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ABSTRACT 

Radio ionosphere investigations in connection with 

the International Polar Year, carried out in Montreal 

between January and August, 1933, using the amplitude 

variation method of Breit and TUV9, are desoribed. 

Especial attention is paid to the variation of equivalent 

layer height with frequency, and a statistioal analysis 

of the reoords is oarried out. This clearly shows the 

presenoe of an intermediate reflecting layer and of 

"midnight En. The phenomenon of "persistent En refleotions 

is described and a number of typioal ourves are disoussed. 

Comparison of the results with solar and meteorologioal 

reoords fails to show any correlation. Marked soattering 

in the values for maximum layer ionization is taken to be 

an indioation of unstable oonditions whioh permit the 

frequent occurrence of the above anomalous affects. 



S~TEMENT OF CONTRIBUTION TO KNOWLEDGE 
we iA 

Required To Be Submitted With Ph.D. Theses. 

1. Reoords of ionosphere oonditions for Montreal have been 

obtained on days falling near the International Polar 

Days, and will therefore be of use when Polar Year 

data are oompiled. 

2. "Persistent E" phenomena, in whiah the E echo is returned 

at a £requenay greater than one whioh penetrates the 

F layer are reported. 

3. A statistioal analysis of equivalent layer heights for 

sucoessive frequenoy ranges has been oarried out. 

This is shown to indioate that intermed.1ate layer 

refleotions, for some bands, are not only individually 

of interest, but oocur in suffioient number to be 

statistioally signifioant~ The importanoe of 

"perSistent E" reflections distorting the normal 

statistioal-frequenoy-height polygon for the higher 

electrical frequenoies is demonstrated. 
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PREFACE -

In the summer of 1932, McGill University, 

oollaborating with the National Researoh Counoil of Canada, 

decided to send out two expeditions to observe Heav1side 

layer phenomena during the total Solar EKlipse of August 31st. 

One party was to go to Vankleek Hill, Ontario, the other to 

Corner Brook, Newfoundland, these positions having been 

seleoted in aooordanoe with general suggestions made by 

Appleton and Ohapman (1) for eolipse observations. The 

investigation was under the direotion of Dr. John T. Henderson. 

who, assisted by the writer, designed and superintended the 

oonstruotion and test of most of the necessary apparatus. 

Dr. Henerdson took one party to Varikleek Hill, while the 

writer was put in charge of the expedition to Corner Brook. 

The results of the observation made at this time have been 

published (2). and need not be recapitulated here. Suffice 

it to say that the equipment funotioned in a satisfaotory 

manner, and that rather strong evidence was seoured 

indioating that the corpuscular theory o~ Chapman (3) (4) 

would have to be modified, if not altogether abandoned. (5) (6) 

In the fall of 1932, it wa.s suggested that the 

wri tar -put the equipment which had been assembled for the 

eclipse investigations to further use, running a series of 

tests to determine the normal ionosThere conditions, and 

their perturbations, in this looality. The importance of 

this lies in the faot that Montreal is nearer the North 



Magnetio Pole than any other station from whioh systematio 

records oovering an extended period are at present available. 

(See Table 1. All Tables, Figures. and Plates are grouped 

together at the end of the thesis.) The tests were to 

oonform as much as possible to the schedule laid down for 

the Second International Polar Year. (See Appendix 1. ) 

This was done, the services of ~~. H. Ross 

Smyth as assistant being made available through two grants 

from the National Research Council. Further consideration of 

the matter showed the neoessity for replaoing or redesigning 

some of the apparatus, part of which had been borrowed for 

the eclipse tests, and some of whioh, while funotioning well 

enough for a temporary field programme, was not suited to 

long period tests. The remodelling was aocomplished mainly 

by Mr. Smyth and the writer. (A description of the apparatus 

a~~pears in a later seotion.) After some preliminary tests, 

regular observations were oommenoed on January 24th, 1933. 

The schedules of the 39 tests are shown graphioally in 

Figure 1, and some notes regarding them will be found in 

Auendix B. 

After test 25 had been run it beoame necessar.y for 

Mr. Smyth to reSign his position. Dr. Henderson very kindly 

undertook to rep1aoe him, acting in the oapacity of assistant 

for the balance of the progranme, which oonoluded on 

August 1st. 



HISTORICAL SURVEY -

The very praotical bearing whioh the weather has 

on mankind's activities caused the early rise of the study 

of meteorological phenomena. Just as soon as rain, wind, 

and lightning ceased to be regarded as manifestations of 

a divine displeasure, the age-old popular weather signs 

developed, and the quest for more oertain data on which to 

base predictions led to more regularity and greater 

refinement of -observation. Records o~ aurorae have been 

discovered, for example, which date back to 503 B.C. (7), 

while Benjamin Franklin's famous kite experiments, 

performed in 1752, were but the culmination of muoh older 

speculations as to the identity of electricity and lightning. 

It was not until the latter part of the 19th 

century, however, that eleotrioal theory and technique had 

developed sufficiently to enable attempts at satisfaotory 

explanations to be made with regard to the electrical state 

o~ the upper atmosphere. In point of fact, the most obvious 

starting point for theoretical speculations, namely the great 

mass of information about lightning, proved rather misleadin~ 

in this oase, since we now know that thunder clouds rarely 

rise above 10 km. in height, whereas the regions active in 

produoing aurorae and magnetic variation, and affecting radio 

transmission, lie well above 50 km. This does not mean that 

the two are entirely independent, for as suggested by Wilson f8) 



in 1924, and recently developed by Appleton and Naismith (9), 

thunder clouds may prove to be an important factor in 

maintaining ionization 1n the upper atmosphere: we oannot, 

however, identify the two regions. 

From the evidence obtained with sounding balloons, 

first put forward in 1899 by Teissereno de Bort, we learn that 

there are indeed grounds, other than eleotrical in nature, 

for considering the atmosphere above about 11 km., or 

"stratosphere", as distinct in oertain respects from the lower 

region, or "troposphere". The troposphere is responsible for 

most of our surface weather, and the gases in it are in a 

continuous state of turbulence, whioh manifests itself below 

as wind. As a result of this mixing, the oonstitution of the 

troposphere is fairly homogeneous, although the pressure 

decreases, and the temperature drops continuously, with 

increasing height. Sounding balloons, and occasional ascents 

of manned balloons, show that at about 11 kID. the temperature 

becomes oonstant and is independent of height. It was thought 

at first that no winas existed here, and as a oonsequenoe the 

gases were sorted out by gravity into strata. It is believed 

now, however, that at times immense gas movements oan take 

place with very high velocity, owing to the lowered viscosity 

in the rarified medium. The name is conveniently retained, 

nevertheless, to indicate the entire region between the 

troposphere and the upper limit of the atmosphere (wherever this 

may be: aurorae have been observed up to heights of 800 km. ). 
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Evidence that oertain regions of the stratosphere are in an 
~. A. 

ionized co~dition has led Mr.AWatson-watt to apply the apposite 

term "ionosphere" to them. It is with the direct investigation 

of the ionosphere by radio methods that the present thesis 

is concerned. 

The credit for the first suggestion that an 

eleotrically conducting layer might be found above the earth's 

surface belongs to Balfour stewart (10), who, in 1882, 

advanced it to account for the diurnal variation in the earth's 
(12) 

magnetism. Sohuster (11 Vt~\ in 1889, elaborating spherioal 

harmonic analysis methods for investigating the distribution 

of a potential funotion, developed by Gauss (13) in 1838, 

found strong support for the theory. Later work by Schuster (14), 

Chapman (15) (16), Chapman and Price (l~), Chapman and 

Ferraro (6), and others, has practioally established,on 

magnetic grounds alone, the existence of oonducting layers 

in the upper atmosphere. 

By far the most direct methods of investigation, 

however, bave resulted from the application of radio technique 

to the problemo Marconi's first trans-Atlantic experiments 

in 1901 demonstrated the necessity of providing an explanation 

8S to why eleotro-magnetic waves followed the earth's surface. 

For some years thereafter a great deal of attention was 

focussed upon the efforts of Macdonald, Rayleigb, POincare, 

Nicholson, Sommerfeld, Love, and others (IS) (19) (20) (21) 

to account for the effect by diffraction at the earth's surface. 
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Not only could this theory not account for the size of the 

mean signal interval received at even quadrantal distanoes, 

but day and night effects and fading, first noticed by Marooni 

(22) in 1902, were not explaned. 

What is now regarded as the true explanation had 

been advanoed. independently and yet practioally simnltan-
24 

eously, by Kennelly (23) and Heavis1de {~} in 1902. They 

suggested that the ionized regions, postulated by the 

magnetioianB, would serve 8S a partial reflector and so 

ensure the return of at least a portion of the emitted energy 

to the earth's surfaoe. Fading and sunlight effects fit in 

easily with this soheme, the latter being due to the inter­

relation between the layer and solar phenomena required by 

magnetic theory. 

Use of "Heaviside's refleoting layer" was made 

in 1912 by Eooles (25) (26) to explain oertain propagation 

observations. In 1919 Watson (27) oalcu~ated the intensity 

distribution of Signals sent out from a transmitter on a 

conduoting earth surrounded by a concentric oonducting layer, 

and the experimental work of subsequent investigators, 

notably Round, Eckersley, Tremellen, and Lunnon (28), showed 

good agreement with the predioted values. at least for long Wove 

baSE communioation over long distances. 

The evidenoe for the Kennelly-Hesviside layer 

so far, while substantial, had been of an inferential nature. 
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It was olearly felt by some writers that there might be 8 still 

simpler e~lanation of the observed phenomena, whioh would 

not involve the undoubted diffioulties of the layer explanation. 

These views were expressed in November, 1924, by Smith-Rose 

and Barfield, who wrote "There are two outstanding problems 

relating to the propagation of wireless waves over the earth's 

surface whioh at present reaa1n unsolved, viz :- Wh*t is the 

agenoy which causes the waves to follow the curvature of 

the earth, thus rendering long-distance communication 

possible ? And what is the cause o~ the large and rapid 

variations of the intensity and apparent direction of the 

waves very oommonly observed at the reoeiving station and 

confined a1most entirely to the hours of darkness ?" (29) ; 

and in September o~ the same year "Adequate experimental 

evidenoe on the existenoe of the Heav1side Layer is still 

laoking." (30) 

The desired evidence was soon forthooming. 

