11. 
15 333 13 331 14 317 26 328 1} 
16 323 11:· 327 13 304 22 321 12 . ; 

17 315 12· 312 16 295 15 306 15 
i8 310 13 ,315 15· 293 ·11 306 7.f 
19 304 8.7 302 9.0 294 10 299 12 . 
20 303 12· 310 9.0 311 20 297 11 
21 .:;oq. 9.4 319 17 315 21 302 10 
22 328 11 320 18 321 20 324 22: 
23 341 14 345· 14 340 23 328 19 
24 365 15 348 1) 340 20 354 23 

·, 
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Time liovember· December JanuaPy Peb Pl1e.~y 

(hours; -~ r hm r ~ - l"· ~ r 

6 101 2b. 98 20· 51 90 122 18 
7; . 99 10 97 9. 0 87 11 · 87 12 
a· 104 .;.o 104 6. 8 . 96 7. 6 94 9. 9 
9 105 7. 8 .1()9 .5.9 100 4.1 iOO 5.1 

10 105 . 7. 2 104 J.t .• 8 . 98 6. 8 102 6. 9 
11 102 7.2 106 5. 9 100 LJ .• 5 97 8 • .5 
12 102 8 ;, 7 96 10. 7 100 6.8 1'00 5.2 
13 107' 9. 4 105 7. 8 97 ~ .• 9 95 6.-.6 
14 101 9.6 105 7. 5 99 Lt-•5 94 6. 3 
15 106 7 •. 3 102 6 . 8 .102 4.8 92 7.8 
16 i07 6 . 0 100 10 100 7.5 92 6.4 
17 93 13 90 12· 93 13· 94 8. 7 
18 93 2.2. 103 9. :) 92 6.,6 90 Q 9 ., . 
19 .. w - ..... 98 .. - -

' 
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Time Novenibe.r December- January . Pebruary 

(bou.ro) ~ I!' ~ p h. r hDl Z! 

6 ,.. - 292 - - - ... -
6 215 - 167 27 245 . - - -
7! 1771 32 162 13 144. 19 -172 17 
8 -162 17 149 27" 123 20 139 25 
9' 128 24 92 3>1 109 34 132 21 

10 58 70 49 34 69 26 111 46 
11 68 62 61 43 64 40 101 35 
12 60 58 0 51 72. . 4-1 83 46 
13 95 2-5 44 34 54 51 11 39 
14 86 33 . 69 40 82 56 94 34 
15 11.6 28 1't3· 40 81 57 123 21 
16 156 21 -125 23 66 48 

' 
137 22 

17 145 17 150 28 _121 29 138 32 
18 205 ... 208 13 179 18 . 191: . 13 
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'rime Novembel'· Deceniler· January February 

(hours) ~ 11 ~ J!' hm p hm r 
., 

0 257 7.3 261 .16 239 18 231 16 
1 241 . 113 249 17 243 16 245 18 
2 236 17' .. 2.52 13 23-1 17 24.5 28 
3 · 239 t2 . 249 29 221' 20 246 38 
4 23·7 14 238 20 225 24 249 37' 
5 23'1 14 . 224 13 235 15· 245 35· 
6 204 13 209 29 204 15 217 12 
7 202 27 192 34 152 38 201 17 
8 210 23 15.5 46 .174 29 205 17 · 
9 211 2·3 198 39 1n 39 208 15 

to 186 43 200 26 203 48 209 18 
11 20~ 42 223 63 · 203 34 2·10 19 
12 20.3 53 .181 53 210 31 · .. 216 32' 
13 2~9 18 198 47 218 29 2·12 23 
.14 222 26 205 3~ 218 29 a16 .14 ·. .. 

15 230 18 . 203 26 211 33 . 215 ·15 · . 
16 2~!5 17 221 21 ·i99 24 222 14 . 
17 233 15 212 10 199 21 202 25 . 
18 234 12 2:16 12 210 12 212 1.0· . , . 19 216 · 12 204 .14 207 ·12 212 . 9.4 ·. 
20 210 1i 212 16 203 :18 201 9•9 
21 206 ~0 216 13 211 17 205 . 9. 6 
22. 225 12 225 15 222 13 223 f7 
23 252 14 236 18 235 19 . 234 18 
24 265 10 252 14 242 .11 245 29 

' 
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Correlation with magnetic actiTity. 

An examination or data -ror individual days shows at. 
once that a large c·ontribution to the pl'obable deviations 
eomes from certain days, which may be described as 
"ionospheriee.lly disturbed". Such a day was the 8th 
of February 1946, ro-e which tho graph has already been 

shown in riga. 1.29 and 1.30. 

It is well known that high magnetic activity 1a 
generally aeo~panied by ionospheric disturbance• (1~32) 
( 1: 33). It seemed of interest thel"Stb re to attempt a 
correlation between magnetic data and ionospheri~ conditions 

especially since no eor:nelation other than with critical 
fre~ucneiea and virtual heights have been .reported in 
the literature. 

Unt"or tunately there is no magnetic observa.toey in 
Grahamstot~n, the nearest one being at H rmanu£, a.P., 
approximately 500 mil~s away. Magnetic three-hour­
range indices ( 1 :34) and daily character figures :t'or 

the four months in question were kindly supplied by 

Pro~essor Ogg ~rom this observatory. 

The product-moment correlation coefficient, p , 
between two val'iables is defi ne<i by: 

'[ q 
• • • • • • • ( 1.7) 

where x and y are ~orPesponding deviations from the mean 

for the t wo variables. Correlation coef'f'icients were 

calculated by this fomllla for variono ionospheric 
quantities against the magnetic three-hour range indices. 

As/ 



Aa tre ·1etttcr aPe measures of the magnetic disturbance, . 
which must be interpreted as the deviation from qaiet 

e.on.dit1ons , the quantities correlated wl. th them were not 

the ionospheric values themselves, but their deTiatione 

from their mean values. 

!2 lazer, 

Let AN be the deviation of tile ID!lximu e1 ectron 
density If f'ront the monthl7 mean 'I' at that t1 me at day-. 
A preliminary corre lation was attempted or the three-

hour rang index k w1 th the largest jAif \ in tl'l.e eo rrespond­
ing three-honP period, but pl'oved to be 1ns1gn1f1can•. 

A evcond attompt was m~de by correlRting over complete 
days: the k* ~ ~ere added up (f'or the whole day), 

giving ~k .. ~d ~11 the r~ 1 .one :tor each hour, were 

sunmed to g ivo E ,A; J· The two ::~u.ms wGre then correlated, 

\11th the resnl ta shown in table 1 :7. 

llonth :Novembel' Deeeniber Ja~ary Pegruar'Y 

f 0.494 0.467 0.24.7 0.637 

Table 1;1- Correlation coe:f:ficients of ~k with E,~ lf' J· 
Aeeording to !fisher ( 1 :-35} all 'lhe p' s, exeep" tha,, :rot­
January are Bignif'iea.nt. 

The deviations of the heighta cL maximum electron 
density, .1hx, were next correlated with the k • a as 

follow$/ 
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follows: since the k ie determined f'.mm th. e maximum 
swing of the mgnetometer over three houh, the 

max1mwn values of Aha oYer the same 1h ree-hour periods 
were aelected SD.d &tmllDad for each of' the 15 days, 

~~Ahyj max• These EJL1huJ max were correlated with Ek, 
as defined above, w1 th tbe fo llow1ng l'e aul ta: 

Month Novelli>&!.' DecembeP January February 

p o.340 0. 769 0.749 0 .. 390 

'lablo 1 ;8 - OorP.elation coefficients of Ek with EIAbxJ max• 

Again referring tn Fisher, the correla tiona f'or Decembe» 

and January are veey significant, but those for Hoveni:>er 
and February are not ao eneoubaging •. 

It was thought that a better correlation would .be 
obtained by t!lk:ing account of' the signs of {Abu)max, and 
the correlation was repeated using th signs. 

Month lioveDiber December- January February 

p -0.222 0.789 0.826 0.496 

Table 1:9 - Correlation coett1cients o£ Ek with E (Lllly)ma.x• 

This ro nf'11'mB the corral ation for the middle two montha, 
improve a that !'or Fobruary, and remains insignit'icant for 

Noveniber. 

In order to avproximate more nearly to a quant~t7 

which would be 100 re analogou.a to the three-hour ra~e 

index k, the di tterenees between the largost and smallest 

values of~"''8by>max - (~)~., oYer three-hour periods· 
were/ 
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were taken and added u;p• for each of the 15 day periods. 

The values '!~ L:F~>max. - (hx)m1J were again oorrel a ted 
with the Ek' s . 

Month Hovetriber December January Fellru~ry 

p 0.399 0.7i4 o.625 0 . 500 

Table 1: 10 - Correl ati on coef't'icients of l:k 

with E~bx)ma:xr- (hr.i)mnJ... 
This is more consistently good than any o-r the others. 

Tables 1: 7. 1:8, 1:9 and 1:10 establish with reaso~ 
able certainty the ~aot that a day with a large Ek 
(i.e . , a magnetically disturbed day) at Hermanus is 
likely to be eharacteriaod by dioturbed co nditiona in 
the F2 l~yer over Grahamstown. In order to establish 
whether this eorrespondenae extends down to individual 
three-hour periods~ a further investigation was made. 

The individual v&ues o~ ~hM)max- (hx)m1J were 
plott,ed against theae of k on .a correlation diagram 

and the p"s were calculated by the product- moment method 

(1:36). 

Month·· November Deoember.- January Feb.ruar~ All 

p 0.063 0 .410 o.379 0.304 0.303 

Table 1, 11 ... Correlation coefficients of k 

:. with ~h >max- (hu:)min] .a. 

Althoueh numerically these appear to be worse than the 

previou.s tables, it should be remembered that there are 
no\/ 8 pair:l o:r values fo .r each of 15 days, 1, e ., 120 

pairs/ 
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pairs for each montn. Reference to Fisher's table shows 
that in all months, except November, the correlation is 
definitely significant. The value 0.303. obtained by 
using all the 480 pairs of values shows a probability of 

less than 1 in 500 that the arPaDgement should be due to 

chance alone. 

Corresponding with table 1:8, the tnree-hour period 

correlations or ILlbxJmu w1 th k are shown in ta1Jle 1:12. 

Month lfo"t'euibe r December Januaey February 

f o.o16 0.468 0.393 0.268 

'J!able 1; f2 - Correlation coe:f':ticients of k w1 th JAhy lmax• 
Again these are significant w1 th the exception or November. 

Finally the three-hour period equivalent of table 
1i9, i . e . , (A~)max, with correct sign, was .worked out. 

Month November- December J~uary February 

f 0.075 0.313 0.321 0. 432 

Table 1:1~ - Correlation coef':ficients of k w1 th (.1~)max• 

. From these tables 1 t is evident that magnetic 
activity is accompanied by ionospheric disturbances, 
not only over whole days, but also oveP individual. 

three-hour periods. 

The exceptional behaviour of ~ month or Jloveltber 

seems to call . for comment. In table 1:14 the· sums or 
the k 1nd1cea, ksum' for the four months are g i ~en, and 
1 t w111 be no ted that tb. at for November is lower than any 

or/ 
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Month November DeoeB'i>er January February 

ksu.m 390 488 438 506 

Table 1 ; 14 .... Konthll $UQ of k indices, 

of the others'; !,e._ • November was magn-.tically the 
quietest month of all. In tact t~ere was not a s 1 ngle 

day with magnetic character figure 2; and only thttee 
days with a 1. 

The lack of correlation tor November may then be 

explained by 1he :tact 1ha t the small magnetic activity 
was probably localised at Hermanns and its effect eould 

not be observed at Grahamstown• while similar local 
magnetic (and probably ionospheric) distn_rbanees at 
Grahamstown d1 d not extend as tar as Hermanus. In 
December and January, on the other hand• most ot the 

correlation comes from l~ge disturbances which are 
known to be of a more general nature, 

The lower correlation in Pebruar.y, in spite at the 
large magnetic disturbance. may perhaps.be attributed to 
the influence of sunapoto, sol~ tlarea, etc. tor which 

that month was noteworthy (1:37). Shapley, in hia 
attempt at short-term forecasting of ionoepherio 
conditions (1:33}, attributes approximately equal iDrluencea 

to magnetic end to solar condi tiona. It is augge a ted 

that these solar ef:f"ecta may have masked the ettect of 

the magnetic d1sturbanooa. 

~ layeit. 

Corral. a tiona of whole day sums of .EjllHJ with Z:k, 

and/ 
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Month Novenfber December JanuarY PebruarY 
f' (~!All l) 8.001 0.373 0.304 0.576 
p (EIA~' max; 0.308 o.43f 0,124 0.278 

Table 1;15- Correlation coefficients o~ Ek 

with L! IAJJ I and 1: J£\bxl ~ 
and of ~~.£\~1 max with Ek were worked out and are shown 
in table 1:15. There is et"idently little eo rrelation 

here, but what there is ~ollows the trend or the e:N'ects 
noted in the F2 region. 

