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1.

1. INTRODUCTION.

In 1933 1. L. &ckarsley (1) obssrved F ragion ionospharic echoes which
appeared to be migreto-ionically split into three components instesud of
the usual two. M ocourrencs of such triple splitting was not raported
agein until 1936 when Toshniwal (2) in Allshabad apd Barsng (3) in Tromso
both observed sikilar phsnomsaa, Harang was the first to publish a p'f
cuxrve of the echo structure which showed bsyond doubt that the third or &
echo was of magneto-ionic origin and that it had the following characteristics:

(1) The oritieal frequency was spproximetely %i- ¥ less than that of

the ordinary echo mmd f, less than that of the sxtraordinary echo.
(11) In the absenocs of an F, layer, at a given frequency the heights ‘

of the three types of echoes were in ths order X, O, Z upwards.
(111i) The 4 echo was weak compared with O and X echoes,

These features made it probable that Z echoes were dus to reflection
at the third possible level predicted by the ippleton-Hartree magnetie-
iomic theory. However, as we shall discuss in detail later, this theoxy
whieh explains all the Bajor features of ionosphsric propagation, does not
predict the simultanscus occurrence of thres echoes at vertieal incidenoce.
The anomely was recognised by msny workers and several slternative
suggestions and theories were advanced %o accowunt for it., MNone was
conclusive, mainly beceuse of insafficient expsrimental information,

During the war, when high latitude loncspheric stations were set up
at a number of places, it became obvious that triple splitting was a normal,
if infrequent, feature of ionocspherie observations at medium =nd high
magnetic latitudes. Heports from ieek (4), Seator (5) and Scott (8) in
Canada, Newstead (7) in Tasmenia and Rydbeck (8) in Norway showed that the
minimum magnetic latitude for regular observation was about 54° with a
corresponding maximum imeclination of the gecmagnetic fisld of about 20°,
Typical figures for the occurrence of triple splitting at three places

in northern Canada are given in Table 1.

The symbols used in Sections 1 and 2 are given on pege 4.



Such widespread observations made the problem of triple splitting
one of considerable interest. However, even by 1951 there was still no
generally accepted theory and the present investigation was initiated
as an attempt to find the correct explanation. Some P'f records of

triple splitting ate shown in Figs. 1 and 2.

Table 1.

Place Position  Geomsagnetie Dip  Percentsge occurrence
Latitude ' of Triple Splitting.

Clyde  70°N.70%. 82°N. 84°20° 1.7% 1946

Charehill 58°N.94%. 70°N. 84° Bedh 1946

portags  40.9%.00%. 6%,  78°%0' L6k 147
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Hobart. Geographic Co-ordinates 147.,5°B.  42,9°S.
Geomagnetie Co-ord inates 224.6%E.  51.7°S.
Magnetic Eloments H = .185 gauss

Z = ,565 guuss
(+}

Dip 72

o
Magnetic Variation 10,5 E.
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LIST OF SY.:B8OLS

e = cuarse of electron
m = 08ss of eleciron
e = valocity of electrounugnatic waves in frée space
LIO = intonsity of the earth's magnotic field
@© = inclination of tho earth's nagnetic field to ths vertiecal
ff = @Q@a %ﬂ% 2 gyro froquency of electrons in the ionogsphere

== -

oFme 2T
DY = collision frequency of electrons in ths ionosphere
N = 2ucity of electrons ir the ionosphore
Nmax = aaxinlim electron dencity
P = angular wave freguency
3

Ff’ = %Wﬁ{@
& = ©piopugation angle. The ungle between thue direetion of ths

)
PSS,

-

=

1
=)

0

-

earth's magnetic field and the direction of the wave

normeal,

plats
o™

P
e
PM SInE
R ;@‘?\

eritical froquency of z wave

Un ©

eritical frequency of ordinary wave

eritical frequency of extrsordinary wave
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Se

2+ RuVIEW OF LHEORLWS OF THIPLE SPLITTING,

Fundaszentel Theory.

The basic eguations of propagation in an ionised madium have been
treated in dstail by many euthors, see for example (9), (10), (11), (123).
In this section we shall review same of the fundamentols of the theory.

The displacement T of an electron in an ionised medium under the
influence of an electric field E and magnetic field 'ﬁ"o 1e givon by the
ecuations of motion:

kS, = _ = 2= ( '
\7 =—-€E oY < RN} uo )
Vie have sssumed hers that the wave magnetie intensity H is small compared

with the geomagnetic field intensity ES' This assumption is justifi=d in

the case of the ionosphsre and has the effect of making the relation linear.

We have also neglected the contridbution by positive ions and have taken

the Lorentz polarisation term to be zero.

Introducing the polarisation vector through ths relation
P =NeF (2

equation (1) bocomes:

NempP -=-e€ "/M‘)Neé "e»“‘;“r‘o (’5)

Maxwell's asquations of the wave field are given by

vt r_‘\ - .é— -§ Z D:O
. - &
P - = O
cwr lE = ""(‘. H v
which may be reduced to )
vE - qaddv E -2 (E ~4TF) =0 ()

Bquations (3) and (5) determine the electromagnstic field in the medium
‘completely. Since they are linear and homogeneous it is sufficient to
consider only harmonic time varietions of the field. We choose a

rectangular system of co-ordinates x,y,z with ths goomagnetic field in

‘ for €
the y,z plene. &guetion (3) may then be writton: (,'\Meiaow

Ex=—¢W[kr£("4;£))a - &hRy-idr B2 ] .
TR MO L B (9
Ep=-«m[ Lbch "‘%}("’% Ve 1



6.

or E =pP where % may be called the polarisa.ion temsor. By
introducing the dielectric displucement vector§=€ﬂ4"r§ we ¢sn obtain
the equivalent relation :_E,‘GE where & 1s the dielectric tensor.

If the dirsction of wave propagation is along Lhe z uxis and the mesdium

is either uniform or stratified normel to z, we muy put

2
?7(.«& ‘3%1 =0

The condition ofcv D=0 then implies that

/AN
D, = Ep 4 4l 0,

Under these conditions the six equations of (5) and (6) may be reduced

to the following four:

E = kd -—A—)f ",_9:';,—-‘——- ?7( e iz i
g et “'n[k (‘ ) |__ b\(“’%)) _5 ‘\ o
¢ ) A
Eqs ] adke 2 (e By
3\ X o - | - \\
T~ * O CBeramliy = O {> g@}
3:_@«1 b E o + T2 3 =Q J
Fo~ U

These are the basic magneto-ionic equations of propagation in a uniform
ionised medium or of vertieal incidence propagation in & horizontelly
stratified ionised medium (taking the z direction to be vertically

upwerds).

2.2 Ray Theory for a Slowly Varying iedium.

Let the electric intensity of the electro-magnetio wave be represented

by the function
—— = &b(\-—”‘fa
E =t

! AN

l-\(fi)

This . expression definesn the refractive index by ths velocity of phase

propagetion. If the'medium is slowly varying, that is

1 A , o [ {
@ z) _ 9 e ;’,/,, i A “{abe
%Ezj A~ U Fo~ oy, 1

equutions (8) and (9) mey be reduced to
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The condition that these two equetions are comsistent is that the

determinant of their coefficients is zero, that is:
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This equation has for ite solution the well known Appleton-iartres
expression for the refractive index
‘ “ S
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The refractive index is four valued, the solutions of equation(gz)
corresponding to the up-going ordinary wave,the up~going extraordinary
wave, the down-coming ordinary wave and the down-coming extraordinary
wave., The complex polarisastion of plane waves advancing along ths

z axis is defined by the ratio of the complex components of ths field

in the XY plane. Using squations (4) and (10) we obtain
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Be

Rofloction of an up=going wave is considercd 3o cececur at the

elsctron

index isc

density levol for which the appropriate vilue of the rafractive

zoro for zore collision froguency, or anprxouchas zoro whon the

collicion frocuency is small %§4¥;Q) In gonorcl, for all conditions

of wave froquency cnd geoaagnetic field, only three such levols of

refloetion ars founde The refractive index equation muy be used to

discuss the circumstances in vhich reflection at these lovals occur,

although,

describe

baaruse it is limited to slowly varying rizdic, it does not

the actual process of roflection,

Roflection Conditions.