Indeed it had been secured while the foregoing citations 

awaited printing, for Appleton and Barnett (31) (32) (33) 

published in the spring of 1925 an aooount of some 

experiments whioh they had oonduoted in Deoember, 1924, 

and Februar.y, 1925, and their results put the matter beyond 

all reasonable doubt. The theory of the methods used has 

been thoroughly dealt with by a number of 8uthDDS (33) (34) 

(35) (36), and need only be notioed in passing. Essentially 

the procedure oonsisted in making a study of the fluotuations 

in the photographio reoords of signal strength from a nearby 



transmitter. Interferenoe took place between the direct 

signal travelling along the earth's surface, oalled the 

"ground wave" and the fts~" wave, i.e. that wave whioh 

had been refraoted at praotioallY vertioal incidenoe from 

the layer overhead. In one case the frequenoy of the trans­

mitter was kept oonstant and the angle of the downooming 

ra7 was determined from natural phase-intensity-variation J 

in the second case the frequenoy of the transmitter was 

oontinuous17 varied over a small known range, the resulting 

interferenoe pattern enabling the differenoe between the 

"etfective path" ot the sky wave and that of the ground wave 

to be oaloulated. This prooedure is now known as the 

"frequenoy variation" or "fringe" method. Simple triangulation 

gave the apprOximate height 01 the layer, regarded as a 

metallio reflector, as between 40 - 50 km. by day and about 

85 km. by night, the frequencies used lYing between 

750 and 1000 Kilohertz. This is what would now be termed 

"lower laye~ refleotion". Had the fre~enoy been higher, 

the upper layer mdght well have been disoovered at the same 

time. 

The pioneer work of Appleton and Barnett was 

almost immediately oonfirmed by further experiments oarried 

out by G. Smith-Rose and Barfield (3') (38), who, by 

improved but similar methods obtained oorresponding equivalent 

heights. 

Meanwhile in the United states, an entirely 

different method of attack. now known as the "amplitude 



variation" method, or the "pulse" method, had been devised 

b~ Breit and Tuve. It was first reported in 1925 (39) and 

shortly afterward fuller acoounts were published of their 

findings (40) (41) (42) whioh appeared to be somewhat at 

varianoe with the English results. Appleton (43) was able 

to reconcile the two s.t. of observations by taking into 

aocount the differenoe between the freq.enoies employed. 

As the method used by the pr.sent writer is a development 

of this Boheme, the details will be given in a subsequent 

seotion. In brief the prinoiple is this :- A transmitting 

set is ad3usted to send out pulses of radio frequenoy energy 

and a reoeiver is set up nearby. The output of the receiver 

oontrols an osoillograph. For every pulse sent out, the 

reoeiver intercepts two Signals ( at least ), one the direot, 

ground wave (TEa, Fig. 2), the other the returned wave (TABOR). 

The time interval between the reoording of the two signals 

&s measured by the osoillograph, immediately gives the differenoe 

in equivalent path, and from this the equivalent height oan 

be oaloulated. 

The qaest10n at onoe arises as to wh.ther the 

equivalent path differenoe thus measured is the same for both 

the frequenoy variation method and the amplitude variation 

method. At first sight it would seem that the former involves 

phase velooity and the latter group velooity, these, for a 

dispersive medium being of oourse different. Appleton (35) 

and, independently, Sohelling, (44) examined the ~tter in 

detail, and in 1928 were able to shew that the quantity 

measured in both oases is essentially a group velooity. 
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Sinoe the group .elooity is altered in the ratio 

of the effeotive refraotive indioes when an eleotro magnetio 

wave passes from one dispersive medium to another, it is 

olear that the equivalent height, oaloulated by simple 

triangulation based upon the results of these experiments 

does not represent a physioal path. Appleton (35) proved 

that the oalculated height is in both oases that of the point 

D (Fig. 2). The disorepancy BD Will, of oourse, depend on , 

how the ion denSity varies with height as we pass into the 

layer. Very little is known about this funotion. The question 

haSt however, been the sub3eot of many enquiries, from 

Lorentz (45) and others (46) (47) (44) (48) (35) (49) (50) (51) 

(52) (34) (53) (54) (55) (56) to a reoent very exhaustive 

paper by Taylor (57). of whioh the first part only has as 

yet been published. These writers have adopted empirioal 

distributions and have thus been able to traoe out the physioal 

path using olassioal methods of attaok. It has heen pointed 

out, by Eokersley, (58) (59), Hartree (60) (61), and Namba (53) 

among others, that a striot analogy may be drawn between this 

treatment and that of olass1oal particle dynamjos, both systems 

breaking down in oertain oritioal oircumstances. Partioular 

interest attaohes to one of these: namely the oase when the 

effeotive f of the medium is approaohing zero. Wave treatment 

has been applied by the above writers the results of whioh 

justify oertain important oonolusions drawn from the older 

methods. 

One of these is that radiation of frequenoy f 
inoident narmally upon a stratum of ions (oharge at mass m, 
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W per am3 ) will be returned to earth provided that W is greater 

than (51) 

, ____ - - - __ (I.) 

When, for a given Nt;r is inareaaeQ just beyond the pOint 

where talation 1 holds, the radiation penetrates and is not -
returned. If we determine this value of r 

r 
/ 

oalled the 

Ori tical Penetra.tion Frequenoy (abbreviated OPF) t we thlBc 

have a measure of the maximum N in the ionized stratum. 

Rather broad assumptions whioh are involved in 

the above relation, have been subjeoted to a oritioal analYsis 

by Appleton and Naismith (51), Gutton (54), and Tonks (56). 

On the whole, however, it would appear that equation 1 will -
give at least approxtmate relative values of seasonal and 

diurnal Variation of ionio density. 

Before turning to a review of experimental results 

sinoe the inoeption of the frequenoy - and the amplitude -

variation methods, it will be as well to refer very briefly 

to the ~est1on of polarisation. The topio is very fully 

treated in the literature, and will receive only oursory 

mention here, partioularly since in the experiments oarried 

out at McGill no equipment was available for measuring 

polarization. 

In 1925 it was pOinted out by Appleton (62) 

and also independently by Nioholls and Sohelleng (63) that 

in the theories of radio propagation then current no allowanoe 

had been made for the effect of the earth's magnetio field. 



If the active eleotrio oharges in the upper atmosphere are 

in reality electrons, as seems to be established. we shall get 

a double refraction effect, and the propagation of the 

components of a ray aoross the lines of magnetio force will 

be altered. By introducing gyratory terms into the Lorentz 

equation for dispersion, Appleton and Barnett (130) and 

Nicholls and Sohelleng (65) were able to show that when any 

electro-magnetio wave passes through an ionized medium in 

a magnetio field, it should split up into two oomponents 

of different velocities, different polarizations, and with 

different absorptions. This magneto-ionia theory has since 

been developed by Hollingworth (66), Goldstein (67), Appleton 

(34), and again quite recently by Appleton and Builder (68). 

A report by Green (69) contains, as a preface to some important 

experimental work referred to below. a disoussion of the 

differenQe between the term "polarization" as used in optios 

and as used in eleotro-magnetio theory. Papers by Ratoliffe (70) 

and Taylor (5?) illustrate graphioally the effect of varying 

parameters in the functions enoountered, so that the behaviour 

of waves under oonditions approximately equivalent to those met 

with in praot1oe ma~ be estimated. 

The experimental attack has been from two directions. 

Laboratory experiments with ultra short waves passing through 

an ionized medium in the presence of a magnetio field 

indioate that the agreement with theory is fairly good in the 
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oase of selective absorption (71), (72), (73" effeotive 

refractive inde. (7'.B, and rotation of the plane of 

polarization (74). The technique is diffioult, however. 

and since the wavelengths thuB used have of neoessity to be 

extremely short, it is still doubtful whether extrapolation 

to the oonditions obtaining in practioe is fully justified. 

On the other hand one would have g.eat difficulty 

in denying the essential validity o~ the magneto-ionic theory 

after considering the results of the vast amount of "field 

work" which has been oarried out. The early experiments of 

Smith-Rose and Barfield (37) (38) in 1926 showed that the 

plane of polarization of the sky wave differed from that of 

the ground wave. Pickard (75) and Taylor (76) in Amerioa 

at about the same time produoed similar evidenoe. A year 

later Appleton and Ratoliffe (77) (78) found that the 

polarization in England, for a frequenoy of 750 Khz, was 

very nearly oiroular, with a left-handed sense of rotation 

(The observer is supposed to look along the direotion of 

wave propagation). Their analysis gave this as the expsated 

result, and in addition predioted that in the southern 

hemisphere, on account of the altered sense of the magnetic 

fiela, the rotation should be right-handed. In 1932 Green (69), 

working in Australia, investigated the point, and produoed 

olear evidenoe oompletely oonfirming the prediotion. A number 

of very ingenious methods have been devised during the past 

year or so for distinguishing between right- and left-handed 

polarization, and for measuring the amplitudes of the components. 
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(79) (SO) (51) (6S) (Sl) (82). It is found that generally 

the state of polarization in the refleoted ray agrees with 

the theoretioal analysis, but during oertain magnetioally 

disturbed periods, the sense of rotation may be reversed. 

Not only has teohnique improved in the matter of 

dealing with polarization phenomena, but it has progressed on 

general lines as well. For one thing more stable and effioient 

indioators have been introduoed at the reoeiving end. 

The first investigators made use of Duddell osoillographs, 

Einthoven galvanometers, and the like. In 1930 Goubau (83) 

initiated the use of the cathode ray osoillograph, which is 

practically an ideal instrument for the purpose. He employed 

the amplitude variation method and imparted a synohronous 

circular motion to the spot If the oscillograph so as to 

utilize effioiently the circular soreen. He and others have 

since used a linear time axis swept out in synchrontsm with 

the transmitter keying. It is somewhat easier to interpret 

the resulting oartesian figure at a glance than when the polar 

form is used. The introduotion of a high resistance into the 

low potential grid 0011 lead of a single valve transmitter, 

thus producing "squegger" modulation, was described by 

Appleton and Builder (84) early in 1932. Certain inherent 

objeotionable features have been reoently pointed out by 

Mimno and Wang (S5),who (86), as well as Herd (87), have 

deSigned thyratron relaxation osoillators for aocomplishing 

the same purpose. 



Perhaps the most important innovation. however, 

has been the introduction of automatio reoording devices, 

all operating on the amplitude variation prinoiple. Rukop 

and Wolf (88) made use of a television glow lamp oonneoted 

in the output oircuit of the receiver which scanned a 

stationary photographio film. Mimno and Wang (89) (90) 

and Gilliland (91) employ two slightly different forms of 

the same device in whioh the lamp does not rotate and 

soanning is done either with a revolving prism, or by 

affixing the photographic sheet on a barrel, as in the 

Marconi facsimile transmission system. Ratcliffe and White (92) 

and Goubau and Zenneok (93) retain the oscillograph but 

mask the face so that only a portion of the signal traoe 

shows through a slit, and thus are able to photograph reoords 

on a slowly moving film strip. The latter writers make 

extremely ingenious use of the oathode ray spot's return stroke, 

whereby an automatic oalibration of the height scale is 

registered on the film every half oycle. 