E Ia:ver, 

Correlation was only attempted for the maximum 

electron density deYiations I~NI over three-hour periods, 
because of tie snaller percentage accuracy with "hich 
bx may be scaled :trom 1he recorda and also because or the 

yer.y small variations to which this height is subject. 
As shown in fig, 1:16, the correlation is insignificant. 

Month Hovel!i>er Deoemben January February 

p o.384 0.414 -0.048 0.194 

Table 1:16 - Correlation eoetticients o:t E k with EIA• I.L 

\lc conclude that laJtge magnetic disturbances are 

mainly associated with ionospheric disturbances in the 
F2 region, and bear little relation to variations in the 
E and F 

1 
regions. 1'he effect o~ small 1n9.gnetic 

disturbances, which are presumably or a 1 ooal character, 
on the ionospheric regions, cannot be gauged when the 
magnetio data are supplied by a magnetic observatory 
as ~ar alay as 500 miles. 
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Smoothiy of Ileana, 

As 1 t was int@.ded to UlJG the f1 ntP- results of 
this part of the wo,rk ~or comparison w1 th the theory 
to be developed in. later sections, and since. such a 
theory makes assmnp'tions of quiet oondi tiona, 1 t was 
deemed desirable to eliminate any large .disturbanees 
from the monthly means tabulated earlier. 

The correlation ·vd. th magnetic activity indicates 
obviously the :f1 rst step to be taken in th 1s direction. 
Since periods of high magnetic activity are aoeompanied 
by disturbed ionospheric conditions, they should be 

·eli minated from the means. 

Accordingly, the following criteria for rejection 
were adopted :tbr all the 1 ayer~u 

{1) All days w1 th magnetic ch~acter figure 2. 

(11, All three-hour periods ror which ~he k index was 

greater th~ 4_. 

On th i .e •asia the following days were rejected; 

14th DecembeP, 3Pd Janttal7' 1 8th. FebruaeyJ and the 
following periods: 8th Nov:embel'l, 17•20 hours; 24th 

Deeeniber~ 11-14 hours; 17th Janua17~ 11-14 hours; 
14th February~ 8-11 hours; 20th February, 2}.24 houra; 

22nd :February, 11- 14 hours. 

The means and probable deviations were then re-
calculated. I t was. :found that s::>me large deviations 
still persisted. and, after some deliberation, the more 
outstanding . ones were removed, using the w e~I established 
test that deviations larger than three time& the 
probable deviation are unlikely to be due to chance 

alone/ 



- 51 -

alone. The final, adjus ted means, with. their probable 
deviations , are tabulat ed in t~bles 1t17, 1; 18 and 1:19, 
and are shown graphically i n figs. 1.31- 1.43. 

Time Nov-ember December January February 

(hours) :tl r • p N .P. N r 

6 0.655 0.062 0.579 0.061 0.447 0.041 0.464 0.061 
7 0.897 0.047 0.882 0.030 0.795 0.033 0.768 o.o94 
8 1.193 0.053 1.178 0.041 1.085 0.038 1.165 0.12 
9 1.424 0.079 1.398 o.o61 1.310 0.036 1.379 0.11 

10 1.571 0.079 1.531 0.053 1 .. 5o6 0.054 1.615 0.094 
11 1.648 0.101 1.608 0.055 1.584 o.o6o 1.807 0.14. 
12 1. 773 0.10 1.650 0.070 1.657 o.oas 1.876 0.11 
13 1.762 o.o94 1. 708 0.12 1.650 0.10 1. 765 0.090 
14 1. 597 0.071 1.518 0.11 1.582 0.098 1. 745 0.16 
15 1.433 0.063 1.404 0.11 1e4.S9 0.097 1 .. 564 0.081 
16 1.281 0.039 1,244 0.083 1.301 0.073 1.437 0.085 
17 0.964 0.073 1.016 0.051 1.039 0.062 1.132 0.084 
18 0.651 o.oss 0.710 0. 051 0.739 o.os6 0.764 o.oao 

Tab1e 1t17(a) - AdjusJ-ed wean values 
of N (electrons J?9r em, 3 x 10-$) :Cor tm E layer.; 
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Time 
November December Janu~ February 

(hours) If r lf ' lf p K r 

7 2.29 0.29 2.07 o.2o 2.06 0.15 2.08 0.23 
8 2.58 0.15 '2.47 0.14 2.38 o.12 2.39 0.20 
9 2.78 0.21 2.67 0;.099 2e60 Oe095 2.85 o.o16 

1:0 2.92 0.26. 2~t70 0.11 2.70 0;.081 2.96 0.12 
11 3 .20 0.20 2.84 0 •15 2e80 0.071 3.16 o.12 
12 3.23 0.095 2e82 o.12 2.82 0.11 3.34 0.20 
13 3.00 0.18 2.87 o.1o 2.68 0.14 3.23 0.25 
14 2.91 0.18 2.70 0•14 2•78 0.074 3.~2 0.11 
15 2. 72 0.18 2. 68 0.14 2.67 o.1o 2.96 0.18 
16 2 .46 0.13 2e48 0.13 2.51 0.12 2. 76 0.10 
17 1.99 0.13 .2.16 Oe097 2.13 .o. 099 2.42 0.23 
1.8 - "" 1.62 0.14 1.64 0.076 1.89 0.061. 

Table 1t17(b) • Adjusted mean values 
of N {eleetrons per em? x 10-5) ~or the P1 layer. 
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!rime November Decembe!" Jannary Februa.ey 

(hours) N r 1{ r N 1! If r 

0 2.91 o.43 2.64 0.41 2.18 0.33 2t.19 0.26 
1 2.83 0.35 2.46 0.28 2.05 0.27 2.12 0.24 
2 2.58 0.38 2.31 0.42 1.82 o.29 1;.96 0.22 
3> 2.36 0.40 2.26 0.46 1.56 0;.30 2.02 0.25 
4 1.96 0.31 1;.81 0.55 1.46 0.42 1;,83 0;,24 
5 2.46 0.36 2·•36 0.50 1.54 0.31 1.60 0.28 
6 4.79 0.44 3;, 76 o.B9 2•88 0;,31 2.67 0.35 
7 6.56 1.00 4.91 o.,go 4.17 0.34 .5.02 0.36 
8 8.44 1.3 5.40 1;.3 5-.72 o. 65 6.77 0.68 

·9 9.08 1.6 5·97 1. 7 ' 6.58 h,O 9.22 0.96 
10 10.29 1.6 7.12 1.8 6.90 1.1 10.24 1~2 
11 11.85 1.8 a.o2 2.1 7.34 1.5 11.09 1.6 
12 13.07' 2.0 8.37 2.1 7.18 1.6 12·.17 1~8 

13 12.37 2.0 8.,60 2.1 7a04 1.5 12.40 1. 7 
-14 12.07 1.8 8.28 2.3 1·09 1.5 12.28 1.8 
15 11.69 1~6 7 .. 86 1.9 7.09 1;6 12.54 1•5 
16 11.16 1.6 7.72 1.5 6.99 1.6 11.07 1 ~- 2 

17 9.89 1. 5 7·33 1.4 6.44 1.1 9.42 1.0 
18 9·39 1.5 7·04 1.5 .. 5.90 1.1 8;.66 0.86 
19 8 • .56 1.5 6.25 i.4 ~5.35 1.1 7;.87 0.63 
20 6.89 0.99 s.6o 0•99 4.54 o. 78 6. 37 o.64 
21 4.58 0.79 4;.30 0;.70 3.48 0.72 4.72 0.58 
22 3.51 o.ss 3.35 0,68 2.61 ·o.56 3.45 0,63 
23 3.08 o.4o 2.67 o.39 2.35 0.37 2.57 0.29 
24 2.79 o.38 2.54 0.36 2.16 0.33 2.2.5 0.30 

Table 1t17(c) - Adjusted moan values 

qf .N 'elegtrona per em~ x 10-5) for the P'2 layer, 
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., 

N~vember Deceniber. January. Febl,uaey 

hs ·r ·~ r 'by l'· ~ 
131 8.9 118 11 130 -· 143 
117 ~.8 1 .. 15 3.3 11} 4.1 121 

1.21 ~-o 118 2.6 114 3.!'0 1.13 

119 2".2 119 1.5 -114 ,, 3 .• 2 1·15 
121 3.5 116 2.1 1.15 3!'6 116 

118 2!'7 115 2.7 .112 3.4 117 

122 5.~2 1.99 3.6 111 3'.4 113 

119 4.0 114 3.4 1.10 3 .. 8 113 

1 ~9 4,.8 113 2.6 1t2 ,;.6 115 

118 ,~5 116 2.0 ·1.15 2.4 116 

1?5 4.~3 1~4 3.4 115 4.2 115 

1~9 .5~5 115 3·8 114 5•1 115 

127 a.o 114 5.6 114 3.8 113 
' 

Table . ·1; 18~a) · - Adjusted mean. values 
of· hri (kin.) for the m l&.l!'i-t 

·r 
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Noveniber Decentber Jamtary February 

ha r ~ r by r ba 
238 22. 2'Z1 ' 11 224 11 . 237 
225 14 225 14 215 9.7 219 

213 13 . 200 -14 203 1·3_ 219 
199 20 180 10 -179 11 205 

197 26 185 11 182 18 189 

195 19 -166 20 179 12 200 

200 -15 .180 11 162 13 192 

200 13 194 16 198 21 202 .. 

206 18 215 14 199 16 204 
221 8.7 22.0 11 198 20 214 .. 
214 7. 6 228 19 · 209 7.6 214 

-- - 244 8.6 220 12 232 

Table 1t18(b) - AdJusted mean values 
of bog C ktJ?. ) for the i' 1 lyer, 

1--
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11 

9 .. 0 
21 

14 
24 
18 

13 
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10 
18 
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17 
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19 
20 

21 

22 

23 
24 
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November- Deeeni>eP January Pebl'Ua.ry 

ha r hy .r ~ l" hx 
357 14 . 354 16 328 21 339 
342 14 354 24 337 15 348 
325 14 351 29 320 19 337 
339 14 320 35 306 14 335 
335 14 326 30 323 17 334 
326 12 315 18 311 11 · 336 
295 14 309 16 287 9.7 306 
309 18 301 14 283 1'0 294 
331 15 335 25 306 12 307· 
332 12 335 -17 319 11 318 
339 18 325 16 328 17 319 
347 19 352 35 321 18 . 334 
348 19 338 1.5 332 14 3lJ-3 
348 14 333 12 326 21 337 
344 10 341 14 323 17 330 
333 13 334 10 314 15 330 
323 11 324 11 296 14 322 
320 13 319 12 292 11 311 
311 12 313 15· 290 9 . 1 303 
305 8.5 301 8.2 292 9·1 29-7 
302 12 - 307 7 .. 4 299 7.8 291 
308 9.4 314 14 306 12 299 
330 11 312 16 312 12 317 
344 14 338 15 335 16 322 
360 1.5 344 11 333 15 340 

Table 1:18(c) - Adjusted mean 'Yaluos 
of I;, ( lan. } for the F 2 layer. 
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20 
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14 
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18 
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17 
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21 
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Novenibe.r:- Dece:rrber January February 

l)n P. hm 1!' h 
m 

·r hm 

109 24 98 22 · 116 - 122 

99 10 95 8•8 90 9.2 89 
104 5.0 1o6 6.4 98 7.2 94 
108 7.9 109 5.9 101 3.3 103 
102 7.2 101 3.1 '98 a.o 103 
101 6.9 105 6.5 100 4.8 93 
101 7.8 90 12· 99 7.3 99 
109 9•0 105 9.5 95 s.o 94. 
100 9.4 106 7·0 98 4.3 90 
103 7.6 1o6 5.6 101 4.7 93 
108 1 5.1 102 ' 8 .. 0 98 7.1 93 
94 14 ' 87 14 96 11 93 
95 23 103 9.3 9.3 7.0 90 

!ftble 1:19(a)- AdJusted 1manvalues 
of Pm (km1J for t he E la.yer. 
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--
November- December January February 

hm r hm r · h m I" hm 

177 32 .16.5 13 147 18 .182 

163 17 150 29 122 20 144 
128 24 90 29 119 35 149 

75 80 60 .38 78 22 132 
70 58 65 51 82 51 f.7 
82 70 35 54 97 41 109 

95 2.5 66 34 54 50 60 
95 35 6:; 47 92 61 89 

125 29 125 35 88 59 12.6 

156 n.l> 
£ 1 -116 21 82 50 136 

153 18 152 32 132 2.4 156 

- - 215 14 176 16" 191 

Table 1;19(b) -Adjusted ~ean values 
2!.....hm !km. } for the F 1 layer. 
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26 
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47 
21 

52 
46 
40 
20 
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NovembeP Deoenber January Pebruary 

~ • hm r:· hm 1!' hm 

257 7.3 260 17 239 19 231 
241 13 2.50 19 244 17 238 
237 17 250 12 232. 17 231 
235 12 246 28 228 21 224 
234 14 231 21 225 27 227 
231 14 223 13 239 16 236 
204 13 195 18 206 14 222 
.217 27 192 30 151 34 201 

217 23· 143 37 167 30 196 
219. 23 206 40 185 40 207 
206 43 197 27 232 35 204 
228 42 .238 56 203 38 214 

233 57 221 18 222 36 235 
240 18 217 30 205 30 215 
233 26 212 23 212 28 220 
237 18 219 27 210 28 217 

239 ·17 221 21 199 22 225 
236 15 : 215 8,5 192 16 215 

234 13 219 7.7 212 12 216 
220 -13 203 15 206 12 210 

208 11 207 13 197 -11 200 
214 20 212 11 203 11 203 

225 12 1:18 14 220 12 219 
252 14 229 f6 230 18 224 
265 10 246 13 238 10 237 

Tablo 1;12(e) - Adjusted mean values 
of h (km,} for tho P 2 tmr, · 
-m 

p 

16 
11 

15 
12 

18 

29 
12 

18 
16 
14 
21 

16 
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15 
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14 
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8.9 
14 
17 
27 
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Since graphs o~ tha type. of tigs. 1.40- 1.43 have 
not previously been published, it sesma ot interest to 
comment on their gene~al features. 