At vortieal incidence the diroction of wave propagation remains

vartical

and the propagation angle G; will equal the iamclination of the

goonagnatic field to tho vertical at all levels. It is moceusary,

therefore, only to considor how the rofractive index chaonges with

olectron

density and collision fraquency.

(1) Collision froquency zoro.

(a) Guosi-traonsverse propagation (non vertical msgnotic f£icld)

-
{P@X ’ N
. - P T "4
AT e T e e Y
o YT NE e W \1:’ LT
P 59—0?! ‘_::—;’K‘ ' I3 ?%{} "AN 6 Kt b’) 2 "‘\Q'Dke
z\,/ g \ U (3‘(}'/ I ,‘;}(\\ N . N
ey, W%) ; lJ\"l/

The roflsction levsls(n - o) ars given by:

1.

2

Ths
1.
Ze

Se

Phe
ell

tho

polerisation of cmergont wave.

A

wN H .

_& = (- JQ‘Q\ Left hcnded.

T

0 = Hight honded.
G~

\

.

w2 = % e Left hcnded.

B o ] :

corresponding apnguler critical froguencies are:
r 6"“’""" T
Pe = & Tw | j{h’ 4 $<S
% =
pe @ W© o
?@_;: 5 @ 4'1@e§\ o ‘ﬁzﬁ
\;@ /’-\‘4’

polarisation of the downwcoming eucrgeat waves is loft-hunded

iptical for the wave reoflected at lovel 1 cnd right-honded for

ono roflected at level 2, Roflection at levels 1 ond 2 has
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long been identified with the observed doublo splitting of echoes
into extraordinary and ordinary components respectively. The
anomalous Z echo then has the properties of critical frequency
and height of reflection consistent with reflection at the third

level, that is:

f\4‘§ :>v t\qﬁL\>>ﬁ\(|
kC2* cB‘“*Ef %>7&H

%364 - %tg = bﬁ

The thres levels of reflection will horeafter be raferred to as
the X, 0 and Z levels respectively.

(b) Léngitudinal Propagation
If the magnetic field is verticel, (& =¢) we have:

™~ : . %@\
R Sy Y Y (=
P b~ g ; H}#ﬂ}
kY 20
Here, n = O when 2( %**> v

polarisation
b " Lof b Hondi
| [Ny R Hamoles]

Reracrive [noex 1

FIG. 3

Variation of Hefractive Index with c%? for the case of

Ry

Quasi-transverse Propagation.
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Rereacrive TNy

IIiGe 4
bo
Variation of Refractive Index gith “%** for the case of

Longitudinal Propagation.

(ii) Lffect of Collisions.

If a small but finite collision frequency ( _%“4;@) is used
in the uippleton~Hartree formula the zeross ond infinities of the
refractive in@ex disappear ond also the tramsition between the
quasi~transverse and longitudinel types of propagetion occurs not
at (=C but when the propagation engle is rolated to ti:> collicion
frecgucney according to thoe expression

N /
Y= %;&Stﬂ;é% { “Q)
den B

If the propsgation cngle is considered to be constont it is usual
to refer to the corresponding value of 722 as the critical collision

fraguency)%,Conversely. ir (l> is given woe have tho oritical

propagation angle at which the tramsition occurs&c.

It can be seen from Fig.5 that, using collisions, real refractive
index paths up to all three refloction levels can bs found in the cuse
of quasi-transverse ((Q.T.) propaegation. However, reflcetion at the
4 level can occur only after the X wave has penetroted the region

between the X and Z levels where the imoginary part of the refractive
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~ index, and therefore the attenuation, is high.
The refractive index curves fér guasi-longitudinal propagation

arc essentially the same a&s in the collision-free case, that is,

. o reflection can only occur at the X and 2 levels.
L ]
ye10a
P~ 242t
4 2 Q18"
* g it
g -2 ”/’ -
’l | /” s
/ i //
© og v-Ps' L) n$ 5]
p
=3
L4 .
FIGe S.

‘ o ~
Variation of Reofractive Index with.%’,\_ for the case of

Quasi-transverse Propagation (small collision frequency)

Reseacnive [roex n

FiG. 6 .
~ Variation of Refractive Index wi‘l;h_l5 . Tor the case of

Gnasi-longitudinal Propagstion (small collision froquency)
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The estimated values of collision frequency in the ionesphere
are such that Q,L. propagation can occur in the F region at vertieal
incidence only in ths imnediate vicinity of the earth's magnetie

variation ef

poles. For example, Fig.? shows & curve of/collisior freguemcy with
height, published by Gerson (18). From this we obtain the curve shown
in Fig.8 for the inclination of the sarth's magnetic rfield nscessary
at different heights for Q.L. propagation. We see that in the F
region above 200 Km. Q.Le propagation will occur omly at places where
the magnetic fisld is closer than 2.60 to the vertieal.

According to the vertiocal incident Appleton-Hartree ray theory,
therefore, the only way in which simultanecus reflectiom at all three
possibls levels ¢an occur &t medium magnetic latitudes is through
the Q.T« propagation of the X wave up to the Z level, This
mechanism was férst proposed by Mery Taylor (14). It would produce

extraordiparily polarised Z schoes and could, therefors, be tested

expsrimentally by polarisation methods,

per sewand

0o*
I

0%
1

CoLLSon FlREQUINGY

T2
0

e

° ‘oo i00  so  aco

HEWCHT Ko

FiG. 7

Variation of Estimated Collision Frequency with Height.
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_%‘ and E‘“ becoms identical for a certain value of the polarisation
X

ratio ;Pii and thus they belong to the sume wavs solution.

P>c
This condition Ex_ £« mey thorefore be used to define the two
Px
prineipal modes of propagation, having the polarisations
= o
jui L2 88 t_z - Uy
s Ex

where u, and u, are obtained from equetion (13), thet is:

2

i P S T )] (7

Using these relations betwoen E. £‘1 Fxxfﬂ Jin qquation (8a) it may be
1 )

easily shown that
2 e _ 2
D", 7 M E“‘{t , D‘(\:ﬂ'\-E‘fﬁ. ; D){,; :M‘Ex‘ D’\( /KNEK

4l1so, using the relations

D)L” DX1+D1\ .D"’ il D“i( TD@E%

and by forming new field componsnis ||, ”-2_ according to the

transflormations

el It 2
= (i, ™
then equations (88) end (6b) finally mey be reduced to the following two

coupled wave equations

éLi“ +(M.+MJI| | %:i; -=~-‘2<25JT§M

2 Tr‘:. (h/ﬂz 1—M>\T -0 )M mléﬂ_\,ﬂ\

vwhere ™M= — ) 3M
-y &=

M is termed the coupling coeffiocient since, wvhen M is negligible, equations (ﬁ)

become uncoupled and separate Q and X solutions can be obtained, “his 1is

the case over all but locel regions of the ionosphsre und, except in these

coupling regions, there is essentially independent propagation of the

ordinary and extrsordinary modes., We may obtain approxzimate soclutions to

these equations of the well known W.K.Be type
..,,L e - A Jf &ﬁkdz

e (k) (Ae B (2
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providing seweral conditions are setisfieds It is necessury thet the
coupling coefficiont be smell, that isb4\<ﬁi Ezszumithe right~hond
side of the oguation is sallowed to have only achegligible effect;
also we needégkﬁ,\ the condition for a slowly vurying msdium.