One final improvement should be mentioned. Very 

reoently Mitra and Rakshit (94) have rather amazingly suooeeded 

in utilizing the same aerial for both transmitter and 

reoeiver, a prooedure whioh few orthodix engineers would 

reoommend. They thus not only approach the limit in 

installation eoonomy, but at the same time avoid the screening 

effeot of the quiesoent transmitting aerial upon the aerial 
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. 
of the nearby reoeiver. Refleotion at absolutely normal 

incidenoe from the ionized layer is also seoured. 

Before oonoluding this review of direot methods of 

studying the ionosphere, it is appropriate that we should 

note briefly the development of the multi-layer theory now 

in vogue. It has been mentioned in oonneotion with 

Appleton and Barnett's original experiments (31) (32) (33) 

that had they employed higher frequenoies, say in the 

neighbourhood of 2000 Khz, they almost oertainly would have 

notioed that the "subsidia~fringes" (33) do not always give 

integral multiples of the "primary fringe" equivalent height. 

In Breit and Tuve's work (41), carried out on a frequenoy 

near 4300 Khz, oorresponding subsidiary eohoes were found, 

but as the resolving power of the early appsratus used was not 

high, it was thought that these were multiple eohoes whioh 

had refleoted baok from the earth. Breit, Tuve and Dahl (42), 

and Kenriok and Jen (95) later obtained equivalent heights 

in the ratio 1 : 2 : 4, whioh they again interpreted as 

refleotions from a single layer but with the third re~leotion 

mysteriously absent. Appleton, taking into oonsideration all 

the available evidenoe, Qommunioated a letter to "Nature" (96) 

in 1927, erpressing his oonviotion that there were in reality 

two layers, one at a height of about 100 Km., to whioh he 

referred as the "Kennelly-Heaviside" or "E" layer, the other 

at about 200 Km. whioh he oalled the "F" layer. Subsequent 

investigation, notably by the same writer (97) (34), and by 
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Builder (98), based on the published results of many other 

workers, have amply confirmed this theory. Appleton's 

nomenclature has beoome standard. and the upper ionized 

region is now distinguished from the lower, in most of the 

current literature, by the name "Appleton Layer". The double 

layer theory is also partioularly attraotive from the magnetio 

point of view. which Chapman (16) and others have treated in 

some detail. Frequently echoes will be returned with an 

equivalent height not an integral multiple of either the 

E or the F value. This has been acoounted for in a number of 

ways, one being that a sparsely ionized region,referred to as 

nD", exists beneath the E layer oapable of absorption but 

not refleotion (99). The velocity of propagation through suoh 

a medium would be reduoed, thus producing abnormalities in the 

effective height. There is some indication that under UBusual 

conditions eohoes may be reflected from the D region. 

Evidenoe will be offered from the present writer's experiments 

to shew this. Splitting may also be a oause of the irregularity, 

for very often indeed the reflected signal appears double, 

the explanation being that the differently polarized components 

suffer unequal velocity alterations in any ionized medium 

through which they pass, thus being separated on their return. 

As the coefficients of absorption are also different the 

relative intensity of the split echo components is disturbed, 

one or the other frequently disappearing altogether at times. 

This will also be illustrated with records obtained by the 
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writer in a later section. A third possibility has reoently 

been disoussed by Ratoliffe and White (81), who propose an 

"M" reflection, the signal passing from the transmitting 

aerial to the bottom of the F layer, thence down to the top 

of E, back to the bottom of F, and finally to the receiver. 

This would give effective heights of M=2F - E (using their 

nomenclature) which they find experimentally and which also 

a~pear in records of the McGill investigators detailed below. 

It is not unusual, hmwever, to find eohoes 

returned from an equivalent height in the neighbourhood of 

165 KID, indeed, sometimes a continuous range of heights is 

registered from some 100 KID to 250 Em. Henderson enoountered 

this in his eolipse experiments of 1932, although it was not 

mentioned in his paper (2), and Naismith (100) Sohaffer and 

Goodall (101), and Appleton (102) have since reported 

finding evidence of one or more intermediate regions. 

This has also been found in the writer's experiments. 

The following table gives a summary of what is at 

present known from radio investigation of the ionosphere :-

D layer 

Thought to exist beneath the E layer. Height 

perhaps 60 KID. (99) Low ionization. May oocasionally 

reflect waves, but usually merely absorbs and partly 

polarizes them. 

E layer (Kennelly-Heaviside region) 

Height from 80 - 130 Em. Highly ionized during the 

day. Approximate ion densities : Summer noon, 



6 x 105 electrons / om3, winter noon, 3.7 x 105 

electrons /om3• (103). Sparsely ionized during 

the night. 

Intermediate layera 

Only recently disoovered. Height 175 Km (say) (102). 

Thought to be usually less intensely ionized than 

E layer. 

F layer (Appleton Region) 

Height from 190 - 300 Km. Approximate eleotron 

density: Summer noon, 7.5 x 105 per om3, winter noon, 

5.6 x 105 (lat. about 400 N) (55). Night time height 

and ionization vary greatly. As a rule, however, 

more heavily ionized than E. Thought to be "stepped" 

or stratified in ion density. 

General -
Ratio of Summer to Winter noon ionization, approx. 

2.2 to 1 (9). 

Ratio of Sunspot Maximum to Sunspot Minimum, approx. 

1.5 to 1 (55). 

The sketch shown in Figure 3, redrawn with slight 

additions from Appleton's reoent letter to "Nature" (102) 

illustrates some of these points. Heights and eleotron 

densities are only very aDproximately to scale. Those portions 

of the ourve drav~ with full lines are fairly well established 

in their relative positions, for normal days, while the 

broken line seotion indicates oonditions in the intermediate 
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region whioh must for the present be regarded as tentative. 

Any theory dealing with the origin of the ionosphere 

must not only aocount for the above phenomena, but must also 

explain the not infrequent ooourrenoe of "midnight En. 

Appleton (97) in 1930 and later Appleton and Naismith (51), 

So~r and GOOd~811 (105) and Ranzi (106) as well as a number 

of subsequent investigators (partioularly those who have been 

operating oontinuously reoording meohanisms,) reported that 

now and then during the night, when reoombination in the 

E layer has normally progressed so far that refleotions do not 

oocur, suddenly echoes will be returned from the lower region. 

This effect lasts for a short While, after whioh oonditions 

revert to normal as abruptly as they have departed from it. 

It is usually found that the intensity of the F layer eohoes 

inoreases notioeably at the same time, but the relation is 

not invariable. Appleton and Naismith (9 ) and Ratcliffe and 

White (92) have disoussed the matter, both finding traoes of 

oorrelation with magnetic storms, and the former, fair 

correlation with a special "thunder storm index.,. Gilliland 

in a very reoent paper reproduces Borne highly interesting 

photographic reoords showing. among other things, the 

"midnight En, with magnetio curves plotted to the same time 

soale. He, as well, finds no absolute correlation with 

magnetio abnormalities. 

A phenomenon which appears to be oonneoted with 

the above has been notioed by the writer for the first time, 

(91) 



so far as he is aware. This is an infrequent oondition of 

the lower layer,ocourring during the daytime as well as at 

night, suoh that oomplete penetration does not take plaoe 

until 8 very high frequency has been attained. The F layer 

seems to behave in a normal manner, but when it is penetrated 

at about the usual frequenoy, E eohoes are still being 

returned, and these persist until frequenoies are reached 

whioh usually oompletely penetrate both layers (at normsl 

incidenoe). A letter has been oommunioated to "Nature" 

describing the oocurrence, by Dr. Henderson and the writer. 

The point will be treated in more detail in a later section 

dealing with the McGill experimental results. 

No attempt will be made here to deal at all 

thoroughly with the various theories which have been advanoed 

from time to time to account for the formation of the ionized 

layers and of aurorae. Very soon after Balfour stewart and 

Schuster's preliminary work on magnetic variation had been 

published, it was reoognized that the presence of a conducting 

region in the upper atmosphere would aid materially in 

explaining many phenomena connected with aurorae. An assooiation 

between magnetic variation and polar lights had been known to 

exist since P.V.Wargentin had drawn the attention of the 

Royal Sooiety to it in 1750, and the prospect of a logical 

basis for the observed correlation undoubtedly acted as a 
us 

stimul'" to those investdgators who, at the beginning o~ the 
'" 

present oentury, commenoed intensive stu~ of the nature and 



ooeurrenoe of aurorae, and assooiated phenomena. The results 

of the pioneer work of such men as Birkela.nd, stormer, 

Bjerknes, Vegard, and McLennan leave little doubt that aurorae 

may be regarded as an e1eotrodeless discharge resulting in 

the main from the action of the "dynamo theory" ourrents, 

which also produce magnetic perturbations (107) (108) (4). 

Upon Marooni's (22) discovery of the day and night 

effeots in radio transmission it was realized that the ohief 

agency causing this must be propagated reotilinearly from 

the sun. Various hypotheses were put forward, ranging from 

Hertzian waves to alpha partioles, among the lot being 

ultraviolet light. Commeroial operation of long distanoe 

rad.io oiroui ts aided in the gathering of a vast quantity of 

data on suoh things as fading, seasonal variation, and sunset 

effeots, and attempts were made at oorrelation with variations 

in the solar constant, appearanoe and 4isa~rearance of 

sunspots, aurorae, and the like. No very satisfactory 

progress resulted, however, because signal strength and 

atmospheriC ~ n~se whioh were the quantities usually observed. 

are funotions of a great many variables. It was fairly well 

established by 1925, however, that two agenoies were at work, 

both propagated linearly from the SUD, but one, causing the 

sunrise-suneet-night effects, travelling with the velooity 

of light, thought to be ultraviolet light ; and the other, 

travelling muoh more slowly, produving delayed auroral and 

magnetio effeots, whioh in turn were conneoted with radio 



propagation (lOg). Muoh speculation existed (and not a small 

proportion still remains) as to the nature of the latter 

entity: auroral workers, such as stormer, favouring electrons, 

and the magnetioians, suoh as Ch~pmant regarding neutral 

partioles, or an ionized but resultantly nearly neutral 

stream of particles as being more likely (110). Among those 

who have oolleoted radio data may be mentioned Piokard 

(Ill) (112) (113), stetson (114) (115), Plend1 (116), 

Austin (117), and Colwell (118). 

Meteorologists, not partioularly interested in 

the question of radio pro~agationt have meanwhile been 

attempting to disoover definite correlation between solar, 

terrestrial, magnetio, and auroral phenomena. Typioal 

examples of the immense amount of labour expended on this 

aspect of the problem will be found in papers by GI.ver (119), 

Chree (120), Clough (7), and Bartels (121). One point stands 

out strongly in this work, as it does in attempts at 

correlating radio reoeption with solar phenomena, and that 

is this : no amount of investigation has revealed a signifioant 

oorrelation ooeffie1ent when it has been oonfined to short 

periods of observation. Quite good ooeffioients oan be, 

and have been, obtained, using linear regression, when the 

means of years are available, but even then such smoothing 

devioes as weighted moving averages are oommonly employed. 