E la.ye~. 

. Electron densities :ro r this .layer could be observed · 
only during the daytime. as during the night the ~ 

.fell below the lower limit of the transmitter. The · 
values of these qu~t1 tiea rise to a maximwn about 

lo~al noon .( 12h 14m s. A. studara Time). and :f'all oft 
evenly on eitheP side of it, showing no. marked seasonal 
ettect. 

The l;,.1 s ~or the layer ~ remal"kably constant at 
about 11.5-120 km. during the d·ayl·ight hours, ~1 ,_h a 
semithickness of something less Ulan 20 km.; there 

seems to be some indication· of a :tall in height o:t the 
layer between 6 and 8 hours, 

~ layer, 

In this layer seasQnal effects are more marked, 
As .for the E layer, the electron densities rise to a 
maximum in the middle of the day and :f'all ott :fairly 
evenly on eaoh side. Tl'e maxima in November and 

February (approx. 3.3 x 105 eleetrons per. em?) are 
eonsiderably highe~ than those of 2.85 x 105 electrons 
per em~ found in Deeelli>er s.md Janusry. This is a 

surp.rising result in view of: the fact that the sun is 
more nearly ove.rhead, and VD uld therefore be ex~cted 
to produce more ionisation during the two midsummeP 

months. This may reasonably be attributed to expana1on 
due to heating: . a si.milar explanation has been put 

forward to explain the same phenomenon in the P2 region. 
The graphs/ 

\ 
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The graphs of the true heiejl ts give a vivid 

illustration of t he manner in which this layer is 

differentiated from the l' 2 layer only dUl"ing the 
daylight hours: it will be seen that near sunrise and 

sunset its ~ rises into the :r2 region; during the 
night, of oourse, it combines with the F2 layer to 
~orm what is usually ter.med the "~ regionu. 

The P1 layer appears to acquire amazing thicknesses 
during the midday period, overlapping completely the E 

lays r in some places; semi thieknesse e of 120 km. and 

more a re not uncommon. Tho literal interpretation is 
obviously erroneous, and mast be-attributed to the fact 

that the layer is not parabolic - agreement -ror the 't"t a 
during the sealing was usually very poor. An alternative 
explana tion is tha t the layer is parabolic only near the 
ma.xiraum oyer the .region where heights are scaled, and 
falls off more quickly b elow this. 

~region, · 

TW) taking of averages ot 1ndividua1 days* dif':rer1ng 

widely . ftom each other and showing-most irregular 
graphs, yields aatis:factory curves, nob. very dissim11lar 

in their genePal nature from those of the E and F 1 layers. 

The expansion oee-uring round the sW11118r sol at ice is 

much more marked than for tb ose layers, howeTer. Compare 
f~r instance, the noon value £or :February- or 12.4 x 1oS 

electrons per e~ w.l. th that f'or January which is only 
5 7. 2 X 10 • 

In general the th iokness of the layer is .about 120 

km. , :falling to a minimum of 100 km. or just less 
around/ 
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around sunrise and annset, and increasing to a mqx1mum 
o• nearly 150 km. between 8 and 10 hours. There are 
two maxima in '\r, one in the middle o~ the day and tho 
other at midnight or shortly afterwards, and t wo minima 
near sunrise and sunset. The first minimwn may b.e 

attributed to the ionisation o~ the lower layers ~ 
the atmosphere by the rising sun, the previous day's 
ionisation having recombined during the night. The 
increase in height d.uring the middle of the day {which 
1s contrary to any theory of layer to rmation 1n an 

isothermal atmosphere) coupled with the flattening or 
the curve for H over the corre sponding period (part1cularl7 
noticeable in December and January) lends support to the 
view that bodily upward expansion of the atmosphere 

due to heating by the sun' s rays takes plaee. The ions 
are carried upward more rapidly than they can be replaced 

by new ones by photoionieation and this prevents the 
expected rise in B, while the height of the layer is 

raised. This rise, however, is much less than that 
ot virtual height naively assumed by preYious investigators 
who• using virtual heights uncorrected for tho retardation 
produced by the F 1 layer instead o:r true ones, have 
assumed 1';. to rise to 400 or 500 km. at this time. 

Electron Density Maps, 

With the usual method of presentation of results 
in the form o:r graphs as in figs, 1.31 - 1,43, it is 

necessary to refer to three graphs simultaneously in 
order to gain a composite pieture or ionospheric c~nditions. 

With values o:r the maxim~ electron density B~ 
1 ts true height ~ and the semi thickness or b layer --r, 

the/ 
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the electron density n. at any ~ight h is determined 
-ror that layer. Assuming that ionisation :rrom the :& 

layer upwards is due only i,; and enti~ely to the presence 
of tho E, F 1 and F 2 layers • hav1Dg each a parabolic 

distribution. it is possible w1 th the data or tables 
1:171 1:18 and 1:19 to caleulate.the electron density 
at any height. 

In order to reduce the number of mean graphs and 
represent the three variables with which we are concerned 
(i.e. • electron dens1t7 n, height h and time of 4 y T-1 
in two dimensions, recourse must be had to a graphical 
plot in which two of the Yariables are used aa co­

ordinates _and linea are plotted :tor constant values of 
the third. To make such e. contour map a more vi Yid 
illustration of average oonditiona, it becomes obTious 
that the height must be plotted along the vertical axis 
and, to conform ~1 th usual procedure, the time along 

. the horizontal axis. The map theref'ore takes the f'o rm 
of-lines ot equal electron. density, and will· be rot'e.rred 
to, t'rom now on, as an••elec~.ron density map" • 

Referring to fig. 1.25, it will be seen that 
the electron density n is related to the height h in a 
parabolic layer by the exprosaion 

)J 2 H - n • -~ (h_- ~) ••••• (1.8) 
From this the heigbt.t which the electron density has 

the value n ar$: 
+ ni 

h - llx - -T( 1 - w> • • • • • • ( 1.9) 

Points calculated by this equation maybe plotted direetly 
on the electron density map, but in practice the layers 

frequently oTerlap, and it is difficult to decide which 
of/ 
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of _the three 1ayel"s should be Mgarded as responsible 

:for the electf'On density at a given heieJ:t t. The 
construct1 on ot the map is greatly aided by a graphical 
ropresentati on of electiOn dens! ty as a t'uncti on of' 
height :ro~ each hour. as an example ot whieh that tor- . 
Februaey. 12 hours, is shown in f'ig. 1.44. These 
graphs were constructed by using the alternative form 

o:r eqn. (1.8);. 

11 .. l+ _ (~.: hr } . . . . . (1.10) 
ne pa,r.abolic distribution or n. above the mu:imuD!Il 

has no experimental eonf'irmatio.a, but seems to be the 
most reasonable assumption. under tbe circumstances. 
Whenever two layers overlapped at a given height the 

one with the higher electron density was. taken. As 

Yaluea were only available f'or each hour, dittioulties 
arose, such as the estimation of the time aDd. height 
at which the maximum electron density reached a given 
valuo or at which a g1ven electron density passed ~rom 
one layer to anotherw. . These were in .all oases eol ved 
by linear interpolation~ in the-f1 ret oaae by ref'eJ"enoe 

to the graphs o-r li and ~ Ys. 1!, Md in the eeeond 

by calculation as ~ollows: 

For a . given a. 
at time t 1 , let layer A have height(bA) 1 

and layer B tt ~ (h;a) 1 

at time t 2 , let tt A .. tJ (hA)2 

and tt B, .. tt (.~}2 

To find the time t at whieh hA = h_s = h, we h•ve: 
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= (hA)2 - (hA)j (t - 'l ) 
h (hA)1 + t

2 
- t

1 
. 1 

and h * · . (he}1 + (ha!:: ~;a)1 (t- t1) • , 

solving, we tind: 

• • 

an4 " ('1.12) 

In thia manner the electron density mapa shown in 
:tige. 1. 45 - 1.48 were drawn. Each of these contains 
all tho iDf'ormation, tor on.e month. which may have been 
obtained from the corl'*eoponding three graphs o-r :figa. 

1.}1 - 1. 43. 

Pol.nta to note are: 

(1) 'l!he now well- established D layeP, lying a~una 

60 km., ia not, of couztse. included in these map& 11 

as the apparatus is not sui table tor measuring 1 ts 

charaeter1st1oa. 

(2)Tho E layer 1s very thin compared with the other . 
two; it is represented at night by dotted lines, 
since 1 t exiats then, but is below 1h e range ot 
the t.ranomitter and therefore cannot be maasured. 

(3} During the d.aytime there 18 continuous ion1aat10l'li 

:from the ·E layer upwards; the 1' 1 layer has only 

a broad maximum and is not associated with ateep 
ionisation gradients, as are the B and r2 layers. 

(4) Between 240 and 300 km. the electro~4enaity is 
rcmal'tkablff constant during the daytime, particululy 

during/ 
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during the a1'ternooa. 

(5) Although drawn in. for completeness, .the portions or 
these maps lying above the maximum of' the P2 region 

are not likely to reflect e.xistini conditions, 
since tlle oontinuati on of a pa.rabolic distribution 
above the maximum is entittely hypothet1eal and 

unconf'irmed by experimental evidence. 

The construction or these mapa concludes the e 
experimental p,art of tb.ia work. PollowiDg the design 
and construction or all the apparatus requirsd, photographic 
records o~ reasonably good atandard haTe b~en produced 
over a four-month period, 11. programme or very complete 
scaling has been carri-ed out , end after rejecting 
d~aturbed daya, the average results have been presented 
in a new and concise form. '!hese will be used sn.d 
compared with theor7 in the rollowing secti ona. 



.Part. · 1 ihl_ 

Theory or the Production 

of an Ionised Lay-er 

in a Bo~Isothermal Atmosphere 

and 

its Appl~ca.tion 

to Exper1me:atal Resul ta. 
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Theory or Lazor Fo.l'Jtl8.t1on 

in a No~Iaothermal Atmosphere, 

The theory of the propagation o~ an electromagnetic 
wave in an ionised medium in the presence of an external ­
magne~ic field is in a satisfactory state or development, 
dae mainly to the work o~ Appleton and eo-workers ( 1 :28), 

(1:39) and othero (1z40), (1:41); on it rests mueb of 
the deduction• of section 1 {a), On the other handt no 
reasonably canplete theory luls bee.n proposed to account 
for t11e· pl"oauetion of the layers, and still less ror 

their varia tiona, This is not due to a lack ot attempts, 
but f.be · problem ia much more complex; we are not here 

dealing w1 th a laboratory-controlled experiment, but 
with a natural phenomenon for which even the number of 
contributory causen 1B n.Ot known. 