The first :;rm in thes solution represents an up-going wave travelling
in the 4 direction. Inxého neighbourhood of a reflection point the
approximate solution breaks down and the up-going wave is transformed into
a downecoming wave represented vy the second term

Since the refractive index is four valued it may be represented as
a single vclued function on a four shested Kiemann surface, using the

height 8s a complex co-ordinate 29,0.4—4..\’ Branch points connscting the
up-going and down-coming sheets are defined by ﬂ(z)r-o or by ’Ilé)=d°.
Coupling points which connect ordinary and extraordinary shests are
defined by ,=M~. The polarisation vector A=F| at these points
and consequently ths coupling coefficient bocomss infinite. Fig.9
shows the loeation of the braneh points in the Hiemann surface., The

rofloctiion points are given by

BT s eiY aed b o7 {v;:.. 2 @Q

and the coupling points by
‘1 . -

_h = |- LY T AV (22)
Since ths W,K.,Be approximation is restricted to a slowly varying medium,
it obviously cannot be used in the neighbourhood of 2 brunch point.
But if it is possible to find a good path aroudd the brsneh point, such
that the condition b,of;\«m\ is fulfilled, the solution is useful and

z

the transmission coofficient can bs expressed by

~ [ rrda
T= e

If ths existence of any good vath ean be tskon for gronted it is convenient
for oczleulations to use & psth right over the brrnek point,

In the case of “.L. propagation to the ¥ levsl, we cre intorested in
the transmission cosfficient of the ordinary wave through the J.T.
ordinary levol of reflcetion. The integration is carried out along
the line

P LY AN ke A=Y




_which joins the coupling points. At the ordinary reflection point
' we have’ A= n1nd at th_e'_ coupling points /\?—I v, Aiong this

line for whiohpﬁ}‘: we mey write the Appleton-Hartres formule .

C:m)

N l’”"\ * ”‘(“‘ ”M

T
¢
Ve 10 /see
‘ 6, 18*
a.
Coumneg Powt 2
A
s ! i
J k
o3 v s Ay
X I?:F\t."m o nmcm« luiln.!:‘rnn R'(",J
Pour Point
8]
'
? +
H | Couptirg Pomvr |
e [

FIG. ©.

 Branch Points and Integration Path in the Complex Plaps.

2 Retr) P=3pa
' —%a |
% &, =18°
£ B,
; k-
2
F o
9
i ° e
&‘ Im(ﬂ‘
I 1\;)‘
o5 .ﬁ <o

| FIG. 10. .
Variation of‘Refracti've Indek élong th’aLj.ne joining the

Coupling Points. -
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The integration is carried out between the real sxis and the nezrer
ecoupling point (2). Since in Fig.1l0 the real exis occurs at /\ ,%)l
it is obvious that as ),->) the position of the couplimg point
will approsch the resl axis untilivhenY=>} the integratiom path
remains én the real axis through the coupling level. The coefficient
of transmission of ordinary waves through the coupling level will
then decome unity. Thers will thus be 2 continuous transition from
QeTe reflection at the ordimary er coupling level %o Q.L. reflection at
the Z levsl with reflection at both levels over s certain range eof
values of Vs &

Although Rydbeek advanced the coupling theory as an explanation
of triple splitting, he did not consider in detail the applicatior of
the thsory, using typical F region values of collisienm frequency.
When this is dome it is found that the predictiom of the coupling
theory do not differ essentially from those of the Appleton~Hartree
ray theory except at places where the magnetic field is very nearly
vertical, Fer exemple, Fig.ll whows the results of ceslculations of
the power transemission coefficlemat of propegation of O waves twiee
through the coupling level for different corditions of magnstie field
and collision frequency, The attenuation according to the Appleton-

Hartree theory is also show.

) .
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It is obvicus thaﬁ the coupling thoory, instecd of providing an explenation
of vartical incidones triple splitting in the ¥ region at middle

latitudes, actually deomomstrates the revorsz, that is, it is most

unlikely thot triple cplitting is due to G.L. ponetration of the

0 vave through tho coupling lovel., Hovwecver, as we have seen, such '

o mechenism would produce ordinorily polarised 4 echoss ond ecould

therefore be tested by polarisatidn mothods.

Oblique Incidence iriple Splitting,

In 1950 Scott (6) and Diomingor (18) indopcndently proposed that
ordinarily polarised 4 echoes may bs due t0 obligus back-scattering of
part of the imcident wave. Scott suggested that lonsitudinal
propogation may occur alonzg tho dircction of tho g:cmagnotie flald
with 4 echo roflection by iomosphorie irreamlaritiss neor the magnetie
zZenith of the observer. Phis idea was not workzd cut in any éetail,
elthough observations by Diemincor indicated that ¥ roglon triple
splitting was qssoeiated vith the oecurrones of cprecd ¥ cechoes, that
is, with disturbod ionospharic com.itions uadar vhieh obligue baok=

seattoring from ionospheric irregularities might bo ezneotod.

SULIary.

It hes been the intention in this roview to describe the
position cf triple splitting thoory as it was in 1851 when this
investigation was begun. £s we have soen, ydboex's gas the only
theory which has baen comsidersd in dotail amd this gawve & nagative
result. The othor possibilitics of the Q.Te. X wove Z echoes of
tery Yaylor and of tho obligue backe-seattored schoss of Seott ecould
not bs assessed at the tims and 1t‘was folt that the most convineing
vay of arriving at tho corract explanation would bz to obtain
additional unambiguous experimeontal evideaee of & echo characteristies.
The properties which Z ochoos might be expected to hovo, ccecording to the
throe alteranative explamations, &rc sumnarisod belcw:

iype of Propagaticn Fclcrication Dirsction
of Lrrival

Mory Yaylor Guasi=transverse X Vertical
Zckersley and Rydbeck Gnosi~longitudinal 0 Vortier

Scott and Dieminger Oblique 0 1€°
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I% is cloar that lknovledge of ths sznss of polarisation end of
the dircetion of arvival of 4 ochoce would iced ¢o (ofinibte cocaclucidns
regorling the actucl usebiniem of ¥ rogdon $rizic s:olisving. who

reouilso 0f msacuzements of tloss queatition, whioh woro Gl &b

Hoburt, cre dlseussed in tko noxb osetlon.
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3, POLARISATION AND ANGLE OF ARRIVAL MEASUREMENTS.

3.1 The Polarisation of Z echoes.

Polarisation measurements, using the circular polarisation
receiver described in Section 7.1,were begun in August 1951.
The polarisation sense of all echoes was recorded automatically
once hourly on a fregueney of 3.3 Mc/s. Observations were synchronised
with a P'f recorder which was used to identify the Z echoes. For
the two months from August to October 1951 Z echoes were recorded on
four occalionp. In all cases the polarisation was approximately
cireular in a right-hnnded sense, that is, the echoes were ordinarily
polerised. Fig.l2 shows a typical photograph of the echo polsrisations
and Fig,1l3 a tracing of this record superimposed &t the operating
frequency on the simultaneous P'f record, At about the same tims this
result was confirmed by polarisation measurements on Z echoes udo

independently by Hogarth (17) in Cenada and Lsndmark (18) in Norway,

Hobart.
20-8-01
zecko
2000 hours.
A €hg | ~ Oedho

L_@i«f’ “4~M Qvﬂw"’ Pha~dded

?a‘wft'jed‘ echero palansed € hres

FIG. 12

Polarisation Record showing the presense of a Z Echo.
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FIG.13 Tracing of Fig.12 superimposed on Simulteaneous P'f Rgeerd: .
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zhe ingle of Arrival of & Dohoes.

o determino ubsther tho ordinarily polarised ¥4 echoss vere due
to vortical or obliquo incidence propagation, direction finding
measursuionts wore begun in July 1952. The teebnicue used wos the
wall knoun onc of obsorving ths phass diffurence batween the signols
inducad in two spacsd loop serlals by a seloetod down~couming echo.
(Ross et al (19) ). Tho signals were amplified by o twin channel
cathods ray D.F. rocsiver which is described in Section 7.2, togather
vith associated equipment and the aetual obsarvationnl teohnigue.