But while graphioal oomparison may oftentimes appear to 

indicate an hourly or diurnal similarity of trend, and indeed, 



may furnish valuable qualitative information, statistioal 

ana17sis, which in the end, offers the real test, shows that 

the agreement is all but fortuitous. 

When it had been demonstrated that direot 

measurements on the Kennelly-Heaviside Layer oould be made, 

it was hoped that herein was to be found a method of eliminating 

a great number of the oonflioting factors which necessarily 

vitiate signal strength observations, and that direct 

oorrelation oould be shown. It is unfortunately true, 
ex 

however, that if we ~oept the reoent work of Appleton and 
A 

Naismith (9) with thunderstorms, and that of Ranzi (103) 

and Colwell (118) with barometrio pressure, no observations 

have yielded satisfactory diurnal correlation with aurorae 

or magnetic storms, so far as the writer is aware. 

Notwithstanding this, great progress has been made 

in the field of ionosphere theory (4) (122) (123). That 
, 

ultraviolet light is the ohief agent in ionizing the upper 

layer at least, has been confirmed, and fairly oom~lete 

theories of aurorae (124) (125) and magnetic variation (121) 

(17) (6) yield results which agree remarkably well with 

observations. A "tempting" hypothesis, that the four 

ionization maxima found in the two layers (Fig. 3) arise 

from the four ionization potentials of oxygen and nitrogen 

atoms and molecules, has been advanoed by Appleton (102), 

but this is, as he admits, so ~ar a matter of conjecture. 

Skellett (126), in seeking for an explanation of the 



"midnight E" pheBemenon, has investigated the known possible 

causes of night time ion-produotion. He makes the interesting 

suggestion that ionization caused by the passage of meteors 

and meteoric dust through the upper atmosphere may account 

for the observed sudden inoreases in lower layer concentration. 

Schafer and Goodall (127) attempted to verify this by mru(ing 

a continuous determination of layer height during the 

Leonid Meteor shower of November, 1931, but their results 

were unfortunately rendered of little value by a magnetio 

storm which took place on the critioal days. The verdict is 

still "not proven". 

Considerable importance was attached to radio 

ionosnhere measurements carried out during the total solar 

eclipse of August 31st, 1932. The results obtained by 

Henderson (2) and Rose (128) confirmed almost completely 

by observations in the United states, the British Isles, 

and Europe, indicated that ultraviolet light is the main 

cause of lower layer ionization, although a more restrioted 

action by neutral oorpuscles, as favoured by Chapman, 

is not altogether ruled out. (5) (16). 

At the present time, therefore, we may say that at 

least two ionized layers exist in the stratosphere, the 

concentration in the upper one being generally much greater 

than that in the lower. Fai.rly satisfactory and mutually 

consistent theories now acoount for normal day and night 

effects, for seasonal variations, and, on the whole, 



for auroral, magnetio, and sunspot phenomena. Short period 

oorrelation between abnormal ocourrences, both in 

meteorological data and in ionosphere observation, is not 

generally good. Notwithstanding this, the outlook is not 

unpromising, for it is to be hoped that when continuous 

records have been extended over a number of years, 

greater exnerience may furnish the basis for a satisfactorily 

detailed treatment of these effects. A remark of Brunt's, 

although made in another oonnection, may well apply to the 

present situation (129) : 

"The diffioulties to be met ••• are enormous, and 

their successful solution will demand the zeal for 

facts of a Whitaker's Almanaok combined with the 

a.nalytical power of a Newton." 
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DESCRIPTION OF EQUIPI~r~ .. 

As has been previously mentioned, the amplitude 

variation method of Breit and Tuve was exclusively used in 

this investigation. The transmitter was situated in the attic 

of the Macdonald Physics Laboratory, McGill University, 

and the receiving equipment was set up in the basement in the 

home of Dr. Walter Smyth, 4822 Western Avenue, Westmount, 

the separation distance being very nearly 3.5 KID. 

Transmission thus took place roughly from lmE to SSW. 

A special direct telephone line between the two stations was 

installed so that oommunioation oould be maintained at all 

times. To ensure power synchronism, a oirouit on the 

Montreal Light, Heat, and Power Company's system was brought 

to the receiver location. This system also furnishes A.C. 

to the Physics Laboratory. 

(a) Transmitting Equi~ment 

To send out the brief pulses required for the 

experiment, a special transmitter was built. Its oircuit is 

shown in Fig. 4. Aa will be seen, it is a tuned plate -

tuned grid arrangement. Switohes were provided so that any 

one of five pairs of coils could be used for the inductances 

Lp and Lg , giving a frequency range of from 0.6 Mhz to 

something over 10.0 Mhz. A General Radio Precision Wavemeter 

was used as a standard by which to tune the transmitter. 

Three horizontal aerials were available, through another set 



of switohes. The approximate dimensions were -- Height, 

25 m ; lengths, 23 m, 35 m, 60 m. The smaller two of these 

were strung between the Physios and Chemistry Buildings, without 

masts. This aided in the absorption of horizontally radiated 

energy, thus reducing the ground wave. The transmitting set, 

being in the attic, was roughly on the same level as the 

aerial wires. High tension for the transmitter was obtained 

by using an 860 mercury vapour Rectifier Tube in a 2000 volt 

power pack. A short-circuiting switch was proviied so that 

the filter condensers CQuld be easily drained of their charge 

whenever a wave change was to be made. A resistance was also 

arranged so that it could be out into the primary oirouit 

of the high voltage transformer, thus reducing the anode 

potential to about 1000 volts during tuning operations. 

The transmitter was keyed with a ohopper device run by a 

1800 RPM self-starting synohronous motor. Into the rim of 

the fibre diSk ohopper commutator were let three brass plugs, 

two of whioh were wired together. Soft carbon brushes, in 

regulation spring tension brush holders on speoial mounting 

arms, formed the contaots on the rim of the commutator, 

whioh thu4 keyed the transmitter once per revolution, or 30 

times per second. The pulses of R.F. power were usually 

arranged to last about 0.0006 n411aseconds. The arms holding 

the brushes were adjustable so that the length of time the 

oircuit was made could be oontrolled. It was also arranged 

so that the pair of brushes could be swung around the commutator 



rim, while preserving their angular separation, for the 

"phase changing", to be mentioned later. The rated 

dissipation for the 852 valve is 150 watts, but the time­

integral of power, taken over a number of cycles, was 

extremely small. We estimated it at less than 20 watts, 

although the instantaneous peak power was probably in the 

neighbourhood of 100 watts. A remodelled broadoast receiver 

was used in the transmitting room as a monitor. What was 

ohiefly required was a device which would indicate to the 

operator whether the transmitter was keying properly or not. 

A loudspeaker was installed for this purpose, and when the set 

was in proper adjustment, the sound emitted was a rapid series 

of sharp olicks, resembling machine-gun fire. The audio 

amplifying system of the monitor was also oonneoted to the 

telephone line so that the receiving station could instruct 

the transmitting operator to change frequency, etc., by 

merely speaking into the telephone. The transmitter was 

operated under the experimental call letters VE-9-AB. 

(b) Receiving Equipment 

At the receiving station the aerial was of the 

inverted-L type, the horizontal portion being about 15 m long, 

and 15 m high. Two receiving sets were used, one having been 

especially designed for -ionosphere work, the other being a 

Silver Marshall, Type 728 SW, long- and short-wave 



commercial broadcast set. The latter, a superheterodyne, 

has a range of from 0.55 to 23.0 rlhz, a band-pass o~ 10 Khz, 

and a sensitivity of about 0.25 miorovolts per meter. 

A switoh was arranged so that the output from the power tube 

driver stage (itself resistance-coupled to the second deteotor) 

could be obtained across an anode resistor, which temporarily 

replaced the primary of the power stage input transformer. 

Thus ~erromagnetic links in the reoeiver circuit, which 

introduoe objectionable hysteretio effects into a pulse 

Signal. were avoided, while the switoh enabled the set to 

funotion normally for tuning purposes. It was not found 

neoessary to touch the automatic volume oontrol. 

The other reoeiver was built for the eolipse 

experiments in the Radio ~esearch Station at S~ough by Dr. 

J. T. Henderson. It is a superheterodyne with a range 

(at present) of from 2.0 to 10.0 tlliz, using interchangeable 

sets of coils, although by winding others the range could 

undoubtedly be extended. It was designed with the frequency 

variation method in View, and so has a flat top band-pass 

of 17 ~ and a separate heterodyne oscillator for the output. 

Its sensitivity is slightly better than that of the Silver 

Marshall set, and this, together with its wide band-pass 

range, makes it difficult to use under electrically noisy 

oonditions. The second deteotor is a diode rectifier, and 

there are no audio amplifioation stages, the output appearing 

aoross a resistor. 



As shown in Fig. 5, the output of either reoeiver 

may be oonneoted to the vertioal deflector plates of the 

cathode ray osoillograph O. The horizontal deflection is 

obtained from a thyratron time soale unit, the cirouit for 

whioh appears in Fig. 6. On aocount of the saturated diode 

across the output condenser in the latter unitt the sweep is 

nearly linear along the scale, a fact whioh is 8 great 

practical advantage. This time sweep device may be set to 

operate at 30 cyoles per seoond by adjusting the diode 

filament current, when the frequency of the power supply 

is 60 oycles per seoond. 

Thus a oartesian diagram is traoed out on the 

osoillograph screen by the spot, the horizontal displacement 

being linearly proportional to time, and the vertical 

displacement being proportional to the receiver output. 

A Cossor Osoillograph Tube, type 0, was used in conjunotion 

with a General Radio Oscillograph Power Supply Unit. 

These tubes give a very small, bright spot, with exoellent 

actinio characteristios. 

While the receiver was interoepting Signals sent 

out by the transmitter, keyed synohronously with the power 

supply, the thyratron unit, on the same power system, was 

produoing horizontal deflections in step with it, and thus a 

stationary pattern appeared on the oscillograph screen. 

This pattern was recorded by taking a short exposure 

(about 1/5 sec.) with a special box camera, into whioh 



lOO-foot rolls of fast bromide reoorder paper (speed 

250 H. & D.) could be fitted. After every few exposures 

the horizontal time scale was calibrated, as described below, 

and oooasionally the oamera was moved so that an illuminated 

watoh was in foous. By making an exposure, a record was thus 

kept of the time, to aid in identifying the piotures on the 

long strip. At the conclusion of a test, the used film was 

removed from the camera, cut into oonvenient lengths, and 

developed. Some of these records are reproduced at the end 

of this Thesis. They are discussed in the next section. 