Even a curso17 glanco at any of the mean grapha of 
part 1 (a) shows beyond doubt a daily variation, and 
hence we must attribute to the ann a 4ominant role in 
the formation of these layers, OtheP causes are, 
however. not excluded: cosmic ~ays, « and ~ rays f'rom 
nrious eoureee, stellar radiation~ luna~ .rf.!diation, 
meteors and cosmic dust, anl charged particles from 
thunderclouds haTe all been suggested a& possible 
ionising agents. The effects of' these must, however, 
be smal~ compared with that of the sun's radiation, and 
in amy case. owing to the irregular nature of most or 
them, they are intractable to.theoretical treatment at 
present. Their off"ects are most likely to be c.!eteeted 

at/ 
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at night • but even then they al'e probably masked by 

bodily movements of' the ettrth' s atmosphere. 

llost prominent among the theories put forward to 
account for the tb rmation of' these layers is that of 
Ohapman ( 1 :8), which attributes their production to 
the ioniatng action of solar-ultraviolet radiation on 
the earth's atmosphere. A large number of simplit'ying 
assumptions is necessarily made: 

{1) ~e radiation is monochromat~e. and 

(11) ia incident on_ an atmosphere~ the dens1tv o~ which 
varies exponentially wit~ height. 

(iii) The atmosphere is at rest an4 uniform in 
co11positi on. 

(1v) The tenpe·rature is the same at all pointe in 
the atmosphero at all times. 

(v) The :f'Ol"ee of gravitation is constm.~ with. height. 

(•1} All the absorbed energy causes ionisation. 

Working on these assumptions. Chapman obtains curves 

ot rate o~ ion-pl'oduetion vs. heigh~~ w1 thout resorting 
to the use of little known constants. ~he prtoblom is 
tl'eated 1n a very general way, and fUtilies. of eul"Yes 

are drawn for various latitudes and sea.aona, but no 
serious attLmpt.is made at applying the electron density 
charta to exporiment!ll data then available. 

Charts showing tho ionisation of the upper atmosphere 
have be n eonatruoted by Millington (1:42} using 
Ohapman' s theoey,. but do not seam to have had much use. 

Various approximate theories have been put 
:forward by Hulburt { 1 t43), ( 1 :44), in which the best 

available/ 
' 
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naflab1e values or the oo nat ants fll'e estimated and the 
general. expression for tb.e ionisation in any 1onoapher1c 
region under equilibrium conditions :is deduced. From 

these a family of carves of virtual height$ vs. :trequency 
atte ealoulated. and one is chosen to :t'1t an experimental 
reeord. In· a later paper ( 1 :45) an attempt was made to 
fit th 1 s theory to the observed daily curve ot monthly 
n1ean values of max1mwa electron density of the .E layer. 
'!'he values of' the constants ere so un-certain that 
eventually they were chosen so as· to give the best tit; 
thi's was fai.Ply .satisfactory over the daytime part of 
the curve. 

COmparison ahowa that Ohapman' s and Hulburt' a 
theories are the same in tundamental content, l>eing 
based on 1he sanie initial assumptions. TheiP application 

to the E region has met w1 th considerable success • but 
no attem.pta have been made ~o ~ply them to the higl'!er 
more irregular regions. 

VIi th the true heights and thiclmessn of' f'iga. 1.40 -
1.43 and the maximum electrons densities or figs. 1.31 -
1.39 available, we are in a mueh better position to 
test Ohnpman's theory in its ap plication to the higher 

layers than previous investigators have been. w1 th 
only the maximum eleetron densities 9.nd virtual heights. 

That the detailed applieation of Ohapman' s theory 

to the F2 region would not meet w1 th an.v de,1rce of 

success. ean be seen fron the f'aots that; 

(1) 2he maximum electron densities of' this region 
f'or Deoembel' and January daring tho middle part 

o~ the day are much lov,er than the eor.respond1ng 
values in November and J1obruary: this i a contrary 

to/ 
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to Chapman's theory, which would require a higher 
maximum electron density during the solsticial 
period, because of the s ller zenith distance. 

(11) During all :tour months the height of' ma~mum 
electron density 1n this region rises in the 

middle JS.rt or the day: Chapman's theocy would 

require 1 t to .:f'all to ~ minimum about noon. 

The most obvioua defect in ·chapman's theory, which 

gives rise to ·these discrepanciea, is the fundanentsl 

assumption th9.t the temperature is conatant at all · 
times and heights. It hae been suggested ( 1 :46) that 

the F2 region become& heated during summer d aya and 

expands upwards. This v.o uld a(!eount, qualitatiTely 

at least tor the two disc~pancies rrom Chaplll&n• a 

thcoey mentioned above, f'or: 

( i) During Deceniber and January the greater loss or 
electrons by expansion more than oompeneatos ro~ 
the slight increase in production dae to the 

smaller solar zenith distance. 

{11) The layer is shifted bodily upwards by expansion, 
and so the height o~ maximum electron density also 

rises in 1he middle of the day. 

A quanti tat! ve tb. oocy taking account of expansion 
haa not previously been givon, to the wr1 tors' knowledge. 
The best way of developing this theory aeomn to be to 
reject Chapman• s asoumption of an isothermal atmosphere; . 
and instead to allow the temperature to vary with height 

in a known way. The distribution of molecules with. 

height in such an atmosphere will not be exponential, 

and till first be derived. 
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Di§tribg~!on ef mQlfmUl@! wi ~h ~ 1gpt in a son-isothgrmJl 

,_tm.o sphere, 

At might h let the pressure be p and tOO absolute 
temperature T, and at height h + dh let the 
eorre$pont11ng T$lttas b$ p + dp and ~ + d'l. 

Dealing with a vertical eolumn of' tl'e atmosphere 

ot unit cross seet1 on~ 
nett upward fox-ce on a aeetion ot height dh • - ilp 
nett. dovtnward force on this section # g f ·d.h 

where p is the density of Ule atmosphere at height b 

and g· is t he accejeration due to gravity at height b. 

l:f.' there is no vertical movementt i.e., the 
s.tmosphere 1s in eqt+ilibrium: 

... ' . . • • • • 

FPom tm simple gas laws. writing k for Boltzmann• s 
eonatant and m .fo~ the me~n moleeular mass~ 

(1.13) 

f • • • • • • (1.14) 

Substituting th1a in {1.13) and integrating between 
linti ts p and p

0 
oorPespond1ng to heichts h ant! h

0
, we 

find: 

log
0
"t; ·~ - -f'l h-f . . . . . (1 . 15) 

ho 

Again from the gas laws, putting n' for the number of 
molecules per em? .at _might h and n~ ~or the 
corr~.sponding value at a ret'crence level h

0
, thc:t 

temperature at this height being T01 we have on 
substitution in (1.15)l 
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n' ~ n~ :G ~{~ rl: ~~) • • • • 

The integral cannot be evaluated unless some 
·assumption is m11.de as to the form of the function 
tf' a f'(h). Two special eases will be considered: 

(a) when! is a constant; 
{b) when Tis a 11n~ar.tunotion. o~ h. · 

Oase (a): - when T = T
0

, eqn. {1.16) becomes: 
. . . . 

n ' • n~ exp{~ ~(h - h~)} • • • 

(1.16) 

(1.17) 

This is the exp onential distribution of molecules with 
h\light asaumed by Gha~n and Hulburt. 

Case (b):- when T :~~ f£
0 

+ y (h- h9 ) ••• (1.18) 
in hioh 1 ia U1e temperat ure gradient, eqn. (1.16) 

beoomea: T { .... 

1
h . } 

• . 0 . . !5. . . dh . . 
n' :::. no Yo + y (h- ho) exp .. k '-'o + y<h- bo) (1. 

. ho . . 

To { . 1!!S '.ro + y (h ... ho)J 
= n~ To + 1 (h - ho) ~ - k log& To 

{

. h ~ h } -( 1 + ~) 
- n' 1 + y 0 

• • • • • • ( 1.19) o t
0 

0 • • • 

Uith -y s 0 eqn. (1.19) becomes indeterminate~ but on 
expanding by the binomi~l theorem, which is valid. for 
small values of y, and proceeding to the limit y ~ o, 
~t ~Y be shown to . reduee to eqn. ( 1.17). 

The effect of a temperature gradient on the 
molecular density may be seen from table 1;20• whioh 

has/ 
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n'/n' 
b 0 . 

(km.) y = o.oo 'Y - 2.02 y • 4.05 'Y :I 8.10 
( deillkm.) ( deJt/km.) {deg/km.} (deJkm.) 

200 1,00 1.00 1.00 1.00 

::225 3.64 X 10-1 3,44 X 10-1 3.25 X 10-i 2,92 X 10-i 

250 1,33 lt 10-1 1.32 X 10-i 1,30 X 10-1 1.22 X 1·0-i 

275 4, 78 X 10-2 5.54 X 10-2 5.98 X 10-2 6,25 X 10-i 

300 1, 74 X 10-2 2.53 X 10-2 3,05 X 10-2 3,64 X 10-2 

32.5 6.28 X 10-3 1,22 X 10-2 1.69 X 10-2 ·2,27 X 10-2 

350 2,29 X 10-3 6,24 X 10-3 9,93 X 10-3 1.52 X 10-2 

fable 1; 20 - Values or n• /n~ for various y ~ 
has been wOl"ked out assuming the values h0 = 200 km. , 

T0 = 400~, m • 15 x 1.66 x 10-24 gm., g • 900 cm.aec72 

and k = 1.38 x fo-16 erg x deg';1• 

Intens1 ty ot incident radiation at height h 1 . 

Pis, 1.lj.'t - Intensity at height h, 

We follow Chapman in assuming that the radiation 
responsible/ 
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responsible ror the t'o.rmation ot a layer is monochromatic 
and ultraviolet in character. 'lhe wav~ will be absorbed 
in passing tbro ugh . the atmosphere, and. at height h le\ 

its intensity be I, and ~t height h + db , I + di• 
as in fig. 1.4.<-l . I~ the solar zenith distance. is 'X, 
then the t'ract1on ot.. I absorbed in passing thro ugh 

height dh is 

sec X .clh • • • • • 
.. 
• • ( 1.20) di = ~ n.'I 

where ~ is the atomic 
om2

). . . · 

absorption eoeffien~ nxw.t (in 

., .. 
For an atmosphel"e in whieh 41 varies with height, 

using eqps. (1.16) and (1.20), we haTe; 

r~ ,. Jjp n~~ ae~X exp(- -~r :'>}db 
I . - h0 

. I • l _ exp{n:.'l'or- x. r~ exp(- f't~> db} . (1.21) 
0 . 

in -which: 1
00 

is the ·intensity ot the beam at h c oo , 

i.e.effeetively betore is has recched tho earth's 
atmosphere. 

Rl.ite ot ion production at he 1ght h, 

Suppose q is the number of ion pairs produced per 
om~ per sec. at height h. Then it w is tho energy 
absorbed in ionising one molecule, .and asa uming that 

all the ene~ absorbed produces 1on1sat1o~ 

An'l 
q =,......... 
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and on eubs).itution tor I trom eqn. ( 1.21), wr1t1 :ng also 

c - -fS . • 

we have: 

Again considering tbe two cases: 

Caao (a}:-

q • qa 

If'=! 0 

• 

• . r o co exp - g_(h .... h ) + An 'I f 
w T

0 
o 

• • • 

+ n~p soc X f up(- ~0 (b - b0 )dbJ 

· pn~Ioa { C 
• . oxp - ~ (h - h0 ) -

~ n9hTo rwil- expf ¥;; (h- b0~} 

• • (1.22) 

• 

• . ( 

• • • (1.24) 

which, in our notation, agrees with Hulburt and with 

Chapman. 

Oo.ae (b)r- bxu: 

~ • !'o + 1 (h - ho) 
Here/ 
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Here: 
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On_ substituting y • 0 and proceeding to the limit, 
as b e ror , eqn. (1.25) reduces to equation (1.24}. 

La:yer tomation.-

If ions are produced according to eqns. ( 1.24) or 
(1.25), there will be an equal number· n of poaitiTa 
and negative iona per em? In such ~n ionised gas 
the rate of recombination is generally assumed to be 
proportional to n2 , the proportionality constant ~, 
being known as the recombination coe:tfioient. 

The ~ate.of increase of ion density is then giTen 
by 

• • • • • • {1.26) 

Case (a):-
On substitution from eqn. (1.24), eqn. (1.26) 

becomes: 

~ + 1X n2 : 
0 exp - ;;-(h - h ) -

~n'Iao { 0 
" ... 0 0 

n'p'l { ~) 
- o C o seo"'f.. exp - ¥;<~ - ho)J J • ( 1.27) 

According to Chapman this equation cannot be solved 
explicitly. We therefore impose the .cond1t1on that 

during the middle part or the day fi • o. This will 

be seen :from the electron density m~s to be confirmed 
for tbe F2 layer at points below the maximwn. Eqn. 
(1.27) then reduces to: 

n! .. B oxpf ~(h- h0 ) -1 oxp (- f.;<h - h0 ))} ( 1.26) 
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where we have written 
fJ n~.Ial) 

B • • • • • • __( 1. •. 29 .. ,__ 

11 - • • • • • • (1.30) 

.. 
Eqn, (1.28) may be derived from Hulburt's equations 
with suitable ~hanges in notation. but the above 
approximation was not made by Ohapman. 