Thé quantities measured were the vertical angls of arrival g%)é
in the plans contcining the geomagnatie f£iold, cnd the vertieal angle
of arrivalgf4iin the B-W Plane. The results are sumnurissd in
Yable 2. The direction of arrival of % echoos was obsorved to
vary in o random nonner over a range of a fov (egreas with msan
directions of 0.7 Ue cnd 0.2%%, of tho verbical. ¥hs Z-U direction
vas not signifionntly difforent from zero.

It is opptrent that F region Z echoes orc due to oblique
ineidcnee buckscattor from ionospherie irregnlorities, although the

ongle of ineidenes is considerably less thaon was expected.

TABLE 2.

Date Tims [lo. of 4veorage Dirsetions Usviationo from ilean,
rve o N SV R U Tt
Obsorvaticns. Q®£ v e Ldz- il

Degraes Il. Degroos Degrees  Degroes.

3-0-52 1540 18 9.05 <55 B, .54 48
10-9~52 1540 22 8.75 .1 L. o47 NY3
17-0=52 1530 19 9.0 5 D. oG9 036
18-9-52 1390 21 2.0 «2 E. o748 o55
26-9-52 1535 20 8.8 .3 EB. «52 o4
1-10-952 1550 23 Ded o 1D U, o7 B
3-11-52 1750 102 8.65 - 55 -
22-4-53 1730 21 8.9 - .68 -
26-4-53 1710 28 9.1 - 6 -
1-5-53 1700 21 8.4 - o4 -
2-5=53 1716 114 8.55 - o34 -
12-5-53 1600 31 8.5 - 65 -
18-5-53 1615 73 8.95 - 59 -
22-5-53 1603 150 8.6 - 55 -
20-5-53 1600 20 8425 - «75 -
5-6-53 1615 38 942 - .6

Average 847 28 .56° .47°

Wave frequency = 4.65 Mc/s
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4. its TZcORY OF TRIPLE SPLITLING.

To dGetermine the rsason for the observed angle of arrival of
4 echoes it is necessary to exasmine the conditions of oblique
incidence propagation in the plane of the gsomagnetie field.

Although Booker (20) has developed an oblique mcidenoe magnetoe-

ionie thsory, this is unsuitable for surveying propagation conditions
over a wide rcnge of angles of incidence, except in thoss ceses where an
analytieal solution can be found, that is, E.W. propagation and N.S.
propegation at the magretic equator,

We, therefore, uss a graphical msthod developed by Posverlein (21).
With this method any unusual featuros in oblique incidenes propagation
&re obvious by inspection.

Poévorlein'a Method.

For any region of uniform electron density we may draw a polar
diagram of refractive index against propagation angle with respect to
the geomagnetie field direction, using the Appleton-Hartree refractive
index equation. Suppose the region has an upper and lower boundary
end that an E.lM, wave is incident on one boundary from outside at angle
of incidenee C@t + The direction of ths wave mormal in the region
may then be determined as follows:

The polar diagram, which is analogous to the refractive index
ellipsoid of crystal optics, is orientated centrally em a rectanguler

co-ordinate system OX, OY, 0z im which the plane y = o is parallel to

the medium boundary. The plame z = o contuins the magnetie field direction.
A line drawn through the diagrsm parallel to the OY axis and distance

San LE%, from the origin will interssct the refractive index surface

in at leust two points. The direction of the lines joining thess points
to the origin give the directions of the wave normal within the medium

for an angle of incidenes C{l( (See ¥ig.(14) ). The two directions

found in general correspond to waves incident on opposite boundaries.

This result is obtained simply from Snell's law®

-

4 ‘51;\’\’?, :sm% Qr: QA€ “’Tf iet/u..ﬂo«
It may also bs shown that the direction of energy flow in the medium

is given by the nomsal to the surface st the point of intersection
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Hefractivae Index Polar uiegram. J4=wave, Collision iracuency woro,

4.2 dipplication to iriple Lplitting,
It is obvicus from these diagrams thet unusu 1 propagution of an

up=geing ordinsry wave may occur when the onile of incideanes is given

by the x co-ordinate of goint ¥, which is comaon to voth the o aud X
familics of curves, .For this angle of incidence the refrsctive index
end direction of wave moxmel of the ordinary wave just balow the level
_E,;t: { will bYe very nearly tic saup as thoée of the o wuva just above
fhis lav:l. uines both the U curves forﬁjlg:éi and the 1 curvas for }£>g
ere obtsined from the same solution of the .ipplatoneiartrss agustion
{negative sign before the squsra root) the wave volsrisstions will also
bas the sime. 1hess features suggest that on up-going ordinary wave

Wwith this angle of incidence will pass through ths normsl lsvel of
reficction st E(i;zg(( and continus on until refiscted st the higher lovel
nesy Eﬁ@i; q ﬂ%& On its downward path the wave will run into #n infinite
refracf:lve index barrier ulightly below the,%ﬁ = § level. Iif scattering
occurs during ths orocsss of reflection sufficient ensrgy muy be scattered
back along tho incident path to producs obszrvable obliyus incidence

« oachoese ‘LThe refractive index pstis for ungles of incidence near

the oriticul engle mcy be illustrated by dolbir; Jooker's ¢ o 47@,@//3({@?
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as a function of electron density. <Theso curves are shown in
'igs.17,18,19. The éritical angle @f i{ncidence is obtcined from

ths co-ordinatss of u point ', tuat is:

S Cbc = k ‘.;;jzﬂ Sin e

= {5‘4

~ LM
%

After arriving at this explanation of oblique incidence 2
echoes it was discovered that Povorlein had also suggested that
an O wave might be propagated through the 0 levol of reflection
when the angle of incidence is given by iquation (25) « owever,
he apparently aid not consider the possibility of the backe

scattering of such a wave.
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4.3 Comparison with Experinent,

4.4

The critical angle ¢f incidence equals clmost exactly the
obsorved engle of arrival of 4 echoes. ¥i@.80 shows curves of
(ga; for different frequencies and values of ragustic dip,
togother with the obsorved angles of arrivale That ths cpreelent
is not accidental wos shown by indepeadent engle Zscsursnents of
« echoss made in Germany by Mollsr (22) under different conditions
of frequency and magnetic fielde His results are clso gilven in

Fig. 200

© AnerLE ov36QVLO Sy

UL e, (G, 24°)

O OBtERvATIONS Av
HonaATY (On-1@%)

£
e .j; =-S5 Mcfs
| “yl}dl ~
G?f- ;zcakbhi)
°© ' 2 3 T a4

P

Pu

FIGe 20

Variotion of the oritical angle of incideage with

frequency and magnetie dip.

These results thus afford an experimentol demonstrotion thot F region
Z echoes are due to backscattered O waves which hevs penetrated the

Q) 1level of reflection at oblique incid=nce.

affect of Gollisions,

In the case of vertiecl incidencs propagotion the intzoduetion
of collisicns inercases from zoro the propagation angle for which
quasi-longitudinal panetration oi the () levei can occur. It is
of interest to see whether cn anzlogous cltuction exists aear the
critical anglc of obliqus incidence. At vertieal incidence a useful

criterion for quasi-longitudinal propagation is that the refractive
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index curve of the O wave is continuous through the O  level
and up to the ;Zf level, For quasi-transverss propagatiom &
discontimuity exists at the (O 1level. By sniélogy one might expect
that for a range of engles of incidence near Cbg, 0 wave refractive
index paths comtinuous through the QO 1level might be obtained.
The refractive index polar diagraums using a tynical value of

collision frequency in ths F region ars shown in Fige, 21 and 22,
Here points P1 and P2 are the coupling points at whieh the complex O
and X refractive indsces are equal for EP::‘ « They occur at the
2T to Q.l. transition propagatiom angle. The curves foz'h;;’v‘

are markedly differean$ from the collision-free case. l‘or\l - %:‘ 7ol
in the case treated the difference becomss negligible.