In order to oalibrate the time scale sweep, 

switch S2 was used to conneot the vertioal deflector plates 

with an osoillator running at approximately 1000 cyoles per 

seoond. If the oscillator had been set at exactly 1000 oycles 

per second, it is easy to shew that the horizontal distance 

traversed by the spot, per vertical motion cyole, represents 

a layer height of 150 Km. But 1000 cycles per seoond is not 

commensurable with the sweeping frequency of 30 oyoles per 

~eoond, and so a stationary pattern oannot appear on the 

osoillograph screen to be photographed. This difficulty was 

overaome by first adjusting the oscillator, by ear, to 

zero-beat with a 1000 cycle per seoond tuning fork. 

The frequency of the oscillator was then slowly lowered until 

the pattern on the soreen beoame stationary. The frequency 
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of the oscillator was then at 990 hertz (the next lower 

whole-number multiple of 30 hentz). The frequency of 990 

is close enough to 1000 hertz for visual purposes, while the 

resulting allowanoe for the difference, ',,~[hen the reoords are 

being examined fo~ height measurement, does not invo~ve even 

an extra slide rule setting. 

A single further point is of interest. When the 

synchronous chopper motor at the transmitter locks into 

phase with the power supply, its rotor, and consequently the 

chopper disk, oan occupy one of only three discrete 

meohaniasl positions relative to the motor's rotating field. 

Now the thyratron unit, being a voltage operated device, 

is always tripped at approximately the same electrical phase 

angle with respect to the supply voltage wave (it depends 

somewhat on the grid bias voltage), and thus, unless the 

chopper disk happens to be keyed to the shaft in exaotly the 

right position, the pattern at the receiving end, while 

stationary, may not be oonveniently looated on the oscillograph 

screen. To provi6e for this contingenoy, the brushes of the 

chopper are arranged to rotate, as described above, so that 

the instant of keying may be brought into any required phase 

relationship with the supply voltage wave. In this manner the 

operators can oontrol the position of the pattern on the 

osoillograph sareen, and so adjust it that the best use is 

made of the available screen surface. 



DISOUSSION OF PHOTOGRAPHIC RECORDS. 

Notatio~.- The symbols used in desoribing echo 

phenomena whioh have heen developed in papers by Appleton, 

referred to in a previous seotion, is adhered to throughout 

the present discussion. They may be listed as fol1ows:-

E - Refers to the Kennelly-Heaviside region, 

roughly 80 to 130 Km. in height. 

El - First reflection from the E region. 

E2t E3 t eto.- Seoond, third, eto. suooessive 

multiple refleotions between the E 

region and the earth's surfaoe. (e.g. 

an E2 echo has travelled from the trans­

mitter to the E layer, down to the earth, 

up to the layer again, and thenoe to the 

reoeiver) • 

E'- The less delayed oomponent of a split E 

echo: the one appearing nearest to the 

ground pulse in the photographio reoord. 

E"- The oomponent of greater delay in a split 

E echo. 

Ei; Ekt - Component of greater delay in the first 

split refleotion of an E echo; component 

of less delay in the seoond split refleotion 

of an E echo. 

F - Refers to the Appleton region, roughly 190 

to 300 Km. high. 

(The same oonventions as above, regarding subsoripts and primes, 

are used with referenoe to the F layer). 



SlAohronous Noise - Disturbanoes in the power supply system 

suoh as those aaused by leaking insulators, faulty trans­

formers, etc., as well as most of the so-oalled "man made 

statio" from electro-medioal apparatus, sparking oommutators 

on A. C. motors, etc., are for the most part in a fixed phase 

relationship to the supply voltage wave. Henoe if these 

disturbances resch the receiver in an amplitude - variation 

experiment, in whioh the sweep frequenoy is a submultiple 

of the supply frequency (e. g. 30 oyoles per seoond sweep 

frequenoy as in this osse), a disturbanoe stationary in phase 

displaoement may show on the oscillograph screen, and so hinder 

the oorreot interpretation of the reoords. It is fortunate that 

this type of disturbanoe is usually reoognizable by its ragged 

appearance, and "fluttering" oharaoter, but suoh is not always 

the oase. Nevertheless, although at times it is quite impossible 

to disentangle the eoho defleotions from these "synohronous 

noise" defleotions, experienoe with pulse method work, and 

familiarity with the oommon noises peouliar to any reoeiving 

distriot will often enable a distinotion to be made. Some 

examples of synohronous noise disturbanoes will be disoussed 

below. 

TlPical Photographs - A seleotion of speoimen photographio 

reoords is contained in Plates I to V. The sequenoe of events 

is from left to right,- the first vertical defleotion being 

the ground pulse, and subsequent ones, eohoes. Under the 



first pioture of a group appe~r, at the left, the time of 

day (Greenwioh Mean Time, or Eastern Standard Time, as 

indica.ted), and at the right, the frequenoy in Kilohertz. 

For example, the record of Plate I A was made at 1238, 

Feb. 23rd, 1933, on a frequenoy of 1800 Kilohertz. Below 

the eoho pioture appears a 990 hertz time soale oalibration, 

taken immediately afterwards, as the hour mark indioates. 

That the time-displaoement relation is nearly linear is 

apparent. The distance between corresponding portions of 

each cyole may be taken as representing roughly an equivalent 

layer height of 150 Em. In the original photographs the path 

of the illuminated spot is reoorded as a blaok trace on a 

light baokground: in these reproduotions, the oolours have 

been again reversed, so that the appearance more nearly 

represents what is seen on the aotual osoillograph surface. 

As a oonsequenoe, the penoil markings for the determination 

of effective height show up in white. Parallel lines, 

perpendioular to the time axis, are drawn in order to 

faoilitate measurements, and the oalculated height is 

afterwards written in. The first point of departure from 

horizontal travel is taken as defining the echo, this being 

standard practice. 

Plate I A is a good representation of a single 

E echo returned from an equivalent height of 126 KID. The ground 

pulse has a duration of about 0.0003 seconds. Although this 

gives a clean, neat p1ature, it should always be recognized 
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that. as recently emphasized by Gilliland (91). the strength 

of signals is unduly reduced if the pulse is deoreased in 

length beyond what is neoessary to secure good resolution 

of the echo of least delay_ It should be noted that the 

square tops to the pulses, while apparently indioating 

an approach to the ideal form of pulse, are fiotitious : 

they are not inherent in the transmitted waves. The receiver 

being used was the Silver Marshall set, and its automatic 

volume oontrol produces ;he effect. Sometimes when oonditions 

are noisy this square top is an aid in determining the aotual 

beginning of the ground pulse, since the spot always traverses 

this line, no matter how noisy it is. A further point of 

interest is that, despite the elimination of ferromagnetio 

links in the reoeiver amplifier. the "tail" of the ground 

pulse is depressed below the normal quiesoent line. 

While no exact reason has been found for this, it is believed 

that flux linkage with parts of the shielding or chassis 

probably account for it. 

Plate I B is the record of a split E echo. 

Tha speoial 'fEnglish" receiver was being used, and the 

difference in pulse shape is very evident. It is thought that 

long shielded leads from the reoeiver output account for the 

characteristic exponential oapaoity-and-resistanoe form of 

growth and deaay, but since the end of the pulse is rarely 

used for measurement, the effect is o~ little consequence. 
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Split E, although it could not be oalled unusual, is of 

much rarer occurrenoe than is splitting of F echoes. 

Plate lOis another rather pretty case of E 

layer splitting. The F l~yer multiples stand out strongly, 

while the E oomponents, of whioh there appear to be three 

(thus putting it in the "boiling" olass referred to below), 

are considerab~ less intense, on aocount of absorption. 

The rapid fluctuations in the character of the photograph 

are well illustrated here from the varied appearance of the 

echoes, all these piotures having been taken within the space 

of half a minute. 

In Plate I D we see four multiple refleotions 

from the F layer, in a charaoteristic pattern. The upper set 

of piotures was taken with the Silver Marshall receiver, 

and the lower set, shortly afterwards, with the "English" 

receiver. The piotures bear out the remark made above 

that the latter receiver was more sensitive, but admitted 

more extraneous noise. 

Simple simultaneous reflection from E and F is 

shovna for two frequenoies in Plate I E. This is an example 

of "midnight En, since refleotions from 3800 Khz, representing 

an ion density in the layer of not less than 2.7 x 105 eleotrons 

per cm3, are hardly to be expected half an hour before 

midnight. 



The last two photographs on Plate I, F and G, 

are records of someone else's impulses -- probably one of 

the continuous recor~ers on frequencies near 4.0 Mhz which 

have been in operation at the Bureau of Standards (91), 

and elsewhere in the United States (85). Wandering of the 

echo train, due to lack of time sweep synchronism, is 

~pparent. The last record is quite unusual on acoount of 

the strong signals. Almost certainly, the first deflection 

in the series is an Fl echo. At a distance of some 300 KID 

the ground pulse would be quite negligible. 

Plate II A shows a signal record in whioh the 

intensity of the ground pulse is muoh less than that of the 

refleotions. Indeed, the ground wave is almost negligible 

in the fourth pioture. It is hard to assign any definite 

oause for this oondition which ooours now and then. For some 

one or two frequenoies, resonanoe or other effects must 

combine, either to absorb all the direot ray energy, or to 

conoentrate most of the radiated power into the vertical 

component. 

Plate II B is another record of normal multiple F. 

A fuzzy time soala oalibration indicates that the looal 

osoillator had drifted off the power line frequency 

harmonic (990 Khz). 

Plates II Ot D, and E are reoords of the 

8~propriately named "boiling echoes". Instead of being broken 

up into two oomponents, the reflected signal is greatly 
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L· d~de: it and seems to be made up of a number of small 

!'\hoas Jntinual1y dancing up and down. One explanation is 

.. ·1' "t t t' J .:~ ... refraoting region may not be homogeneous 

tzor ;illy, 01" tha.t disoontinuities a.re present. 

It"theI ~xplana.t1on hinging on the behaviour of the wave at 

11 ins"': 1t when ~ ts state of polarization is ohanging very 

tidly J.6S been recently discussed by Ratcliffe and White (81). 

( phc graphs illustrate the broadening effeot, and the 

t, or (E) eSl)6cially the rapid nature of the "boiling". 

(, fot: pictures were taken at intervals of about 8 seconds. 

Platea TIl A, B, and C are further examples of 

ItipL F tl"a1na oooasionally enoountered. In B, a 

j .. tiou rly large group (9) are olearly visible. It is 

fficu to get a good pioture of this phenomenon on 

30unt f the l'apidi ty wi th whioh the higher members of the 

~iea nes rand disap-pear. As many a.s 12 mul til'le 

'1 eot· 1'18 have been observed visually. 

rlate J1.1 D shows the result of interferenoe with 

;nals aused by a nearby diathermy apparatus. In this 

tanof ~be eoho posi tiona are olear1y defined, but the 

se e ~ot varies with the adjustment of the spark gap, 

tes1 have not infrequently had to be suspended for over 

lour ~oause all other signals were drowned out. 

Imp1e , high-oonduotivity sareen around patient, operator, 

mact ,6 seems to be the only cure, and this is likely to 

wi~ objeotions from the owner. 