Since the d1 t£erent1al equation obtained by 

substituting from eqn. (1.25) 1n eqn. {1.26) does not 
appear to have an explicit solution. -we ·proceed at onee 

to make 

• (1.31) 

Maximum value· o~ n, 

Eqns. (1.28) and (1.31) give tbe Talue of the 
electron density at any point in the layer. The 
maximum value !t is important ror comp~ison with ~· 

experi~mnt and can be ~ound by equating g: to ze!'O. 

Caao (a):- ~ • ~0• 

~ • t ~[f u+ i;;(h- h0 )} - ~ 
= 0 ~or a maximum or a minimum. 
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Either (1) l a. o, which obv1oual.7 gives a minimum, 

or (11) i ·oiiP{- ~~(h- h 0 ) } • 1 · • .. • (1.32) 

Putting this 1n eqn. (1.28) we get for the maximum 

value of n, 

•! a BP exp(-1) ' • 

which ia also obtained by Hulburt. 

Case (b);-

• • • • 

~ 0 for a maximum or a minimum. 

Again, 
(1} n -=0 

21'0 
gives a minimum. 

• { 1.33) 

(11) gi vea again a • 0 fbr h • ()I(J 

(111) 
o ( h- hof C/y 
,. 1 + 1 . 

'ro 
• y (1 +- ~) y 

i.e., ( 1l- h ( '/y .11 +J . 0 -F T0 . 
1 +r 

0 • • • ( 1. 34) 

Substituting back in ( 1. 31) , we obtain 1he maximwn 
Yalue of a , 

• • (1.35) 

which reduces to eqn. (1.33) on putting y • 0. 
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Height of, uaximmn electron dens1 t:.r. ~ 

Case (a) : - '!.' = T
0 

The he~ght (~)a is given by equation (1.32), 
writing h • (~)a, and 1 : 

'f"o . 
(~)a = h0 - Ct logeP • , • • • (1.36) 

ith constant temperature 'l
0 

thronghout the daT 
e.nd substituting tb r J' :from eqn. (.1 • 30) , the va~-ia tion 
of (~)a- h

0 
with "t .may be seen by putting (1.36) 1n 

the form: 

(by_} a - h
0 

= constant - loge cos X 

Loge eos X is al.ways negative, and is nwaerioally- smallest 
in the middls o:r the day. Thus a.oeordi:ng to the theory 
of an isothermal atmosphere, the height of x1m~ 

electron densit7 should 1'all to a mini.mum at local 
noon, This is contrary to obsenation :tbr the 1"2 
region. 

The might of maximum eleet~n densi t7 o'Qtained by 

putting h = (~)b in eqn. ( 1.34) 1s: 

(hg)~ • ho + ? [{:r( 1 + ~~ - Y/ C - ~ • ( 1.37) 

Again 1 t may be shown by expanding into a series that 
in the lin1it -y ----it o, eqn. ( 1.37) reduces to ( 1, 36). 

Comparison of ~ two casea1 

The changes in behaviout- brought ebout by tho 
assumption of a linear· temperature gradient with height 

may/ 
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JDa7 be illustrated by means or the ratios, ~ and 
(by~- h

0 
a 

(hy)a _ ho • By this method the use or a numbe.t- of 

questionable constants may be eliminated, and, for 
puJrposea or this· oo mparison onlJ', values or the 
remaining constants have been chosen rrom the 
rol1ow1ng considerations; 

ho• The aompos1t1on of the atmosphere at this 
reference height should be tho same as that throughout 
the layeP. There is reason to believe 'that the 
atmospheric gases exist mainly in the atomic t'orm from 
200 km. upwards (1:47). h

0 
has therefore boon cthosell 

as 200 km. because the value of 'r~ becomes less certain 
as the height ine.rsases. 

Prom the oonsi<terations just mentioned 

the value of m wae taken as 15 atomic weight units; the 
value o~ g corrected ror a mean F2 height o~ 300 km 

is approx. 900 am.sec72; while BoltzmBnn' a · constant, k, 
is well established. as 1.38 x 10-16 erg deg71• The 
value of 0 is thus 16,2 des.km71• 

fo• The Talue of ~0 is very doubt1'al, but after 
consideration of various estimates the tentative value 
of J€0~ was chosen for this purpose. 

0 eos X-
F = • , ~ T • 1'he estimates of n~ and l~ are very 

no o r 
numerous and diverse. · Eventua1ly f3 was taken as 
2 x 1o-18 em~ ar...d n~ as 5 x 10 i2. cm73 on.. very debatable 
grounds. Putting X = 0 tor simplicity. we f'ind 

-2 F' ::r;: 4,4 X 10 • 

Dividing eqn. (1.35) by eqn. (1.33), we obtain: 

\ 
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1 Nb (hu)b - h& (~)b - (hM)~ . 1 
(deg.ltm7 ) »; (iil!}ft - he (km.) 

- 8.10 2.36 0.545 - 29.5 
- 6.49 1.95 o.614 - 27.0 
- 4.86 1.64 0.690 - 21.6 

- ).24 1.38 0.781 - 15.5 
- 1.62 1.f7 0.885 - 8.3 

o.oo 1.00 1.00 o.o 
1.62 0.858 1.12 . 8.3 
3.24 0.738 1.28 19.4 
4.86 o.64o 1.44 30.6 
6.49 0.555 1 .. 63 43.6 
8.10 0.483 1.85 58.3 
9.7 0.423 2.08 75.3 

11.3 0.372 2.34 93.7 
13.0 0.326 2.63 112 

1lt..6 0.288 2.94 -135 
16.2 0.255 3.30 160 

Taltle 1 ;·21 - Effect o:t y on the l~nr:, 

(1\)2 · · · 1 yo · 
N;: .. p fo.(f + ~) + .• exp(- Y/a) • {1.36) 

and from eq•s. (1.36) and (1.37), 

<hu~ - ho . a {•<1 + ~>r'~'a. 1 
{hM}a- h0 = - y log0 F • • • (1.39 

To obtain some idea o.:r the absolute difference in 

height of' the maxima • we use: . 

., 
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• • • 
subtracting 

+! log0 .1!'] 

•••• ( 1.40) 

obtained by uliD:tbstq. eqn. ( 1. 36.) t'rom eqa.. ( 1. 37) ~ 

The values obta1D3d are shown in table 1:21. and, 
gttaphioally-, in figs. 1·. 5o; and 1.0.~, . The graphs show 

that a posi-tive value of y produeea a lowering ot- the 

maximum electron density in t be layeP and raises its 

height. 

By drawing on riga. 1.40- 1.43 approx~ate curves 
for the variation of hti during the day according to 
Chapman's theory, the difference in height caused by 

expansion may be estimated as about 80 km. From 
fig. 1.51 it appears· that this difference would correspond 
to a y of 10 deg. km';1 • 

Ef"t'ect of' variables on the shape of the layer, 

The general theory, as summarised in eqns. (1.31) 
{1.35) and (1.37), does not lend itself to easy physical 
interpretation, and in order to clarity its meaning, it 
has been thought advisable to represent graphically the 
variations in shap of the layer brought·. about by changes 

in the variablea. 'lhe number of little-known constants 
included under the symbols B· and P is considerable• and, 
in. order to elimina~e as fer as possible numerical 

errors a.Pis1ng :trom the use o't- uneertain values, eqns. 

(1.31) and (1.35) may be d1~1ded, g!vi~t 

~ - hq \ -( 1 + C/y } ( 1 
(1 + .,---r,;--1 . [~< 1 + ~r 

· . -oA 

+ 1/c) 
• 

{ 
r 1 ( ~ - hQ) ., 1 

• exp ( 1 + 0) - F 1 + r To / • • { 1.41) 
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in which B does not appear. 

The constant C appears to haTe .been evaluated with 
as much eertainty as possib1e on page 81 and it value 

is kept at 16.2 dcg.km";1 throgghout the remainder of 

this work. For similar recsons h~ is le:rt at 2?'> km. 

In the R.H.s. of eqn. · ( 1.41) ~e are thus le~t with 
fouP parsm~ters, the height ~, the temperature T0 at 
200 km. • the temperature gradient 1 , and P. W~ shall 
now show t~e actual shape of the layel' '!JY plott-ing 

~ against ';, for val'io us valuss o:f y, i' 
0 

anll Ji', using 

eqn. ( 1 • 41 ) • 

~ 
. 11/~ 

r = o.o r· 4.o r= 6.o r I& s.o {km.) 
deR:/km. desdkm. · deg/km dev./km. 

22.0 0.0285 0.,0297 p.0312 0.0318 

240 Oe251. 0.205 0.189 o. 174 
260 o.662 Oe507 0.450 0.402 

280 0.953 0.790 0.705 0.631 
,300 0.988 0•951 0.875 0.805 
320 o.861 1.000 0.970 Oe916 
340 0.686 Oe985 ·o.998 0.968 
360 0.521 0.925 d.982 0.988 
380 o.386 0.851 0.946 0.980 
IOO 0.284 0.767 0.897 0.960 

Table 1 ;22 - VaJ.ues of Do vs. he foP va~ioua values of 1~ . H; .· . . . . 
!o =- 500°K . J! ~ 5.0 X 10-2 • 

The curve for y • 0 (fig. 1.52} 1sj of course, 
derived/ 
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derived from eqns. (1~28) and t1.33), and ~epresents the 
distribution o~ aleetrons at constant temperature, i.e., 
on Chapman' a theory, We note again the effect of a 

positive y in raising the height ~· In addition it 1s 

seen to increase the thickness of the layer, and the 
eleetron density above the maximum decreases more slowly 
than in an isothermal atmosphere. The importance of 
a knowledge of layer thickness in any attempt to 
est108 te 1 is 1h us cledly brought out. 

~ 'li/1\ 
(km) ! 0 = 400°K 'l' = 500°K 'f :s 6oooK 

0 0 

220 0.0553 0.0312 0,0188 
240 0.313' 0.189 0,116 
260 o.649 0.450 0.316 
280 0,880 0,705 0.541 
300 0,981. 0.875 0,745 
320 0.992 0.970 0,881 
340 0.954 0.998 0,954 
360 0.893 0.982 0,996 
380 o.82J 0.946 0.993 
400 0.731 0,897 0.971 

Table 1•2 -Values of · for tbr ee values of T.' 

1 a 6,0 deg,km ... 10-2. 

From t'ig. 1 , .53 it will be seen that an increase in 

T
0 

produces an increase in the might of maximum e1 ec.tron 
densi.ty, but the th ieknesa at the layer is. not altered 
to any great extent. 

.. . 
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ho ~I\, 
(km)· ., = 0_.040 .,. = 0.050 F • 0 . 060 
220 0,0089 0,0312 . 0~0681 

240 0,0915 0,189 0,293 
260 0,294 0,450 0,584 
280 0,550 0,70!5 0,815 
300 0. 763 0,875 0.949 
320 0,907 0,970 1,000 
340 0,981 0,998 0,991i 
360 0,998 0 , 982 0.955 
380 0.987 0.946 0,902 

400 0.956 0,897 0 , 841 

Table 1:24- Values of~ YfJ ~ for three valnes of P, 

6 ' -1 0 _}! • ,o des.km _ ; T0 = 500 K. 

Thlt thickness at 1he . layer 1a again practically 

unchanged by P, b.ut 1he height hal decreases with increasing 

F (fig, 1 , 54-) • Remembering that foP a gi v.en T 
0 

{ and 

the.Pef'o re n~) 1' is proportional to c o a X. tl'OJll eqn, ( 1 • 30) • 
these curves show a result analogous to the theory for 

an isothermal atmosphere, i.e. 9 the height of maximum. 

electron density decreases to a minimum at local noon,. 
all the other parameters remaining constant, However, 
since tm theory o-r expansion demands atmospheric 
heating during the middle part ot the day, T

0 
and y 

cannot be taken as constant, -It' tm increase in 1'
0 

is greater than that of cos X.. ,. 1 t alone would account 

for a rise in ~' ev~n if' 1 were eons tant, 
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fpplication of the roreso1ng theory 

t.o expepiJDental reml-t .. 

The application to eXper1mental ~esults of' a theory 
with equati ona as comple.a as those den ved in th1·s 
treatment is a problem which must present some d1t.riculty. 
The experimental data are in the form of parabolas 
:from each of' which the three quanti ties by, --r and N 
may be read ott. From 1he theo ey 1he re emerge three 
nse~l equations, which for oo nvenionce 
repeated, dropping the ~u~scripts: 

( 

h - ho) -( 1 +- O/y ) 
n2 = ~, 1 + -y ~ • 

0 . 