The simplicity of the Poovorlein diagrems disappsars when
collisions are included and q curves pletted from them show a number
of unusuzl features, Fer angles of incidenee betweea zere and (1?(
the up-going O wave curve does not conrect simply at the O level
with the down-coming 0 curve, but instead jeins the X surve whioch
eventually resaches the Z level ef reflection, IhanC§=(b( the O wave
curve is continuous and straight through the O reflectioa level,
Since Z echoes ¢ome mainly from the directiea @c it 1s spparent that
She comtinuity of the O eurve wp 10 the Z level is mis-leading &t

other angles of incidence.

It is obvious that the analysis breaks down completely in the
vieinity of the ordinary reflection level whsre the medium is not
ever approximately slowly varying and large changes ia refractive
index oceur within very amell frections ef a wave length. For even
4 qualitative theoretieal trestment ef the proecess by which the
0 wave penetrates the O level, it would be nseessary o use an

obligue incidenee couplimg theory. Sinee appropriate solutions
of the oblique incidence wave equations are not yet avaiiablo, any
furtber infomeation about this proeess must be derived from
experimental observations . In section 5 we describs measurements

which provide some information of the penetratien process.
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E, Region Triple Splitting,
In the E region the collision frequency is sufficiently high

(See Figs.?7 and 8) to allow guasi-longitudinal propagation at
vertical incidence at medium magnetic latitudes. There are,

however, certein features which require discussion., It was

noticed by Meek (), Rydbeck (8) and Scott (6) that the rl Z traece

on P'f records shows evidence of group retardation at the frequency
f,E. This effect wes considered by Rydbeck as evidence that E and
lower l‘l Z echoes are produced by coupling in the E region. Suppose
thet between f E and f B, less then critical coupling occurs at the

0 level of reflection in the E region at vertical incidence. Part

of the incident energy will be reflected as an 0 wave and part
transmitted as a Z wave which will have the group retardation of

the 0 wave up to the O level. The Z wave will penetrate the E layer
maximum since the frequency is greater than f K. It will be observed
after reflection &s an ¥, Z echo, Near f E, this echo should show ob-
servable group retardation similar to that of the E layer ordinary
echo on the same frequency. This phenomenon is illustrated by the
P'f record of Fig.,24 which shows in unusual detail the rl Z trace

near fol. It can be seen that near this frequency the Z trace
divides into stronger and weaker components, the fommer showing
evidence of group retardation, while the latter does not, It seems
likely, therefore, that in the £ and lower F, regions.Z echoes are

due both to vertical incidence coupling and to obligue incidence
backscatter. No angle measurements were made on echoes of this

type because they are gesnerally very weak at Hobart.
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5. TH. AVGULAR PO.ER SPLCTRU] OF 4 Gl S.

The distribution of 2 escho povor with angle of axrival will
be determined by the angular ctennation functicn of ths propegation
hole togsther with any seattoring of the waves which moy occur between
the ground and ths lovol of the hole. Should en oblique incldence
coupling thoory become availeble, an exporiacntal detorainction of the
cl;aracteristics of the hole would be of sene intcersest In clhscking the
theory. Howe@r, it would f£irst be noesssary %o Ceronstzals that
lover levol scattering is negligiblo, In tho ease of othor applications
of the propagation hole, to bo discussed lator, w0 ore intorsstoed only
in the angnlar power spectrum of the waves as thwy arcive at tho ground.

There is a dircct way of obtaining informaticn about tho cngular
pover spectrum which is bosed on the unigque property of & echoos Shet
they are returned to the ground in & narrov been. If a rocoiver is
moved in a horizontal dirsction away from tho tramsnittor, then ths
area of tho % reflection level secen by the reesiver uill cecse to
coincide with that illuminated by the transnittor. Lo the distonce
is increased ths Z ocho pover will decrease in a Uey vhick may be
relatoed to tho form and parameters of the cngulay poucr spaetrulle
This property of 2 ééhoes is due to the fact that the dircction of
the propagation hole is always rolative to tho observer.

The paramsters of an assumed power speetrum msy olsc be cbtained
fron & statistical analysis of the random fluctuation inm directidn of

arrival,. This method, which has beon treated by llacDonald (23) and

Bramley (24), affords an independent way of checking measureiients based

on the heam offect of % echoes.

The Theory of the Z Bsonm,

Suppose we have Q reotangular co-ordinate systen on thas ground
centrad on the transmitter amd oricntated with the K@Xl exis clong
the mognetic meridiamn. Let tho co-ordinates of the recsiver be (a,b)
and let D be ths projection of this point in diroction d;]b é north of
the vertical on to a flat iomospheric loyer. Points D end A, the

projection of the origin in the some dircction, represent the centres

of the propagation hole with respect to the recsivor and ths transmittaw,
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We also use two angulsr co-ordinate systcms based on the vertical and

perpendicular planes through OA and BD,

ReCEWVER

FIG. 25.

Co-ordinate 3y stem.

As we shall see, most of the power transmitted from 0 will
pass through the propagation hole within a couple of degrees of 0A.
We may, therefore, write for the angular co-ordinates of D with

respect to OA

@i A~ %C@\Cﬁ}&
T~

Wi~ beye

ond if ’ths angnlar co-ordinates of ar slemont of area dﬁ(@@ﬂ of the

(j;zs)

roflecting layer with respect to 0A are @%} '4/)1;11321 its co-ordinates

with respact to BD will be :

(@t +4-44)

Let the angnlar power spectrum of 4 echoes at the trunsmitting

Pl Y) (27)

the power incident on an element of area of thes reflecting level will

roint be

then be represented by

< [Rg) Apdy (a3

and the power received at point B from this element by

< [Py PO-G4 i) . dgdy Cs)
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Ve then have ths total power received at B

j E) PRI PO - @~y APy (g

L

It is convenicnt to normalize the power received at B so that

S —
o AT TR Y AT e

N

L7

Eé. : j ?P@pq’) F'(? u@g‘&\{—\\/l(“ Aoy
Fa YT @U

‘) T eb.g) dgdy

To progress further it 1s necessary to mcke 4 plausible

gssumption reparding the form of ths power spsctrum. wo will assume
that the spectrum of echoes received at the transaitter is goussian,

that is:

4 7dr S
PO < e ges ot

Thas total power received at B is then

N\ ‘"\ AN g Y
,l &ﬁ} < ﬁ.?,&;%' Y= ‘}
F ool & -0 -0
Vo ot ) j > Ay

For receiving points in the magnetic meridicn of the tramsaitter

7

we have L%g&=€3 , 8nd integrating with raspeci to ‘W!

we have

N .
- = € 4

A goussian power spestrum will thareforo rasult in ¢ guussiun variation
of 4 echo powor with distance from the transmitter wlong the magnetiec

moridian. By measuring the ratio EG and the true height of reflection
Fa

h we cun determine the standard deviation 577 of the ussuned spectrum,
Measuroments at different distances from the traansmitter would be
expacted to provide soms indication of the wvalidity of the ussumed form

of the power spsctrum.
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That is

Jo = 3 ; v ;n V 2 Cf’*; /3@ /
vesheal (2, o ®Rc ¥ (ev e \ /
The actual method of ealcl_xlating the true height from the P'f curve
was that developed by Kelso (85) which ailows for the effect of the
geamagnetic field. ' o

It can be seen from Teble 3 that the true height of reflection
did not vary much throughout the observations and, becsuse of the much
greater variation in the relative Z echo powéra observed, it was
considered that no serious error would be caused by referring all
measuremants to the mesan height of 210 Km, The meen variation of
4 echo power with radial distance from the transmitter is shown in

Fig. 27.

POWER

RELATIVE Z ECHO
o3

° z > < % Km.