Plate IV A is another case of multiple F 

refleotions, with this peculiarity: the third echo is 

oonsistently absent, although the fifth is undoubtedly there. 

The pattern was steadily observed in this instanoe for over 

ten minutes. and no trace of the echo was found during that 

time. It seems difficult to account for the effect on 

conventional grounds. Plate IV B is another record of the 

same type. Here the seoond echo is missing, although the 

third is prominent. Plate IV 0 shows a group of multiple F 

refleotions in which the intensity of the first component 

is praotically constant, while the higher members of the 

series vary greatly in amplitude. 

Plate IV D gives the pioture of an F echo being 

returned at a frequenoy just below the critioal penetration 

frequency. Note the large equivalent height due to the 

red~otion in group velocity as the oritioal condition is 

approached. 

Plate V A has been inoluded, both as another 

sample of "midnight En (the time is GMT). and to show one 

of the routine identification photographs of the watoh, used 

to guard against errors in identifying pictures appearing on 

the strip with log entries. 

Plate V B is a pioture of the transmitter's 

"unmodulated aWn. The effect of insufficient filtering in the 

power pack (insufficient, that is, for voioe transmission) 

is quite evident. Compare it with Piate V D. where the record 



of the quiesoent oarrier of a police short-wave transmitter 

has been taken. 

Another boiling echo reoord appears in Plate V C 

together with a typioal example of the almost oomplete 

masking of the signal by sudden noise (not synohronous noise, 

however). The aumomatio volume-oontrol limits the tip 

of the ground pulss, whioh makes it easily identifiable. 

Plate VI A illustrates transition from region E 

to region F at the oritioal penetration frequenoy. Reading 

from top to bottom we find that on 2000 Khz, E eohoes only 

were returned. The frequency was increased to 2500 Khz 

and F eohoes alone appeared. A drop to 2398 Khz still 

showed F eohoes (abnormal attenuation of the ground wave 

is present on this frequenoy), but at 2200 Khz E eohoes 

again appeared. The C. p. F. was obviously somewhere near 

2300 Khz. 

Plates VI B, a, and D show unmistakaable 

intermediate region eohoes. A very small E region echo in 

the top pioture of B is also deteotable. 

Finally, in Plate VI E we have an example of 

"persistent E". here shown on 9220 Khz. More photographs of 

this important phenomenon are not reproduoed here, although 

many are on filet beoause the echo appears the same as any 

other moderately small E. That there is an echo there, 

however, is beyond all doubt, as the photograph shows. 
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DISCUSSION OF SPECIlmN H~IGHT CURVES , 

In selecting curves of data obtained during the 

present series of tests, it has often been diffioult to determine 

what is normal and what is abnormal. On the whole, results 

from the earlier runs, under winter conditions, resemble those 

oommonly found by other investigators, while, as we prooeed 

to the later summer tests, abnormalities, such as "midnight E" 

and "persistent E" oocur more and more frequently. However, 

this is not to be ta.ken to mean that "normal" conditions 

(i.e. oonforming with observations obtained elsewhere) were 

unoommon. 

Figure 7, for example, is a typioal curve of 

equivalent layer height plotted against frequency, taken from 

the records of June 12th. E and F layers are quite well 

marked and ooouPY the oommonly accepted positions. 

At 3.6 Megahertz the lower layer was penetrated, oorresponding 

to a maximum E ionization of 2.4 x 105 electrons per cm3• 

The E eohoes appear to have been momentarily split at 2.8 Mhz, 

and an indioation of intermediate layer, at a height of 

183 Km, shows at the critioal penetration frequenoy. 

Figures 7 to 10 are a set taken from the same day's results. 

If Figure 9 were omitted, the layer behaviour would be quite 

conventional, the OFF desoending as time progresses 

(indioating that reoombination is gaining on the ionizing 

effect of the sun) until, near midnight, reflections are 

returned from the upper layer only. But Fig. 9 shows that 



about 10.30 p.m. the E layer became strongly ionized, so 

strongly, apparently, that no refleotions were received from F. 

The high point at 2.0 Mhz is likely a second reflection 

from E (i.e. E2 ). Normal conditions had been restored by 

midnight, as Fig. 10 indicates. 

Figures 11 to 14 are again taken from the results 

of a single day, June 5th. At about 6.00 p.m •• as shown in 

the first of the series, the E layer was normally ionized, 

but F reflections were rather erratic. It is possible that 

some of the upper points between 2.4 and 3.9 I~z are not 

F region, but are multiple E ; however this would seem to 

be unlikely, as multiple heights are usually more regular 

than this. From Fig. 12 we see that, although evening was 

coming on, lower layer ionization had greatly increased. 

(~ 7.8 x 105 electrons per cm3 ) Both E and F echoes are 

found between 2.0 and 6.5 Mhz, where F was on the point of 

disappearing. Shortly after sunset (1942), as Fig. 13 shows, 

E ionization had begun to resume more normal values. 

I would attribute the break in the lower ourve to unstable 

oonditions. In Fig. 13 the E refleotions are about to 

disappear at 6.5 Mhz, while in Fig. 14 the penetration 

frequency is 4.5 Mhz. This would acoount for the apparently 

abnormal height. 

Figure 15 illustrates definite intermediate layer 

refleotion, and resembles the ourve recently published by 

Appleton (102). The oharacteristio negative slope at the 
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oommencement of the F ourve, near E layer penetration, 

is present. 

An example of "persistent Elf is shown in Fig. 16. 

E ionization was very pronounced, for reflections were still 

being returned at a frequenoy of 6.0 Mhz (6.6 x 105 electrons 

per om3 ). F echoes had bean lost after 2.4 Mhz (1 x 105 

e1eotrons per cm3 ). It is true that a heavily ionized 

E region will prevent signal penetration to the F region, 

but the strong tendency upwards of F height, near the point 

at which reflections from it are lost, suggests true 

penetration. If this is correot, ionization in the E region 

was much more intense than in the F layer. The short curve 

~or heights of about 240 Km may conceivably represent a true 

intermediate layer refleotion. an E2 reflection, or a lower 

branch of the Fl curve. The first of these alternatives 

appears the most probable, since no pOints are found for 

frequenoies below 1.95 Mhz, and the height is rather low 

for a multiple refleotion from the E layer. 

The ourve of Fig. 17 is very unusual. It will be 

noted trrat the slope of the upper curve is continuously 

negative. The echo on this oooasion was followed up to the 

highest frequenoy on which the receiver could operate, 

and yet was not lost. At the same time the equivalent height 

desoended from above 300 Km to below 130 KID. The two E eohoes 

obtained. although not unusual, indioate an ion denSity 
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greater than what one would normally expeot around midnight. 

If splitting of the F eoho took plaoe, the oomponents either 

approached one another as the frequency inoreased, or else 

the upper one disappeared. The writer oan offer no 

satisfaotory erplanation for the oocurrenoe. 

Figure 18 illustrates a oontinuous rise in effective 

height with frequenoy. The height starts at E region values, 

passes through the F region, and finally penetrates the latter 

at a commonplaoe enough frequency for that time in the 

morning. This is a sample of a number of such ourves 

obtained during the tests, and would seem to imply that on 

oocasion no distinotion oan be drawn between the E and the 

F regions. 

In Fig. 19 we have another oase of "persistent En, 

this time oocurring in mid-afternoon. F echoes ceased to be 

returned at frequenoies above 7.0 ~lliz, but the E eohoes 

remained. The oritioal penetration frequency was again 

beyond the range of the reoeiving equipment. There is, 

of oourse, the possibility that the upper curve may represent 

simply a second E reflection, and not an F eoho ; but this 

does not affect the contention that the E layer maximum 

ionization passed the value 17 x 105 electrons per cm3 

(oorresponding to the highest frequenoy recorded 9.66 Mhz). 

If the upper ourve represents F eohoes, the maximum ionization 

was not, at the time. greater than 9.6 x 105 electrons per om3• 



Figure 20 has been included not only to furnish 

examples of splitting E eohoes (an unusual phenomenon), 

and "persistent En (this time about an hour after sunrise), 

but also to illustrate the methods employed in disentangling 

irrelevant eohoes from those essential ones which indicate 

the true equivalent height of the layers. Obviously for this 

purpose, multiple echoes, the upper components of "boiling" 

echoes, and M echoes may be disregarded. Consideration of 

the original photographs in the oase of points 1, 2, 4, 6, 

a.nd 7 eliminated them on the grounds of "boiling", or complex 

splitting. No.9, the effective height of whioh is ver,y 

olose to F + (F - E), was dismissed as being an M refleotion, 
5 ~ 

while ~ and! were oonsidered to be E2 and F2 , respeotively. 

This left point 8 still to be explained. Reference again 

to the photographio reoords disolosed the fact that the echo 

pioture for this height was small and indistinct. Experience 

shows that synchronous noise very frequently photographs 

in this way, and so it was deoided that point 8 could be safely 

disregarded. This clears away the oonfusing array of points 

whioh do not convey additional information. The exoeption is 

an unmarked point immediately above the F curve on 4.0 Mhz. 

It is likely that this is a splitting o~ the F echo, but the 

evidenoe available is not considered deoisive. and so it is 

left as an isolated reading. 

Figure 21 is yet another good example of "persistent 



Eft. The maximum ionization for the E layer in this case is 

10.5 x 105 electrons per om3
t while that for F is 

7.7 x 105• 



STATISTICAL ANALYSIS OF HEIGHT CURVES 

In order to determine to what variations in 

height the layers were subjeot, a statistioal analysis was 

made of recorded. heights. The frequencies used were grouped 

7 intoll' bands, and the equivalent heights for each were 

abstraoted from the mass data. Frequenoy grouping was 

as follows :-

Class Range (Mhz) 

A Below 1.25 

B 1.25 - 1.75 

o 1075 - 2.25 

D 2.25 - 2.75 

E 2.75 - 3.25 

F 3.25 - 3.75 

Class 

G 

H 

J 

K 

L 

Range (Mhz) 

3.75 - 4.25 

4.25 - 4.71 

1.75 - 5.25 

5.25 - 6.0 

Above 6.0 

Layer heights were grouped in five sets of classes :-

(a) Below 90 KID. 

(b) 90 - 99, 100 - 109, ••.•• 190 - 199 Km. 

(0) 200 - 219, 220 - 239, ••••• 480 - 499 Km. 

(d) 500 - 599 Xm. 

(e) Above 600 KID. 

The inorease in the class range at the greater heights is, 

of oourse, permissible, since the absolute error increases 

with the measured height. This analysis resulted in a list 

of the number of times a given height had been reoorded for 

a given frequenoy (crudely speaking), the usual "frequenoy 



distribution" of statistical method. (In what follows the 

word fffrequency" alone will be used for the electrical 

quantity. while "statistical-frequenoy" will denote the 

mathematical term. ) 

Statistioal-frequency polygons have been plotted 

from these data and are reproduoed in Figures 22 to 36. 