{

. · H _ h )-ct.,} 
• exp - j ~ + 1 '!o o • 

are here 

• • • (1.31) 

• • (1.35) 

• • • .(1.37) 

Considering 0 as known. we see that these equations 
still contain no less than four unknowns: · B .• y • ~0 end 
P. B may be eliminated as before by dividing eqn. (1.31) 

by ( 1.35): 

c · · h- h~, -( 1 +of, ){ ~-(i + "'~'o) (t ) ~ = ( 1 + y To ol 1 F (1 + ~lj t • 

. . ' h - h ) -O/y J 
• exp f(1 + ~) - j (i + '/ fo o • ( 1.41) 
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but this leaves only t wo equations w1 th the three .. 

unknowns y , T 
0 

and F. 

At first sight 1 t may seem that by taking ttl'O 

values of h and .. tlD co !-responding t wo lral.ues o-r n, we 

could obtain t wo numerical equiv alents of (1.41) which, 
togethe r with ( 1..37) would allow solution tbr aihl 
three unknowns. This is a fallacy, howeve xa, because, 

by dividing eqna. (1.31) aDd(1.35) the abs olute value o~ 

N has been eliminated, and tm parabola now yields only 
t wo quanti tie~r. 

It is the re:ro re necessary to assume a numerical 
value for one of the three remaining unknowns, the one 
chosen b e ing that which is the best known. The 

temperature gradient y is out o-r tm question, as the 

only available estimates are wild guesses ( 1 z48), 
( 1 :49). F contains t he absorption ooett1o1ent ~. . 
for which est~ates range r»om 1o- 17 to 1o-20cm. 2 (1:47), 
while ~0 is most unlikely to range below 350~ or 

above 700°K ( 1 :47)~ i.e. , through no more tllln a factor 

o~ 2. ~0 ia therefore tle obvious choice. We shall. 

however. not assume a ti.Xed value ot 'l
0

, but apply the 

theory for a number of values of T
0 

between these 

limits, deferring discussion of its actual value until 

later. 

Alg ebraic solution of the eqns • . (1.41} and (1.37) 
is impracticable as a routine method, and re sort is 

therefore filde to a graphical method, which can be applied 

quickly to moat conditions met with in the »'2 region~ 

It should be remesp.bered tm t the f'inal equations are 
dn only true if' di = o, a condition which is well :ful~illed 

~r/ 
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~or· the F 2 region below 1ts mximwn from 8 h to 16h 

S.A.S.T., ~a previou•lY pointed out. 

Graphical solution ~OP F and r~ 

The value or n for substitution in cqn. { 1.41) mq 
be re~d at tiDY height below \1 • where the electron 

density is e;re~ter than 0.3lf. The~e limite a:re those 

beyond whi•h the cul'Ve clifters appreaiably fPom parabolic 

:rom, and between whiQh all the Virtual heights a.re 

originally sealed. 

In order to construct a family of curv·es. ~ JV'K 
va. r f:or various values of g from eqn. ( 1 .41) the value 

h-h 
of T 0 must be settled. A vulue of h which gives 

() 

an a agreeing with the oonditions outlined in the­

previous paragraph is 280 km., as may be Terif'ied by 

an examination ·of 1he e1 ectron density mapa. Assuming 

that t 0 will be. of 1be order ~ 400°K. we find 

h - .ho 280- 200 1 (i.'·~) 
'! = 4oo = 5 • • • · '+' 0 . . 

Recalling that 0 = 16.2 °0/km., and subati tut!.ng 1n 

( 1.41), this simplitiea to: 

Choosing values of y which give simple numerical 

values to the indices ( r ·~ 1.62; 3.24; 4.86; 6.49; 
8.10; 9.7), and using eqns. (1.28) and (1.33) for 
y = o, various values of F may be substituted to give 

n/B 
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j greater than 0.3. In this wey the family of curves 

shown in fig. 1.5~ was drawn. 

Eqn. (1.37) may be writte~, with the usual value of 
0: 

y ' 
hM - ho · 1 ~· ( r )} - 1'b.2 J 

T = Y (~ 1 + 16.2 - 1 
0 

• .. (1.44) 

W1 th the values of y used before a similar family of 

curves may be drawn, and 1 s shown in fig. 1.56. 

These curves exhibit a number of interesting points: 

(1) The oocurenoe of maxima in the curves of j 
. -2 . -1 . 

{ii) 

for F = 5 x 10 and F = 10 for values of r. 
equal to 1.2 and 8 deg.km71 respectively 

indicate that under these conditions n becomes 

equal to N, .i.e., t:OO maximum e1. ectron density 

passes through the height h for w~ich h T 200 = .t• 
0 

As was illustrated by fig. 1. 5~ an increase in 
F corresponds to a lowering of the height and 

the curves for values <Y£ F greater tmn 10-1 

refer entirely to values of n above hM, and 
tm reforo crum!Jt be used for practical purposes. 

. hy- 200 
In fig. 1.5 l> tre curves below T = 0.2 

0 
again refer to oo ndi ti ons when the maximum is 
below the se looted height h, and therefore have 

no practical v@l.ue. 

Tffi simultaneous graphical solution of eqns. ( 1.43) 
and ( 1.44) may now be ace omplished; if values taken 

both from :fig. 1.55 ·a.Yl.d f'rom f'ig . 1.56 are plotted on 
the same d iagram, using as coordinate4 the variables F 

and y or, preferably, log 10F and y. This has been 
done/ 
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done in fig. 1.57, where lives of constant W from 

fig. 1.55 

~- 200 

To 

are drawn in full and thOse of .constant 

trom tig. 1.56 are shown dotted. 

i1he process of evaluating 1 and 11 tor a g1. ven 

experimental p!lrabola now resolves 1 tself i nto the :toll ow­
ing series of simple operationa::: 

(1) Select a reasonable value or T0 • 

(11) Est1D¥lte the value ot h by su.bst~tQting this value 

or t.r
0 

1.n the equation, h ; 209 • !- . 
0 

(111) From the p;arabola., find n. at th 1s value of h. ana 
also N'• " 

(iv) Hence calculate j. 
(v) From the parabola re!la ott bu· 

. . 1\{ - 200' 
(vi) Evaluate T • ustng the value at T

0 
chosen 

0 
in (1). 

(vii) On fig. 1.5.7 locate the point which satisfies 
simultaneously W (iv) and (vi)~ and read ott 
the values ~f 1 and log10F. 

The whole procedure is repeated i'oJ! each value of 

!
0 

selected. 

The curve j = 1.0 represents the naximum electron 
density, and 1h us the part of the graph above tb is is 
not shown, as 1 t has no use.· It coincides with the 

h.. .. - 200 . 
line A if • 0.2, which also I'epreaents tre electron 

o density/ 
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dens1 ty maximum. 

The angle between the t wo :families or Ctll.*VeS 

izwreases as we ost1mate n t'urther below the maximum, 
and too refore valuoa or 1 and J' estimated f'ltom Yalues o"r . . ' 

n scaled near the maxi.mum are not •ery aceurate. Thia 
oould be avoided by choosing the fPaetion h i 200 ~ ~ , 

0 
but this would 1ntroduee other difficulties by putti ng 

n below 0.3 H in the n~rmal applications~ 

The t wo farnilies of c.t rves tend. to run parallel -rcr . 
values of y greater than 15 deg.km;1 , and this intPoducea 
uncertainty in values estimated -in this region. Since . 
tor y = 15 deg.km71 and ~0 ~ 250°K (a very. low est~ate), 
the temperature at 350 kL~. woald be 2500~, which is 
more than any:~ne has hithePto dared to suggest, this is 
no disadvantage.. Godfkroy and Price ( 1 :53) have shown 
by conoidoratione ar radia tion equilibrium that this 

tempera tu.re cannot rise above 3300°X• 

'rreattmnt of tte results of Part 1 ( ~la 

~he process juat developed was applied to the 

experimen~al results ~or liovember 1945 - l'ebruary 1946. 
The value af '1'

0 
being unknown., the estimation of 

and F was repeated for each parabola :tor a. series of 

values of: T
0

, varying in steps ·of 5{)'1c from 250 to 600°K. 

In many cases tho higher .values or T
0 

gave values ot 
lying well off the graph, and these, in accordance with 

the discussion on the previoua page, have not been 

taken into account. 

The re sul t ·a are tabula ted be1ow in 'the f'irst two 
lines of each sectie;n. 
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s.A.I. To {OK} 250 300 350 400 450 500 550 Time 

' 11.7 10.7 9.2 8.5 B.o 9.5 11 
8h 'tOOP 3.94 4.34 4.68 5.25 5.85 7.50 9.33 

cosX. = p_ X 1018 6.54 3.74 2.23 1.49 1.13 0~72 0.48 
:: 0.529 B/ n• 3o6 170 89.2 55.8 41.8 32.8 24.6 0 , 11.4. 9.9 8.9 7.9 7.9 o~s 10 

9h 100F 3.71 4.02 4·.49 4·.87 5.70 5.89 8. 71 
cos 'I- = ~ X 1018 9.21 5.35 3'.09 2.14 1.54 1.22 0.68 = 0.701 B/n' . 373· 193 103 67.1 50.5 35.0 28.6 

0 

' 13.5 12.7 11.~ 10.7 9.2 11.5. 13.0 
10 h 100F' 4.36 5.01 5.46 5.92 6.03 7. 76 9.12 

coa :t = p X 1018 11.2 ;.11 3 .. 02 2.10 1. 73 1.10 0. 78 
= 0.836 B/n' 5o6 263 147 96.4 71.9 58.3 47.9 0 

y 11.3 9.65 8.3 7.6 7.1 7.0 5.5 
11 h 10011 18 3.21 3.36 3.61 4.01 4.52 5.21 5..25 

CGB X = p X 10 14.1 8.45 5. 08 3.43 2'. 55 1.82 1. 50 
a 0.927 B/n' 812 420 220 142 105 76.0 55.2 0 

r 10.2 9.3 8.0 7.2 6.6 6. 7. 5.5 
12 h 100P 2.69 3.14 3.36 3.76 4.20 4.98' 5.07 

coa X= p X 10 iS 17.5 9.45 5.69 3 .. 82 2.87 1.99 1.62 
= 0.966 B/n' 1070 525 280 177 131 93.8 68.8 

0 

r 8.5 8.2 7.1 6.0 6. 0 5.5 4.0 
13· h · 100F 18 2. 11 2.67 2.92 3.19 3.82 4.22 4.17 

cos X =- {3 X 10 22..0 10.9 6.44 4.43 3.10 2 . 31 1.93 
= 0.952 B/n' 970 500 261 161 119 86.4 61.5 

0 

r 9.8 ~.9 7.5 6.8 ~.1 5.4 3.o 
14 h 1001' 18 2.69 3.10 3.29 3.73 4.13 4.44 4.09 

oos X = P. X 10 16.0 8.75 5.30 3.52 2.67 2.04 1,83 
= 0.884 B/n• 826 433 228 144 105 75.0 55.4 0 

y 7.8 7.4 ~ . 3 5.6 Y,.8 3.8 a · 
15 h 100ll 2.25 2.79 3.09 3.55 3~86 4.05 7.59 

cos ·x. ::. P X 10
18 16.7 8.45 4".92 3.21 2.48 1.94 0.86 

::: o. 769 B/n~ 693 357 186 118 85.2 59.5 45.0 
r 6.5 6.1 5.2 4.8 3.6 5 " 12 

16 h 100F 2.01 2.57 2.98 3.52 3.69 5.62 10 
cos 'X. = P, X 1018 14.9 7.31 4.07 2.52 2.07 1.12 0.52 
::. 0.6·13 B/n' 559 280 143 89.6 64.1 44.4 42.6 

0 

Table 1:25 - ExJjerimental val11es of' r and P' 

and derived values of ,P and B/n~ - Noverrber 1245, 

600 

----
---· -
---.. 
----

9.8 
&.3:2 
0.811 
57.0 

9 . 
7. ~~ 
0.8] 
50. :3 

8.t: 
8. 0:3 
0.8~ 
44.6 

----
----
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S.A. S. To (OK) 250 300 350 400 450 500 550 600 'lime 
)' 20 20 17 16 17 20 - -8 h 1001' 8 7.08 7.41 7.94 8.32 8.91 ~o.o - -

cos X = p X 101 3.85 2.30 1.39 1.00 o.~4 P • .57 - -= 0.559 B/n' 124 86.2 40.3 28.1 25.6 ~4.4 - -0 

r 13.5 12.~ 11.6 10.9 10.1 ~o.o 1~?o -9h 100:1- 4.57 4.98 5.58 6.27 6 • .58 7.59 -eos ?<. = P X 1018 7.75 4.46 2.57 1~73 1.38 0.98 o.61 -= 0.726 B/n1 150 82.0 44.7 29.0 22.6 16.4 13.1 -0 

r 1.5 14 . 11.9 11.0 8~~2 16 - -10 h 1001" 18 5.37 6.03 6.31 6~68 10.0 - -
008· 'X= p X 10 7.79 4.35 2.67 1.91 1.29 0.87 - -
a 0.857 B/n' 210 108 56.4 39.6 32.2 29.1 - -0 

r 9.2 8.6 7.5 7.1 6.2 5.5 4 • .5 8.3 
11 h 1001' 2.24 2.17 3.00 3.44 3.76 la-.05 4.21 7.24 

eos X.= ~ X 1018 20.6 10.4 6.2t 4.09 3.14 2.36 1.90 0 .. 94 = 0.945 B/n' 450 213 114 75.8 52.8 '38. 7 28.0 22.1 0 . 
r 11.5 10.2 9.0 8.1 7.3 6.1 10 14 