N-5 DiSTANCE FROM TRANSMITTER

F1G. 27

Variation of Z Echo Power with Horizontal Distance from
the Transmitter. '

It is clear that Z echoes do return to the ground in & narrow
beam as predicted by the theory. The decrease in power with distance
is epproximately gaussian and is therefore in reasonable agreement
with the assumed gaussian form of the angular powsr spectrum. 4
gaussian curve fitted to the experimentsal points hes e standard deviatior

of 343 Km. which, with the nominal reflection height of 210 Km., gives

Q
us 37 for the N-5 standerd deviation of the angiler power spectrvm .



-Aq uea1d sy seAvk oyy Jo mmxgoeds Jenof I3TWIUl €43

pur UOTANQTIZETD A3¥TTqnqoxd ednexeJITp escyd ouj ueenjeq UOTFsTEd €YY
IwYy penroys ous (yg) LAeTumag £q pejndijseaut uweeq suy woerqoxd sIUY

*goABAN Y3 JO TOATLIB JO UOTJ0OITP oUq HY

prexds 5 203 £37qunn’ €TUT JO WOTIBIIRA THOTI613B36 OUS SUTURXO O3 USTM op

“* - 'fj 87 quU} ‘sTsTIes €Uq Ul peonpoxd soBelToA OUG USSM]Eq

eOuUISJIJIP essud ©ug S} Jepul} uonoe.zip U3 qaTa peazesqo £373usnd eqy,

sfouerhexy orpet oUg WM TA pexsdwod TTsws o7 UOT4GLIsa Jo Aouernbexy

oy3 3943 OST PUs ‘I0yso yowe Jo ATjuspuedepuy pue wopund 38 JA £QABA

quonoduiod ouq Jo sesnyd oUq 3vVUZ PeUWNSSB ©F7 9T °*STeTIor CHRY Gy JOJ
JUSISIITP ©qQ Texeurd up TTIA 6’ seTdur esnyd oyg pus v epnyirdum eqy,

f/w,) & j,(;-ﬁf&;—x %% /= »
v > I3 N .‘
7 \ \

e Ve
S 4 “S@ﬂ‘ﬁa,g él\\?'@ﬁ?) ‘v 3 %

Vi
’

ueq11IA ©q Lum sTolIee oyl Uy peonpord ssFvyToa
eq) ueyy, °JdT CULT 6743 UTBUCD 09 peumsso sy sdnx euq Jo euntd cqj

BRSNS
;I' '-'%«f Louentexz eume oqg Jo sfex seuntd-0d Jo veqsfs o JO eouenyIUT

o3 aéﬁun qxadn P 60UGASTD B puerds g PUB @ sSTTIER OMY IEPISUOY
*37 UIUITA POONTOUT oq pTnoOL
86I9Ue0 BUTILIFBOS JO IAQUNU OT(BIOPIEUOD © JUO¥E U SOIJOWOTTIN TBICAGS
eq TTI# veIr PEJoUTUNTIT ©Uq ©OUTQ °E86X90W POIPUNY Om JNuqn oY
5867 37IDINZ6IIT UOIBSI ¥ I6rOY JO 62T €9nreAw euq 4vul  (92) sdITITUS We
g3812g £q ©9BUITIE0 6UF €SN en JT UOTIudiITeenl JO qunowy UYtyIcod v ey
uotydumscw STUT °*TEAST UCIFOSTIEX 7 €Ug JO voXwv POJUUTUNTIT SU3 UlUIn
0T4 TINTIFOIIT WoIY Futaeqqnos wopurr oTdraTnw £Aq Peerud I8 UOTIDEITP

UJ SUOTIBNAONTY TIOpTRI oug 4vUs eumnsewn 03 AIlssseoen SF 4T 0009 7

JO TeATJdIn JO SUCTLOEITD ©43 JO UOT4NOIILSIP oq Juysiteue WY

“STcATeU~ €80Ud ©°C
*uotgeuTxoaddr 48I1F poc3 u sv popacfea oq Lol
unxyoeds qxa;ssnzz@ 7 *SUOTRONDOP perrtuiep AFrisul 04 JUOSIOTIINS
90U ©7 SUNTIRAISSQO ©43 Jo Locanocw eyg pur squtod Jo Joqunm o9
9849 PEIODICUCD €1 4T ‘suorrouny Jomod JvTndun IOWY0 FUTIECPISUOD

£q psursaqo €q Lom gquicd peaseeqo oY1 03 313 1033640 © YSnousIv

e



C\’;(‘,L;) R S : - Z_ . ¢ e o
. ———— . [A SRR . - 3 oY
—s T T (T arsinReay)
< iT LI N dlz (,i»‘ia . ~y s MR k .
- T s,

uLere Q( = g%.‘ﬁuv 3."6\

R = [P ks e

=
{ Paydy
=4
Q@) < i;[«se d.ﬁefemé 's;aee bruaon
P‘(@c angular gtww% %%’oe&mm

. J 4»—-
S = Se ’”@ara\,hw\ u& a@vm‘§ c«\wQ\lelﬂ\‘ﬂw o
% "nurmal & mean G cfee.@‘ww\,_fé_. N

r - .
R { o 77, €N, (’){| e ho"
CP = and le m@asumd (bnfa ~

intagreticn of osjustion @ &> #ives tihe uiadls rssult
— . ALV
‘&‘ = 2 OJ\ o u(y-) .54

W T
§ vy Aol
-~

wines « will ba very uetrly one wa hive

|~ {21~ ( +
Jonsideriag agein & goussian eapulur posar s uctrun

_A AN , N
< % S 4
\~ P “@/;L/|

P, w/ oL €

it 1s first nscesssry to cbtoin the ejuivuisal tas 3isensisnul
Gistridution by integrating with respsct 4o “’é;’/ iving
| G
/’[ LN - o N
IO > 27
PP < ¢ b

— SN
X2

- R=ec

RV A

ey

« W) S atmsoy

aTr @pg I \F 1

= OrioD Q 39
(39,

35

(3

&
)



An analysis of all D.F, measurenments gave:
Wby - «.{1&\
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The N=O result is in reasonable agreement with that obtuined

from the pover messursients, particularly sine> in the case of angle

obscrvations we are using 8 cucntity ICN , th. cbserved vclue of
which will be inoroscsed by any random DeF. errorc. ihese errors
are discussed in section 7,2, In ths e¢ase of tke power obserwvations
random errors would be averaged out in the final resulte It is
considsred, therefore, that ths result obtoined fron the power
measurezisnts is likely to bs nsarer the correct vulue, However,

the D,F. results do suggest that the spectrum is not greatly
difforent in the =Y and BeW dirsctions. Sumning up, we mey say

thet,with the conditions of frequency laysr height and geomagnetio

field in which these measuremsnts wers conducted, the snguler power’
spsctrum of Z echoes 1s nesarly symetrieal about ths mesn direction
with @ standard deviation of sbout 0.37°. The corresgonding holf
powsr point would lie at 0.&20.

We have ssen that the narrow angular power spacirum of & echoes

msy ba regarded as boing dus to0 a propagation hole fa thes O Lavel of

99,

reflsotion, Using ths results of the powsr and phise msusurscents and

en O refloction helght of 195 Xm., the hole has & guussian section with

8 standard deviatiocn of l.6 i, Jhe totul wiGth of the hole to half

power polnts is then 3,7 im.



6. 5005 APPLICAPIQNS OF THa Z PIOPAG WION EOLu.