It should be noted that since the height class intervals are 

twioe as wide above 200 Km 8S below, the middle ordinate values 

have been divided in two before plotting, so that the 
. 

statistical-frequencies for the classes representing the 

greater heights will not be overemphasized. 

Figure 22 shows the statistioal-frequenoy polygon 

for frequenoies below 1.25 Mhz. The area is small, since 

observations could only be taken in this band at infrequent 

intervals. A pronounoed peak, however, shows up for the lower 

layer, with an approximate modal value of 125 Km, while the 

upper layer's modal height lies in the neighbourhood of 240 Em. 

I am inclined to regard what appear to be intermediate region 

~alues, at heights of 155 and 115 KID respeotively, as being 

without individual signifioance, although they indioate that 

ref1ec-tions sometimes oocurred in this ra.nge. 
-

Figure 23, showing the statistical-frequency polygon 

for the olass 1.25 to 1.75 Mhz, is of the same general nature, 

the modal values in this oase being about 115 KID for E, 

and 250 KID for F. 



In Fig. 24 the effect of narrowing the frequency 

range is demonstrated. The full curve is for a band 1.75 

to 2.25 ~lliz, while the broken ourve shows the distribution 

within the smaller range of 1.9 to 2.1 ~fuz. The E layer mode 

remains unaltered at about 125 y~, while the F layer mode 

has shifted slightly in the narrowing process, from 250 KID 

to 270 Km approximately. This can hardly be regarded as 

significant, for it is apparent from the shape of the curve 

that the true modes, as determined by fitting normal error 

ourves to the peaks, would lie close together between the 

two values quoted. 

A further analysis of the data for the same 

(large) range is given in Fig. 26. Here the heavy line 

represents the statistioal-frequencies of all the heights 

falling in the various olasses. The light full line 

represents those observations taken during the daytime 

(ground sunrise to ground sunset), and the light broken line, 

those taken during darkness. The very interesting point is 

brought out that the F layer height remains about the same 

for day or night, while the E layer mode has shifted to a 

perceptibly higher value. One must not, of course, expect 

here the large ranges of height fluctuation found in 

individual runs. There are a considerable number of values 

in the intermediate region, but no peaks. 

Between 2.25 and 2.75 Mhz the distrihution is 

normal, as shown in Fig. 25, exce~t that a pronounced 



intermediate layer peak appears. The modal height values are 

approximately : 125 KID for E, 185 KID for intermediate, 

and 230 Km for F. 

Figures 27 and 28 need little comment. It is 

interesting to note, however, that as the frequency is 

increased', the proportion of F layer refleotions becomes 

great~r (sinoe the E layer is more often penetrated). 

The distortion apparent in Fig. 28 may possibly be attributable 

to the fact that this frequency band was almost always noisy, 

thereby inoreasing the difficulty of interpreting the records. 

In Fig. 29, the same narrowing process has been 

applied as that in Fig. 24. The full 8urve again represents 

the broader band, 3.75 - 4.25 Mhz, while the broken curve 

is for the band 3.9 - 4.1 Mhz. Ho alteration in the modal 

values is apparent. 

Day and night values for the same range are shown 

in Fig. 30. Day measurements olearly predominate, as one 

would expect. It will be noted that so far, the frequency has 

risen in successive diagrams. We shall see that this tendency 

must shortly be reversed, for the large part played by 

"persistent E" echoes is clearly indicated by the definiteness 

and size of the "E" peak. 

concentration at the modes. 

have vitiated the results. 

The night curve shows poor 

Here again sampling errors may 

The large proportion of 

intermediate region eohoes should be noted, although the peak 

is not necessarily significant. 



Figures 31 to 33 are largely self-explanatory. 

In Fig. 31 the tendenoy of the F layer to split is very marked. 

This may be really due to F echo splitting, or it may be 

indicative of M reflections. The intermediate region heights 

are also prominent, with a modal value of 175 Em. 

Figures 32 and 33 show a falling off in F echoes and good 

intermediate peaks. The peaks at 350 and 430 KID in the latter 

figure may be due to sampling errors. 

On the last chart in this group, Fig. 34, the 

trends noted above are evident. True F region reflection 

is very sparse and shows little if any modal tendency. 

The statistical dispersion about the E region, however, is 

remarkably small, and a well defined intermediate region peak 

is also present. 

We may sum up the evidence furnished by this 

analysis as follows :- At low frequencies (i.e. around 2.0 Mhz), 

the E layer is prominent, the F layer mode is fairly well 

defined, and the intermediate layer is relatively unimportant. 

At higher frequenoies (around 4.0 1~), the E layer is still 

well defined. the F layer has gained in importance, but at the 

expense of a much larger dispersion, and echoes from the 

intermediate range are often found. At still higher frequencies 

(around 6.0 Mhz), the E layer retains its definite modal 

tendency, the F layer has lost its former prominence, and the 

intermediate layer is very evident. "Persistent En echoes 



olearly play a large part in determining the shape of the 

distribution polygons for the higher frequenoies. 



ATTEMPTS AT CORRELATION WITH METEOROLOGIOAL DATA 

Despite the faot that, as was pointed out in a 

previous section, other workers had been unsuooessful in 

trying to oorrelate diurnal ionosphere data directly with 

meteorologioal observations, it was thought worth while to 

oonsider what evidence there was available in this direction. 

Aocordingly, auroral, sunspot, and magnetio oharaoter numbers 

were obtained from the Dominion Observatory, and the Carnegie 

Institution of Washington. In two instanoes, speoial 

abstraots were very kindly made from their records for the 

purpose. Unfortunately the auroral and sunspot data wh4ch 

oame from the former source was unavoidably meagre, since 

weather oonditions had interfered with the observations. 

The information furnished by the Carnegie Institution was, 

however, complete, and hopes were entertained that relationships 

might possibly be found. 

Figure 35 is a compilation of the data as sent. 

The arrows at the bottom of the sheet represent days on whioh 

tests took place, and the other information is plotted above it. 

No reported auroral displays took plaoe on days 

of test, as may be verified by inspection. 

The magnetic charaoter numbers plotted are the 

provisional ones whioh oan occupy only the discrete values 

0, 1, 2, representing quiet, moderately disturbed, and 

highly disturbed days, respeotively. The qUiet days are not 

indioated. There were three highly disturbed days, none of 



whioh ooinoided with a test period. An examination of the 

reoords failed to disolose any relationship between suoh 

phenomena as "midnight Elf with the "ohara.oter 2" series. 

The Mount Wilson and Zurich sunspot numbers 

looked at first more promising, but such rough oomparison 

as there has been time to make since the figures were 

available is of a qualitative nature only. For example, 

the test of March 30th, following a rise in the sunspot ourve, 

was notable for the diffaculty experienoed in obtaining eohoes 

at all. There is some reason to think that the times of 

ooourrenoe of "persistent E" may tend to oluster around 

the periods of sunspot rise, but until a much more detailed 

analysis oan be made with reoords from several observatories 

available, the correlation must remain in the qualitative 

class where so much of the previous work lies. 

Thunderstorm Data - On two ocoasions it was noted in the 

test log that a 100a1 thunderstorm had been either imminent 

or in progress when "persistent E" phenomena ocourred. 

Data on 100a1 thunderstorms oovering the past five years were 

therefore obtained from the McGill Observatory reoords, in 

order to determine first, if the present year was unusual 

in this respeot, and second, if local thunderstorms, not 

entered in the radio log, showed oorrelation with unusual 

phenomena. The answer to the first question was definitely 

in the affirmative. The average number of storms, for months 
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covered by the tests. was 12. The highest on record (1931) 

was 14. This year the number of storms has been 17. 

Similar analysis by months showed that the number of storms 

in May and July of this year had been deoidedly above normal. 

But when the question of individual daily association was 

taokled, the results led nowhere. The two phenomena seem 

to be quite unconnected. Had apparatus been available for 

establishing a "thunderstorm index" similar to that of 

Appleton and Naismith (9), this finding might have more weight, 

since the ionosphere can hardly be expeoted to reflect local 

electrical conditions in the troposphere. The high yearly 

value, however, may be an indication of a more than local 

perturbation whioh also manifests itself through an 

anomalous behaviour of the ionosphere. 



IONIZATION DENSITY PHENOMENA 

Appleton and Naismith (51) (9) and others have 

shown the value of obtaining records of the oritioal 

penetration frequenoies of both layers, over extended periods, 

in discussing the variation of upper atmospherio ion density 

with the seasons, with sunspot maxima and minima, and 

during periods of solar eclipse. Special efforts were made 

to inolude as many determinations of C. P. Fo as was possible 

in the McGill series of tests, in the hope that curves, 

at least comparable with those already published, might be 

obtained. The early tests were characterized by the presence 

of periods of severe noise, which made the detection of small 

echoes near the critical frequency very difficult, while the 

prominent intrusion of "midnight En and "perSistent En into 

the later reoords, of great interest in itself, rendered 

C P F determinations not only erratic but also, so far as is 

at present known, possibly without significanoe. As a result, 

the plotted points representing ionic densities as a funotion 

of time, while exhibiting the usual general tendencies 

towards maximum around noon and minimum an hour or two before 

sunrise, are so badly soattered that they are of little use 

in formulating even approximate laws of behaviour. It seems 

probable that the very fact of their randomness may indicate 

an instability in conditions favourable for the production 

of the very unusual phenomena herein reoorded. 



CONCLUSIONS 

The results of the observations desoribed in this 

Thesis may be interpreted as indicating. not a complete 

departure from what is elsewhere oonsidered normal. but a 

decided tendency towards unusual ionization oonditions for 

protracted periods, espeoially during the summer months. 

Not only has definite individual, as well as statistical, 

evidence been found to indicate that sufficient ionic density 

may be present in the intermediate region to return echoes 

on frequent occaSions, but suoh anomalous effects as 

"midnight E" and "persistent E" have appeared a remarkably 

large number of times. While attempts at the correlation 

of individually disturbed periods with meteorological data 

have met the fate of similar undertakings on the part of 

previous i~vestigators, the significance of a peroeptibly 

higher than normal thunderstorm oount for the period under 

oonsideration, and of the great randomness discovered in 

values for maximum ionio density, lies in the suggestion 

that unstable conditions exist at present. The results 

obtained in this investigation will have to be oonsidered 

in the light of other Polar Year Observing Station experienoes 

before 8 satisfactory oonolusion can be reaohed. 
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APPENDIX A 

Circular Letter P3 
Appendix A 

International Polar Year Programme of Observations 

on the Ionization of the Upper Atmosphere. 

The present programme is dorected towards the precise formulation of 

the general design embodied in the Report of U. R. S. I. Sub-Commission on 

Radio-Work during the Polar Year 1932/33, Copenhagen, 1931, P 2 a, b, and c. 