. 1Jl h 100F' 18 3.59 3.85 4.27 4.74 5.13 5.22 8~32 10.0 
COB 'j... = f3 X 10 13.4 7.81 4.54 3.09 2.39 1.92 1.00 0.71 
= 0.983 B/n1 346 184 97.0 60.7 41+.9 33.8 26.0 27.5 

0 r . 11.7 10.8 9.2 8.4 7.9 9.0 15 -.13 h 1001? 18 3.85 4.30 4.59 5.09 5. 71 7.16 10.0 -
eos "f. = ~ X 10 12.2 6.89 4.15 2'.84 2.12 1.38 0.82 -
:= 0.969 B/n' 330 183 95.0 61.0 44.7 33.4 35.0 -0 

r 12.7 12.0 1~.1 9.9 8.8 9.0 10.5 12 • .5 
.14 h 100F 18 4.07 4~62 5.05 5.41 5.75 6.53 3.32 10.0 
coaX. = ~ X 10 10.8 5.98 3.52 2.49 1 .. 97 1.41 0.92 0.56 
= 0.904 B/nt 326 178 97.6 64.5 46.7 35.1 29.0 23.0 

0 
y 11.5 10.2 9.2 8.'± ].6 9.0 10~8 -

. 15.11 100F 18 3.13 4.05 4.47 5•07 5 • .52 7~24 8.91 -
eoa X. ::: ~ :X: 10 10.4 6 '.00 3.49 2.33 1. 79 1.12 o.7s -= 0.792 B/n• 283 153 82.6 51.2 37.5 27.4 22.6 -() 

. )' . 10.1 9.2 7.8 7.6 6.2 11 - -· 16 h 100.'1 3.52 4.C>7 4.33 5~18 5~31 ~.71 - -eoa ·x ~ ' X 10
18 8.89 4.82 2.92 1.85 1.51 ~.75 ... -

= o.641 B/n• 236 123 65.7 42.3 30.3 ~5.8 .. -0 

Table 1:26- Experiment·al values of, Y. and F 
gd derived values of p, ·and B/n~ - DeeeniHu~· 1~2· 
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s.A.s. 'lG (OK) 250 300 350 400 450 500 .550 Time 
y 22 15 16 22 - - -8 h 100F' 18 6.61 7.24 8. 71 11.0 - - -

coa X. = p X 10 4.03 2.31 1.23 0.74 - - -= 0.546 B/n' 209 57.0 33.6 30.6 - - -0 

y 16 14 12.7 13. 5 - - -9h iOOF 18 5.89 6.61 7.08 7.94 - - -008 ;.. :::: p X 10 · 5.92 3.31 1.99 1.34 - - -
= 0.715 B/n• 171 78.0 44.6 34.0 - - -0 

r 8.7 7.3 6.5 5.7 5.5 5 12 
10 h . 100F 18 2.75 3 .. 01 3.45 3.87 4.52 5.25 9.n 

coaX = ~ .X 10 15.0 8.62 4.84 3.26 2.34 1.65 0.74 
- 0.848 B/n' 218 108 57·9 36.4 27.1 18.7 17.1 0 

l 1) • .5 12.1 11.~ 9.8 10.8 13.5 -
11 h 100P 18 5.13 5.60 6.28 6.41 8.13 9.55 -

cosX. = {3 X 10 8.92 5.11 2.94 2.18 1.44 1.00 -
= 0.937 B/nt- 191 102 56.4 37.1 27.8 25.8 -0 

r 11.0 9.5 8.6 8.5 1_.5 a.5 10.~ 
12 h 1001P 3.55 3.78 4.31 5.10 5.47 7.08 8.91 

coa X = p X 1018 13.4 7.91 4.46 2.85 2.23 1.41 0.93 
= 0.976 B/n• '239 126 65.5 42.1 31.1 22.0 18.0 

0 .• 

r . 1.4 1 1.~ 10.9 10.0 9.8 - 1} -13 h 100P 18 4.90 5.16 5.82 6.25 7.08 9.12 -
cos X. = ~ X 10 9.59 5.70 3.26 2.30 1. 70 1 .. 08 -;. 0.962 B/n~ . 208 104 55.6 37.8 28.4 24.6 -

r 11. . B 10~~ 9 . 2 8._2 9.2 ;?;§ -
.14 h 100:9' 4.28 4.64 5.13 5.73 7.08 -
cos 'X = ~ X 10

18 10.2 5.91 3.44 2.33 1.58 0.96 -
= 0.896 · B/n' 192 100 54.2 35.3 26.5 24.0 -. 0 

r 11.7 10 •. 3 9.7 _8.1 12 - -
15 h 100F' 18 4.61 5.10 5.83 6.03 8 .91 - -

coa X. = f3 X 10 8.26 4.70 2.64 1.93 1.10 - -= 0.782 D/n• ·t65 86.2 47.3 30.5 25.5 - -0. 

r 13 10.8 12.5 - - - -
16" h" 100.i' 18 6~17 6.48 8.32 - - - -

eos X. = p X 10 4.96 2.96 1.49 -· - - -
:c o.629 B/n" 116 60.5 36.5 - - ·- -0 

•.f'Qble 1 ;az - Exp~rimental values of r a.nd l 
and,dePiTed valuea .of p aid B/n;,.- Janli~l 12!1§. 

600 

----
----
----
--... 
-
----
--------
----
-----
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I.A.&. To (OK) 250 300 350 400 450 500 550 600 Time -r 14 12.2 11.2 13 - - - -8h 100)1 18 6.03 6.52 6.92 a. 11 - - - -
coa X. = (1_ X :tO 3.94 2.28 1.39 0.83 - ·- - -= 0.487 B/n' 130 67.0 39.8 28.4 - - - -0 

y 12.q 11.~'! 10.5 9' .. 2 10.3 - - -9h 100F . 4.76 5. 31 6.03 6.2.7 8.03) - - -cos X = P. X 1018 6·.81 3. 78 2.17 1"'.58 1.03 - - -
a o.664 B/n' 300 155 85.3 57.1 41.2 - - -0 

r 13 12.1 11.2 9'. 0 10.5 - - -
10 h 100:Bt 18 5·.01 5.73 6.31 6.43 8.13 - - -

oos X. = (3_ X 10 7.83 4.29 2. 51 1.86 1'.23 - - -
s 0.803 B/n' 365 193 1'06 71.1 54·.3 - - -0 

y t2·.1 11.3 10.2 ' 9•4 9.0 9.0 12 -11 11 100F 18 4.02 4.55 4.95 5.57 6.09 7.16 9.33 -
coa X. = ~ X 10 1-0.9 6.03 3.57 2.40 1.84 1.28 0.81 -:::; 0.896 B/ n• 557 296 i62 103 80.5 56.1 47.8 -0 

y 8.9 8.4 7.2 6.5 5.8 5.3 4.5 7.5 
12 h 100F iS 2.40 2.95 3.19 3.6o 4.01 4.38 4. 79 7.76 

¢OS "f.. ::: p_ X 10 19.0 9.73 5.79 3.88 2.92 2.18 1.66 0.87 
= 0.937 B/n' 864 430 224 145 105 77.6 54·.9 41.1 

0 
y 12.1 11.4 9.8 9.2 ts.o _<>.3 11.0 -

13 h 100F 18 3.91 4.45 4. 71 5.32 5;.62 6.53 8. 71 -
oos .X. ~ p Jt 10 11,5 6.3~ 3.85 2.58 2.05 1.14-4 0.90 -
- 0.922 B/n* 727 38 203 134 96•0 73.2 60.4 -0 

y 10,8 9.6 8,3 7.9 7.3 8•8 12 -
14 h 1001' 3.61 3.92 4.34 4~97 5.67 7.24 9~55 -

eoa X.= p X 10 iS 11.5 6.66 3.87 2,56 1.88 1.20 0,76 -= 0,853 B/n' 656 348 179 119 84.0 65.8 56.4 -() 

y ' 11.,5 10.7 9.1 8.0 7.7 10.0 12 -
15 h 100F 3.89 4~41 4.74 5~06 5~15 7.85 9.17 -

cos X = ~ X 10
18 9.21 5.09 3.05 2.16 1.59 0.95 o.64 -

a 0,734 B/n' 671 358 186 121 89.5 70.7 56.2 -0 

r 9.4 7.7 7.1 6,3 5.0 9.9 - -
16 h 1001' 18 3.29 3.48 4.05 4.60 4.67 8.51 - -

eos '1- = ~ X 10 8 .51 5.05 2 .• 80 1.86 1.53 0~69 - -
; 0,574 B/n' 475 239 132 82·.5 < 61.4 47.5 - -0 

Table 1: 28 - EXperimental values of y and F 
g.nd derive d values of ,S and B/n~ - February 1246, 
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The values of y obtained are practically- all above 
0 -1 . 5 O.km. , which points straight away to temperatu~es· of 

the order of 1000°K in the F2 layer • . Further discussion 
on this point is, however, premature, because we have no 
means of selecting any pa~tieular value of T as yet. 

0 

Some indication of the correct values of T and v 0 7 

may be ob tained by pel-forming t wo tests. 

Test I. 

Since b y eqn. (1.30) 

, a cos x. 
~- = n~ ~ T

0 
' 

f3 = 
0 CQS X. 

n'T F 
0 0 

• • • • • • ( 1.45) 

As the maintenance of the layer· is presumably due 
to ionisation of a particular species of molecules or 

atoms, ~ should be constant. Cos X may be calculated 
from the Nautical Almanac, we have a value of F for 
each T

0 
from the preceding tables, while n~ will be a 

function of T
0 

which may be estimated on the assumption 
of a linear gradient between 100 and 200 km. 

From eqn. (1.19), with the same notation, but with 
subscripts referring to the height in km., we have: 

, . , . ( 200 - 100) -( 1 + C/y ) 
ll2oo = n100 1 + 'Y T.100 . • ( 1.46) 

The reason for • his choice of 100 km. as the reference 
level in evaluating n2oo is that values of n; 00 and T100 
appear to b e reasonably concordant when estimated by 

diffe r ent workers; also the temperature T100 is likely 
to change less, being close r to the earth's surface, 

than/ 
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than that at 200 km. Finally, Hulburt (1:47) and Vassy 
and Vassy (1:49) agree i n supposing t hat above 100 km. 

oxygen and nitrogen exist in the atomic fo~; thus we 
are justified in retain i ng the value 16.2 °c.km:1 for C 
which \JC huve used so far. He have estimated from the 
values given by these workers that the most suitable 
value :for n; 00 is 2 x 1014 atoms cm73 and for '.r100 is 
360°K. \/i th these values, 

and therefore , 

- T200 - 360 oC.km-1 
100 

subst~tuting in eqn. (1.46), 
/1 + 1620 ) 

14( T2oo\ - \ T2oo - 360 = 2 X 10 JbO) • (1.47) 

From this equation values of n2oo (i.e., n~ in eqn.(1.45) ), 
may be calcula.~ed for various values of T200 (i.e., T

0 
in eqn. (1.45) ). This has been done in table 1:29. 

To (OK) 250 300 350 400 450 500 550 600 

n ' 
0 

x ~-12 cm73 1.3;3 1. 76 2. 34 2.72 2.88 3.16 3.48 3.74 

Table 1:29- Values of n~ for various T~ 

·Yie may n orJ calculate values of ~ from (1 .45) for 
each of the T

0
' s assumed, at every hour fb r each month. 

These aro shown in the. third line of each section of 

tabless 1:25- 1:28. 

Test II. 

The second test depends on the evaluation of t he 
constant B, previously eli1ni nat ed by division of eqns. 
(1.31) and (1.35) on page 87. 

B is/ 
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B i s defined by eqn. ( 1.29) 
p n'I 

B 
0 ~ - C( w • • • • • • • • (1.29) 

and from (1.35) is also g iven by 

f ~-( 1 
+ Y/C) r R - N2 

F (1 + ~) . exp(1 + c> • • • 

From (1.29) it is seen that B is not a constant, since it 

contains n~ \'fhi eh is a function of' T
0

• In addition, the 

varia tion of' a with tempera ture ia of the form 

ex oc T-i 

according to kinetic theory; this may be s impl y deduced 

from e.g. (1:50). The temperature in t he F2 layer is not 

likely to vary by more than a factor of 4, e.g. from 

300°K to 1200°K, i.e., oc. changes by a :factor of' 2. 