8.1 'Bagk Scettering.
In the past studies of the horizontal irromlaritics of the

ionosphore by pulse techniques have been limitod by the wide bam
recolvor acrials used. These have allowed only nesasurononts in
which the averags effect_of all the irrcgularities over a wide
crea could be obsarved. Howsver, the Z propagution hole in
offect provides the receiver with an asrial beaua width of cbout
.848°with which we can exemine ét obligue incidence somo of the
scattering proporties of a small element of the reflecting layer.
It is charactoristic of many P'f records of triple csplitting
that the 4 trace appsars strongest near the 42 oritieal freqguency
(Ses for example Fig, 28), This su@gests that the powar scattered

back from the 4 1level increeses as tha oritical fraguency is
approached.,

This quastion was investigated by recording 4 echo caplitudes on
a fixsd froquency in the way described ia Secticn 7.5, &t times when
the F region critical freoyuency was decrsasing rapidly. <The ratio
of the oparating frequency to szz wes obtained froa I'f records
made evory two minutes., Although it is possible to study the change
in 4 echo amplitude with frequency by svesep frcguency techniques, it

was ccnsidered that to reduce possible errors due t¢ chungss in

transmitter efficiency and in ionosphoric absvrpticn with freyuency,

it would bo vetter to obsexrwve tho umplitude on v fized froquency.
Satisfactory observations were obtuined on four occasicns. These all
showed an increase, in the echo amplitude near the criticcl freguenoy.
The results are surmarised in Fig.29.
Ths reason for this effect is not obvious,cdthouhh one uay suppose
that at oblique incidence, whon the critieal frequsncy is approached,
the wave group will travel a groator distance horizontolly, cncountering
more irregulerities than .hon the froiucency retvio ?é; is much lower.
The inerocscd back scattering would normaelly cffect measureuonts
using the ordinary or exitraordinary waves at frsquoncies above their

rispective vertical incidonee ciktiesl frocucneies, for exumple, in

investigations of spread F echoes. At thsse froiuancidés all echoes



may be due to obligue back scatter and the enhancement of the echo

power would modify their angular power spectrum.
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6.2

- Nietoa (Hew Tt K

4 Critical Frequeney.

An interesting property of the 4 trace on P'f records is that
it formms an easily measured freguency reference from which the
vertical incidence ordinary wave critical frequency can be calculated
when its value is doubtful bscause of severe critical frequency

spreading. Using Bquation3/ we have for the vertical incidence

O-wave critical frequency

)&U“‘\": j i'//lzuaf CVD\('PL r '5/2”-1—. Jo &= Lt) ¢ Kqﬂ)

Figs., 31, 32 and 33 show some examples of P'f records of spread

F ionospheric echoes. It can be seen that the calculated value of
forz falls either near the inside edge of the 0 trace or at a some-
what higher frequency. These two situations are typical at Hobart,
the former being most frequently observed. In this case it appears
that the spreading is entirely due to oblique backscatter.

In the second situation it appears from P'f records taken at
Hobart every ten minutes that the spreading below the calculated
value of fora is recorded as an additional traes which graduslly
spreads towards the O trace., It is possible, therefore, that it
is caused by oblique backscatter from a region of less maximum

electron density tham occurs at vertical incidence.
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P'f Record Showing Spread F Echoes.
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6.3 Rudio Astronomye.

An intoresting possibility of using ths 4 prosagation hole
lies in ths ficld of radio astroaoamy. By cluousing the onorating
froquency cbove the 4 critiesl fregueney, waves which Luve ponetrated
the 4 hole in the O level will not bo reflected st the 4 level, but
will ponetrate the electron maximum of thae layer. uUetwsen the 4 and
U eriticul frecuczncies neither the X or O waves will psss through the
layer which will formm & reflacting scrsen, except in tho direction
of the hole. For camplete‘penetration of the layer the up-going or
down~-coning O wave would have to penetrate & second 4 hole at the
ordinary lovel of reflection above the electron meximum. The
approximate ray paths are shown in Fig.34. Wve, therofors, have the
possibility of examining extra~terrestrial radio sources at
fraquencies of a few magacycles with un effsctive raceivar beam
width of about.84? .

It is nocessary first to consider whetk:r the 4ifferences in
geonagnotic field strength and magnetic dip between the upper and
lower O 1levels is sufficient to cause misalignuent of the two
holes. Fortunately, this does not occur for typical F region electron
distributions. The case considered in Figs. %5 und 36 gives & maximmm

difference in direction for tha two holes of ()- (6°

We will illustrate the procedure of using the »ropugution hole
by considering the cuse of observations from vnoints nesr the Greenwich
weridian of the radic sources in Cygnus (R.i. 19 hr. 58 min, Dec. 40%9).
From the curve of the variation of the zenith ungle of Cygnus with
goographic latitude cs it crosses the magnetic .ieridica we £ind the
necessary dircction of tho propuigution hole at such Llatitude. Using
the Gppropriate vcluos of F rogion magnotic dip und field strength,
we then obtain the vuriation of operuting frsjuoncy with goographiec

latitude from Lquaticn 29

e
e

sin e | ‘--:;:l&1 Sin € (2s)

For example, at latitude 51.5° Ne. and with cn ojorating frequency

of 3,25 ule/s the dirvction of the propagation hole will coincide with

the direction of Cyguus when 1t crusses the augnotie weridian,
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vBecauee the propagation hole has an angular width of-84the
"operating frequenoy oan lle between 3.2 and 3.3 Mc/s without
Jl;“seriously affecting thie reeult. _ | _ o

In Southern Englandappropriate oritical frequencies will‘ }-t
.ocour only during the night. Thls limits the months of observation
'to those when Cygnne orossee the magnetlo meridian during the early
hours of the norning, that 1s, durlng June and Juiy, However, by.
-, verying the latitude of the place of observation the operating
;:”frequenoymay be chosen to 110 near the probable F region critical
".frequency at any time of the day . '

-'l _ Cygnue hae been chosen as an example beceuee it is a etrong

- g*eource in the preeenoe of e relatively weak background and would

: ' seem’ to afford the beet hOpU of teeting the teohnique.
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Fig. 36.

Difference in mean direction of upper and lower holea.

Same limitations to the technique may be sumnarised as

follows: -~

(a) It is not known to what extent the incoming wave would be
attenugted by operating so close to ths critical frequencx.
lleasurements by Shain & Higgins (27) on 9.15 ic/s. and
18.3 Mc/s have sugrested that the increase in attenuation as
ths critical freguency is approached, is greater than would be
expacted from simple magneto-ionic theory.

(b) Although the propagation hole provides the receiver with
comparatlvély high angular resolution, thers is no increase
in ths signal to moiss ratio such as would be obtainod with
& narrow beam asrial. For night measursmsnts in the summer
the effect of atmospherics would probably be the limiting
factor unless a reasonably directive asriasl wore used.

(e) Aﬁ any given latitude a strip of the sky only a few degrees
wide can be scanned by the hole.

Although no strong sources have besn found at & suitable declination

for observation from Hobart, the galactic centre passes near the propagation
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hole in the early hours of the morning during months of ilay, June
and July. .\t these times measurements made during 1954 at Hobart
have shown that interforeoncs from atmospherics is often very small,
and it is possible that there may be sufficient rcdietion from the
, there are
galaxy for successful observations., It is also possible that/strong
sources near the galactic centre which would not hove been discoversd
by interferomester tcchniques because of ths strong bockground radiation.
Thepe ideas will be tested by observations to be made at Hobart

during the coming wintcr.

ionosphoric llcughnsss.

Since ¥ yoglon Z ccheos wre eatiiely due to backseattoring, it is
obvious that thay provido evidencs or irmt;ularities in tlo roflecting
leyor, ilso, since thoy aralaua to boekscatieriug from ¢ cnull element
of tho luyeowr, their zmplitude 1s e direct indicction of the degres of
roughncss of the layer. It 1s interosting, thorefors, to oxzmine
hou the occurrence of Z cchozs is rela%ed to estizates of the ionosphsrio
rouglkness obtainod in other weys.