It is based on recognition of the fact that there will be great variations 

from one national programme to another in respect of available personnel, 

apparatus, means, and methods. It is proposed that interchange of information 

on the plans for national programmes should take plaoe through the U. R. S. 10 

Sub-Commission on the Polar Year (President Professor E. V. Appleton; 

Seoreta~ Mr. R. A. Watson Watt, Radio Research Station, Slough, Buoks, Ehgland) 

in order that National Committees may heYe an opportunity of remodelling their 

own programmes to attain the greatest possible degree of similarity. 

The international, as opPeBed to the national, programma is restrioted to 

include only suoh mea.surements as can readily be undertaken by every 

participating national conmittee i to call for such measurements on suoh 

infrequent occasions as to be within the soope of the smallest expedition ; 

and to ohoose such oocasions as will provide the maximum quality in the other 

geophysioal measurements with whioh the determinations by radiotelegraphic 

means may umtimately be compared. 

The measurements called for are (a) equivalent layer heights at fixed hours, 

for one or t~ fixed frequencies : (b) suoh ra.pid determinations of equivalent 

layer heights for a variety of frequencies as will enable deductions to be made 

as to the ionization content. The oocasions chosen are the International Days 

of the Polar Year, which are the same for the magnetic, electric, 



meteorological. aerologieal, and radio programmes. In order to avoid ambiguities 

due to differences in longitude, however, the radio programme is fixed on 

the following conveIItions as to time, viz :-

The International Day is taken as beginning at 1600 G.C .T. Wednesday 

and ending at 1600 G.C.T. Thursday. No other use is made of "universal rf 

time in this programme. 

All times of observations are to be read as looal mean times for the 

observing station concerned. 

To ensure uniformity of interpretation the a.ctual dates of each 

observation are tabulated, thus obviating the need for reference to lists 

of International Days. 

On International Days of the First Order, i.e. on one day per month, 

the following measurements will be made within the quarter hour periods 

ending at noon and midnight, local mean time, viz :-

Using central frequencies of 4 mc/s and 2 me/s (wave-lengths of 75 m. 

and 150 m.), determination of the equivalent height of the ionized regions 

effective in returning these emissions to earth at substantially ve~ical 

incidence (i.e. over base lines not exceeding 25 k). These determinations 

will be indicated by "mt, (Noon-Midnight) in the calendar attac bed. 

Where observations on a third frequency can be made, this frequency 

should be 8 'IJJt} /s (37 .5m). The observations on 4 me /s are most important, 

those on 8 mc/s next in importance; those on 8 me/s will be useful only when 

ionization deJlsity is high (compa.rable with or higher than noon values for F 

region in latitude 50°). 

On International Days of the Seoond Order. i.e. on one day perl month 

displaced by fourteen days from the day of the first order I the following 

measurements will be made throughout the twenty-four hours :-

Using the one central frequency of 4 mo/s (wavelength 75 m), determjnation 

at each hour looal mean time, throughout the twenty-four hours I of the 



equivalent height of the region returning emissions of this frequency to earth 

at substantially vertioal incidence (base lines not exoeeding 25 k). 

This series of determinations will be indicated by "24ft (24 hour runs) 

in the calendar. 

On International Days of the Third Order, i.e. on the Wednesdays to 

Thursdays of the weeks intervening between weeks containing first and second 

order days, determjnations of the following general type will be made, viz :­

Measurement of the approximate ionization density in the ionized regions 

by methods involving essentially the determination of the oritioal frequenoies 

for the lower (E) and upper (F) ionized regions (i.e. for either region 

the highest frequenoy at whioh the waves are returned by that region in 

substantial amounts, at verti_al incidenoe), near noon looal mean time. 

Attention will be ooncentrated on the upper and on the lower regions 

respectively on alternate days of the third order, in aocordance with the 

attaohed calendar, in whioh days devoted to the lower (E) region_- are denoted 

by "En, those devoted to the upper (F) region by "F tl • It is recognized that 

differences in techiique will probably produce greater variety of method 

in the conduct of this type of measurement by different national committees 

than will prev~il in other parts of the fixed programme. National Committees 

are on this aocount requested to study with oare the individual detailed 

national programmes wadch will, as far as possible, be oirculated in first 

draft to all participating committees, with a view to obtaining the best 
me 

practic~ approach to uniformity in essential procedure. 

In addition to these ~perations on International Days, certain national 

oommdttees will be able to arrange for continuous recording of equivalent 

heights at other times. It is recommended that if recording on one frequency 

only is undertaken, that frequency should be 4 mc/s (75 m) ; if reoording 

on two frequencies is practicable the second frequency should be 2 me/s (150 m), 



if three, the third should be 8 mo/s (37.5 m). The days ohosen for 

continuous reoording should be ohosen in accordanoe with the following order 

of preferenoe, viz :-

(1) International days of the First Order. 

(2) Five days following days of the First Order. 

(3~ International days of the Third Order. 

(4) Days preoeding days of the Seoond Order. 

(5) Days following days of the Second Order. 

(6) Days preoeding days of the First Order. 

(7) Days following days of the First Order. 

(8) Days preceding days of the Third Order. 

(9) Days following days of the Third Order. 

(10) Other days. 

In setting out this order of preference it is assumed that the record ing 

systems will, in the first instanoe, have been applied to the programme for 

the International Days of the Seoond Order, for which they are especially 

suitable. 

Where continuous recording apparatus is not available, but where work 

additional to the minimal programme already outlined can be undertaken, 

it is reoommended that observat ions of' type NY should be made on each of the 

five days following International Days of the First Order. 

It may be possible for additional critical frequency determinations to be 

made on fixed days other than "Ett and "Fit days. It is recommended that where 

possible such determjnations should be made on International Days of the 

Seoond Order, and preferably on all International Days. 

It is further recommended that s~ecial observations be made on days of 

marked magnetio disturbanoe or of marked auroral activity. It would appear 

probable that "critical frequency" determinations, in which it may be 

necessary to use exoeptionally high frequencies, are the most promising means 

of studying relations with aurora. While the detailed mechanism of' these 



relations is not yet established, it appears probable that the ionization 

density in E region may reach abnormally high values in conditions of auroral 

and magnetic disturbance. Wherever possible provision should be made for 

immediate notification, to the radio observers, of magnetic or auroral 

activity. The most desirable arrangement would be that a magnetic indicator 

should be directly visible to the radio observer at all times. 

In all the observations made in accordance with and in addition to 

this International Programme it is desirable that data of the relative 

effective reflection coefficients of the conducting regions should be obtained. 

The absolute determination of the effective coefficients will not normally 

be possible, since the determination from single refleotions involves 

knowledge of the distribution of radiation from the emitt:ing antenna, 

with corresponding data for the receiving antenna, and since the effeotive 

coefficients depend on the states of polarization of the emitted and received 

waves. Where single reflections are obtained the relative amplitudes of the 

"ground pulse tt to the echo should be noted, where multiple reflections are 

present the ratio of amplitudes of first and second echoes is a close measure 

of the product of the effective reflection coefficaents of ground and ionized 

region. The receiving apparatus should, of course, be tested for linearity 

of response, and changes in antenna arrangements and the like should be 

as infrequent as possible. 

This programme is designed to cover observations at stations outside 

the Arctic and Antarctic Circles as well as those actually in the polar zones. 



Dates for Observations "NMtt 

1932 :- Aug. 10-11, sept. 14-15, Oct. 12-13, Nov. 9-10, Dec. 14-15. 

1933:- Jan. 11-12, Feb. 8-9, Mar. 8-9, Apr. 12-13, May 10-11, June 7-8, 

July 12-13, Aug. 9-10. 

----------~------

Dates for Observations "24" 

1932 :- Aug. 24-25, sept. 28-29, Oct. 26-27, Nov. 23-24, Dec. 28-29. 

1933:- Jan. 25-26, Feb. 22-23, Mar. 22-23, Apr. 26-27, May 24-25, 

June 21-22, July 26-27, Aug. 23-24. 

----~------------~ 

Dates for Observations E 

1932 :- Aug. 4, Sept. 1, 22, Oct. 20, 

1933:- Jan. 5, Feb. 2, Mar. 2, 30, 

June 15, July 6, Aug. 3, 31. 

Dates for Observations F 

Nov. 17, 

Apr. 20, 

Deo. 8. 

May 18. 

1932 :- Aug. 18, Sept. 8, Oot. 6, Nov. 3, Dec. 1, 22. 

1933:- Jan. 19, Feb. 16, Mar. 16, Apro 6, May 4, 

June 1, 29, July 20, Aug. 17. 



70, 

APPENDIX B 

(Memorandum prepared for i~clusion in a Prelimjnar,y Report on 

Polar Year Radio Work being carried out on the American Continent.) 

PRELIMINARY REPORT ON STATUS OF POLAR YEAR 

RADIO WORK AT McGILL UNIVERSITY, MONTREAL. QUE. 

A series of thirty-nine observation periods, starting in January, 1933, 

has just been completed. • The Impulse Method of Brett and Tuve was used, 

the transmitter consisting of a 150 watt valve in a self-oscillating circuito 

The receiving station, about 2.5 lon. a:way, was fitted with two types of 

super-heterodyne receiver. Photographic records of the pattern on a 

Cathode Ray Oscillograph were taken throughout. The equipment was under manual 

control at both stations. 

Extraneous circ~tanoes laid severe restrictions upon the possible 

periods of test : these were, however, ar~ged to fit in with the 

International Polar Days as closely as was practicable. The following table 

shows the nominal test sckedules :-

Group A - Jan. 24 to Feb. 2 -

Five one- to seven-hour tests at different times of the daye 

Group B - Feb. 8 to May 4 -

Fifteen twelve-hour tests, in three shifts, oommencing at 1300 E.S.T. 

Wednesday, 2100 E.S.T. Wednesday, and 0500 E.S.T. Thursday, one shift eaoh week. 

This oovered the whole 24 hours in three weeks, the day being either on, 

or adjacent to, the International Pola.r Day (WedJaesday). 

Group C - May 26 to Aug. I -

Nineteen eight-hour tests, in three shifts, co~ncing at 0000, 

0800, 1600 E.S.T., carried out on Mondays and Thursdays, two per week, 

thus covering 24 hours in a week and a half'. 
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In some iastanoes departures had to be made from the above schedule, 

the nominal periods being occasionally lengthened, and sometimes shortened. 

The test routine consisted of 2000 ko. and 4000 kc. echo records, 

as well as determination of the critical penetration frequency of both 

layers when possible. This was done every hour. At intervals, series of 

records were taken on certain frequencies between 1604 kc. and 6425 kc. 

for effective height determination. 

Numerical results from these records are how being compiled and will 

be reported later. 

Macdonald Physics Laboratory. 
McGill University, 
August I, 1933. 

(Signed) w. BRUCE ROSS 

A. S. EVE 
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