Therefore the recombination coefficient or. will be co·nsidered 

here as a constant , and ~e may writei 

n 
nr 

0 
= 

p I oo 

OPN 

= constant 

from eqn. (1.29) 

• from eqn. (1.48) 

The q~tity B/n~, yalcul ated from eqn. (1.48) with the 

values of' F, y and T
0 

obtained from tables 1:25- 1:28, 

should be constant at all times and for a 11 months . 

Its values are shown in the fourth row of each section 

of tables 1:25- 1:28. 
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Discnssion_o:f the tests, . 

The correct value of P as remarked on page 88• is very 
doubtful. Since the tables 1:25 - 1:28 have been 
drawn up to cover temperatures ~0 from 250°K to 6oo°K• 
which range includes all esttmatea seen in. the literature, 
1 t seems very unlikely that the temperature will fall. 
outside these limi ta. On these grounds the correct · 
value of ? ' should appear in the third row of each section, 
and values in the neighbourhood of ~ ~ 2 x 1o-18 em~ 
are seen to rulfil. this condition. Choosing 
~ = 2 x 1o-18 em~. values of T

0 
have been interpolated 

to the nearest 10~, and· are given in table 1:30. 

S.A.S. if {OK) 
Time 0 

' 

{hours)_ November December· January February 

8 370 320 320 320 
9 410 380 350 360 

10 410 410 470 390 
11 480 540 410 430 
12 500 490 470 520 
13 540 460 430 450 
14 500 450 420 440 

15 490 430 390 410 

16. 450 390 330 390 

Table 1:20 ... Values of T
0 

corresponding to p. = I x 1o-18• 

Theoretically, if a value of B/n~ is · chosen to 
-18 give the same value of 1'0 as the value f3 = 2 x 10 

at a certain time 1 this value of B/n~ should give the 
identical set of values of T

0 
shown in table 1:30. 

However/ 
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November 
December 
January 
February 
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T
0 

corresponding to 
Q _ 2 10-18 ,.. Corresponding "¥alue 
I"' - x , a ~· 4> "01-, , ( - ::>) 

1.2 b .f'oom table 1: 29 o~ D'f no em 

500 
490 
470 
520 

Mean: 

93.8 
35.5 
27.5 
68.5 

Table 1:31 - Values of B/n~ corresponding to p = 2 x 1o-18, 

However. B contains ex and I 00• both of which may vary with 
temperature, and with season. sunspot activity, etc, 
respectively. Hence we shall not expect exact agreement 
in practice, To find the best. value of' B/n' corresponding 
to ~ = 2 x 10-18 em~, B/n~ data oorrespondi~ to the 
T

0
's of table 1:30 at 12 hours are tabulated in table 

1:31. The largest deviation from the mean is about 50% 
which may be considered satisfactory judged by a 

ionospheric standards. 

S,A.S, T~ l"'K) 
Time 

(hours) November December January February 

8 400 330 300 320 

9 430 330 330 400 
10 510 350 350 450 
11. 550 440 350 500 
12 600 410 370 550 
13 570 410 350 560 
14 550 420 350 550 
15 510 390 340 550 
16 470 370 310 460 

Table 1:32 - Values of T
0 

corresponding to B/n~ = 56.4 cm-;3 
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Taking this mean value of B/ n', a table similar to 
. 0 

table 1:30 maybe constructed, interpolating from the 
last row of each section of tables 1;25- 1:28. This 
is shown in table 1:32. 

The agreement between the t wo testa is very pleasing • 
as they rest on independent grounds, and therefore it 
does not seem out of place to take t he mean values from 
these t wo tables as the best representative values for 
:t'urther discussion. These are given in table 1:33. 

S.A.S. To (OK) 
Time 

{hours) November December January February 

8 38S. 325 310 320 
9 420 355 340 380 

10 460 380 410 420 
11 .515 490 380 465 
12 550 450 420 535 
13 555 435 390 505 
14 525 435 385 495 
15 500 410 365 480 
16 460 380 320 425 

Table 1:33' - Mean values or To-f. 

The absolute values of these T
0
's depend, of course, 

on t he arbitrary choice of fo as 2 x 10-18• The effect 
of changing f is shown in table 1 :.34, which is limited 
to the month of November. In each ease the value o:t' 

B/n~ was so chosen as to make the values of T
0 

equal 
at 12 hours. The choice of p thus affects the 
absolute value o:t' T

0
, but not its variation with time of 

day. 
Previous/ 
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s. A. s. p = 10-18 ~= 2 X 10-18 f = 5 X 10-18 

Time B'/n' = 60 B/ n' = 94 B/ n' = 250 
0 0 0 

( hour~) ~est I Test II ~eat I Test Il Test I Test Il 

8 470 390 370 340 280 270 
9 520 420 410 360 310 280 

10 510 490 410 .400 310 310 
11 600 540 480 460 350 340 
12 590 590 500 500 370 370 
13 590 550 540 490 390 350 
14 590 540 500 470 360 340 
15 540 500 490 430 350 330 
16 510 460 450 400 330 310 

Table 1 ;34 - E.ff'eet of' the choice of B on T - Noveniber. 
I 0 · 

Previous e stima.tes have been made o:f the mean 
temperature at 200 km., but they vary widely in ordev 
of magnitude. Uartyn and Pulley (1 :48), from 
considel~.tions or electron collision frequencies and 
of auroral spectra, have tentatively adopted the value 
of 1000°K at 200 km. in the daytime; Hulburt (1 :47) 
has assumed the value 360°K above 100 km. for lack of 
better evidence; while Vassy and Vassy (1:49), assuming 
complete d issociati oil of'" both oxygen and nitrogen, 
obtained a temperature gradient which gives T

0 
at 

200 km. as 600°K iri summer • . The values in table 1:33, 
having a mean of about 430°K, are well i~ accord with 
these estimates. It may be seen .from table 1:34 that 
a p much larger than 1o-18 would give values of' T

0 
· 

wpich arc much lovscr, and such vclues as ? > 3 x 10-17, 
suggested by Bradbury for the F2 region (1:51) would 

g ive/ 
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give T
0 

well below 200°K. This is difficult to 
justify as a daytime value, since even measurements 
made at night on aurorae in the polar regions (1:52) 
gave the temperature as 240°K. 

It may be seen that T
0 

rises towards the middle of· 
the day and falls off with some delay in the afternoon. 
This is true no matter what p is chosen to be. It shows 
that heating of the atmosphere does take place even at 
a height of 200 km., th e temperature rising by about 30~~ 

of its value at 8 hours. 

Estimates have been made by various methods of the 
•! terp.}.lera ture of the F2 reg iontt. We shall calculate the 
temperature at 300 km., T"300 , from the values of T

0 
and the cor~csponding r 's for comparison with thee& 
estimates. 

The results at 300 km. , shown in table 1:35, are 
so scattered that little significance can be attqched to 
individual variations. They do show in general that 
the temperature in summer 300 km. above Grahamstown is 
of the orddr of 1200°K. This is in agreement with the 
rough estimates for the daytime summer temperature in 
the F2 l ayer: 

(1) Appleton and Naismith, (1:54), from considerations 

of the variation in N between swnmor and winter 
noon, estimate that the temperature cannot be less 
than 1200°K 1n summer. 

(i1) Fuchs (1":55) has concluded from estimated scale 
heights that the temperature of the F2 region may 

rise as high as 1900°K. 
(iii) Martyn and Pulley (1:48) confirm Appleton•s 

result/ 

\' 
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S.A.S. November Deceniber 

Time To y T T '/ T 
coi~o 0 (of~ {hours) (OK) ( 0 0/km) . (OK} (

0 0/km) 

8 385 8.7 1255 325 18.5" 2175 
9 420 7.9 1210 355 11 .. 5 1505 

10 460 9.7 1430 380 11.4 1520 
11 515 6.5 1165 .490 5.6 1050 
12 550 5.5 1100 450 7.3 1180 
13 555 4.5 1005 435 8.0 123.5 
14 525 4.5 975 435 9•1 1345 
15 500 3.8 880 410 8.2 1230 
16 460 3.9 850 380 7.7 1150 

't: . ~ean 485 6.1 1097 408 9.7 1376 
S.A.S. January February 

Tin1e To 1 T300 To )' T 

(hours} (OK} (00/k.m} (OK) (OK) (00/l"'..m} toigo 
8 310 15.2 1830 320 11.8 1500 
9 340 13.0 1640 380 9.7 1350 

10 410 5.7 980 420 10.1 1430 
11 380 10.4 1420 465 9.0 1365 
12 420 8.1 1230 535 4.7 1005 
13 390 10.2 1410 505 8.6 1365 
14 385 8.7 1255 495 8.6 1355 
15 365 9.2 1285 480 9.1 1390 
16 320 11.6 1480 425 5.6 985 

Uean 369 10.2 1392 447 8.6 1305 

Table 1:35- Temperatures at 300 km1 
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result of a temperature of 1200°K. 

(iv) Vassy and Vasey, assuming complete dissociation 
of 02 and N2 , .obtain a summer temperature o~ 
1080°K, from the estimated seale height of 70 km. 
given by Appletqn. 

(v) Godfrey and Price ( 1 :53), by a consideration of 
the equilibrium between absorption and secondary 
radiation, conclude that the temperature is of the 
order of 1000°K, and cannot exceed 3300°K. 

It will be observ~d tb~t the mean values for T
0 

are smaller :for the mi.tsummer months December and 
January than for Novembel" and February, while the reverse 
holds for the temperatur•es at 300 km.. This g ives 

valuaule support to the expansion theory, for, nea~ the 
solstice, when heating is greatest, the atmosphere at 
20~ km. becomes heated in the middle part of the day, 

~d is forced upwards by expansion, leaving cooler gas 
to take its place. The heated mass of gas would . 
produce greater absorption of the solar radiation, thus 
preventing it from reaching the 200 km. level, ·where it 
would normally cause more heating. 

As a last interesting point, we may make an estimation 
of t he intensity of active incident radiation I~ above 
the earth's atmosphere. From eqn. (1.29) 

I ao = • • • • • • • • ( 1.49) 

We have assigned to B/n~ the value 56.4 cm73 from the 
results of teet I. The value of 0( is open to discussion, 
and seems to vanr with ion density and height, aec:ording 
to Wells and Shapley (1:56); a reasonable mean seems to 

be/ 
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-10 be 5 x 10 e.g.-a. units. fJ has been fixed at 

2 x 1o-18cm~; and the value of the ionisation potential 

w is given by Bacher and Goudsmit (1:57) as 13.55 e.v. 
:f'or 0 and 14.48 e.v. for N. As a mean 14 e.v. has be~n 
used. lienee we find 

W = 14 X 1.59 X 10-1 ~ = 2.23 X 10-11 erg. 

Hence fr~m (1.49) 

I~ = 0.313 erg em72 sec71 

Hulbu.rt { 1 :47) h~s calculated that the total black body 

radiation of energy per quantum greater than 13.7 e.v. 
received from the sua is 8 x 10-3 erg cm-2sec-1 , which is 
much lower than the above estimate • 

. Substituting back the value 8 x 10-3 in eqn. (1.49), 
we find B/n~ = 1.44, and f:rom tables 1:25- 1:28 this 
would give T

0 
at least as high as 2000°K. This is . 

ridiculous·, and we can only conclude that the sun does 
not behave as a black body in this spectral region. A 
similar conclusion has been drawn by other workers (1:51), 

(1:58), (1:59), (1:60). 

Conclusions,. 

The introduc~ion of a linear temperature gradient 
into the theory of layer formation yields equations which 

may be applied with sucoesss :for data for the ? 2 layert 

presented in the form of parabolas represen'{;ing the 
distribution of ion density vd th height. The values of 

the temperatures at 200 and 300 km. obtained a.re in 
accordance with previous estimates, and are of a more 
quantitative nature. 

The main weakness seems to lie in the assumptions 
reg arding/ 
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regarding the absorption coefficient fJ . In the first 

place its value is not f'i.xed by the theory, and in the 

second place it varies with the frequency of the radiation 

absorbed, and an assumption of a mean value is not 

necessarily justified. Again, the manner in which the 
recombination coe:f'f'ient ~ varies with the tempera.ture 

and p ressure is not well established. ~inally the 

theory is limited in its application by the assumption 

that g~ = 0 and by 1 ts neglect of the earth's aurvature. 

Re-examination of' these points seems to be the next 

step in its development. 

It should be pointed out that the assumption of! 

complete dissociation of oxygen and nitrogen above 100 km. 
is not a weakness, since a numerical recalculation is 

all that is required to apply the theory to an 

atmosphere containing constituents o:f' known molecul~ 

wei ght • 
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