4 nebbod of estimating roughness, using pules technicuesc, has been
developed by Briges and Phillips (26) vho scheved $hct the angular spread
of dowacoming waves may bo rolated to tho differonée corrclation
coefficient batween the cmplitude fading patierrs at two pointslon the
ground., Thoy etssumed that the angulor pover cpectrum of e¢choes rveceived
at the trononittor {rom & rough ioncsphoric layor is approximately gaussiun,

that is:

P&)= =™ (+)

In this cess the parcmetsr m of the power spsotrum msy bs raslated to the

: A
~average corrolation botween values of the echo amplitué§;p§ésured at two

poinis on tho ground ¢ wave lengxhs.apart, by ths expression
N } AR
- ra . 2 ‘
@A@)o{ ﬂ_f@—%‘}ai%k%mgﬁdﬁj (44)

gggveﬂf’ . —
(QA@ = AtAs -~ (’L\J
O M O (4)




In prectice, instsad of (DA(Q) it is more convenieat to measure the

difference corrslation Aé’) where Aé) is given by

Aé’)a 1A, - As\ | (4—C)

and A om (-G &1
A (_See Mc NeoL (32))

Also, instesd of using parameter m we may define a parameter Cto ,

the gaartsr power =ngle in the received speetrum, that is

4= (+

Briggs and Phillivns showsd from Equations 44, 47 and 48 that él})
is approximataly proportional to q;o providing ($° is less than

about 10° and ? is 1ess than ons wavelength. In the case of g:g._)_\
3
for exunple, where (_‘) is mevsured in degrees, we have

&b, = 4QA@:) (a9)

Measurements of Aé) were made at Hobart during July and August,
1953, using the twin chennel amplitude rscordsr attached to the direction

rinder (See Section 7.2.3). The amplitudes recorded were of ordinary
schoes received in the North and South loops respestively. The wave
frequency was 5.8 Me/s and the speeing $ between the loops was -g-
wave lengths. All measurements were made between 1300 and 1800 hours,

The results are summarised in Table 4, Oeceasions whem triple asplitting

was recorded by the P'f recorder are also shown,

TrBLE 4.

Lt)o Degress

0«1 1 -2 2«83 3«4 4-5 5-6 6~7 7-88=29

Number of

Observations 5 ° 13 11 11 5 3 4 1

Number of )
Times Triple 0 0 0 o ) 4 1l 3 1l

Splitting
Recorded
Simbtaneously
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It can be scen that there is a good gualitative agrasmont between
the occurrence of triple splitting and increased ionospheric roughness
as indicated by observations of (¢% , particularly since the technique
of msasuring roughness is very approximate. The assumed form of the
power spectrum dces not take account of the axisl asymmetry about the
vertical or’oblique reflection, which is due to the presence of the
gecnagnetic fisld. 4lso, the enhancement of Z echoes near the critical
frequency, reported in Jeetion 6.1, would produce obsarveble triple
splitting at smaller values of Cbo then otherwise would bo expected.
Because of these factors 1t was not considered useful to attempt & more

deteailed correlation betwesn the occurrence of 4 echoes and ionospherie

roughness,
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7o TFRSHIT NPAL TRCHNICULS.

7.1 Peolcpisction sgourerients.

In tho investigodtion of the polarisetica ¢f 4 cebces 1% was
neeassary only to determine the semse of polcricotion. ULotailed
lmovledr> of ths oRMipticul polavisaticn of $ke eehsass woo not of
groot intsrost. AL00, bacauss of tho cizeunstoness of tho tima,
i1t was desirobleo B0 use o systen of measurcrent Ukhich could bs
nedo autematie, ihssa conditions were mab by using o zircular
polerisation roeeiver of o typo duc to Pulley(28).

74102, Principle of measurament.,

Pullsy's oysten eoscntioclly 1o cquivaient €0 oleetrically
rotating O loop aorial about a vertioccd oxis ot & high cudie
fraqueneys. 4 circulcrly polarised doun-eoming vave will then
producs in ths corical a curront of frocuvoney less than or greater
thon that of the wvave fraguoncy, depending on whothar $ho rotcotion
of Tt wave £icld voetor is in the sams or in opnesity sconse toO

tho rxototion of tho loop. By comaceting tho torial $o a wreceiver
tuned eithor above oOF bolow tk3 wavo froguoncy,cieolo éue to waves
of oppositc polarisotions ean B soporabods
¥ho actual methsl of offoetively rotating tho coriol is to use
tue loops nounted vorticolly ab 2ifht caglos o cueh othar. Loy
arc eonnoetod $0 $ho grids of feur volvwos which oxo medulnbted in
phase qucardﬁuro at about 30 Ke/s. Tho ocubputo of tho four valves
arc eoanaeted in parallel $o o pulse raccivor. Why mothod of
eodulation eousos eceh of tho masduloting volves o coniued
gacecessively in ¢ eyelie nonner., The effeet io egaivalent o
sotating @ single loop asrial at ths modulaticn 2royuoncy.
7.1.9. fheory of Oporation,.
Vith e pair of typiesl shearp cut-off wolves,such as the 6547,
gonneeted with the grids in push-pull and $he plates in porallel,
the resultant mntucl coaductanes will boe limecr providing $hot the
stoady bias is suitably chosem. Uith 0 snoll volue of lcud impsdence

cempared with ths valve impedencs, the rutucdl conduebtance is
A FACADYIIR <w%ﬂ§
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amplification faoctor of the stags, that is, ve can write

L r 1
AA= @;@,mwg(,{;—t@%&!@a we ey

\

. /\yk N %g? / E"’& = V@“’%Q o~ 65775(/1

) Kg c{;@”f\\%l}’@%@&b
4 small voltage E; in addition'to the steady bics end a '

medulating bias Bg will produée Elkﬂg across the enods circuit.

I1f E8 is of the form\/(_@@@s(" then ths resultunt voltegs across the
enode circuit will be%.\f@@u%for one pair of vilves and E&\/@@awﬁ?
for the other peir, since the modulating voltags is 90° out of
phase in this case'.

Suppose that 2 circularly polarised wave is incident on ths

loops in a vertical diresction, so that

EczepE | En=Asi~pt
The resultant voltage in ths anods cireuit will ba

’ R
KVA(@’) gbé Cool ~+ Sin [bé“ﬁlmw&)

= KA C%(pij@ /%‘@

We see that the frequency of ths signel has been reduced by an
emount equal to the modulating frequency. If the incident wave

had been circularly polarised in the opposite direction then

and the output becomas

. A\
K,\/A@W ﬁ)(ﬁ Q%&)(f - (510% U@t > Dm«\xﬁc//

= KA e (59
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In gancral, vhotsvor tio stote of polarisation of the wave or its ungle
of incidence, tie prcjection of the iaugnetic vsetor on ths horizoatol
plcne will be the only componoent which will affect i3 loops, und this
projected vector esn in turn bs resolvad into two rotating vectois with
onposite senses of rotation. Ons of thess vectors will produce cuirents
in the cnode circuit syual to the difference and vhe otizr e ucl to the
sum of the signal and nodulation frequencies. Ko currsnt of the originel

signal frequency tppears in the enfods cireuit end, since ths recaiver

is tuned to the heterodyns freguency, no arror %ill be caussd by signul

freguoncy vick-up in the leads or recsiver.

Dstails of ‘pparatus.

Piga., 37 to 41 sbow ths block diagraus cmd circuits of the wurious
plecss of ecuipment., 1o avoid retuning tha raceiver to the upper &nd
lowar haterodyns frequencies the ssnse of modnlution wus ravorsed by
means of a switch. & synchronously operated switch in the ocutput of
the raceiver cllowed echoss of opposite polarisution to be displuyed on
the two bsuwius of & double beam oscilloscops. “he receiver wss a
communications recsivor with its band width increused to 26xe/s with
resistors across the if circuit., The receiver veriils wsre csinglo tuin
shielded loops 2'6" in dismster with a tuning range of Z.2 to 4 Le/s.
ibe pulse transaitter wus of conventional typs Wwith « peuk power of 4 Kw.,
a pulse length of lo%.aoc ard & pulse ropetition frocusncy of 50 per
second, A

The displuy oscilloscope was photographed with «<n intoraittently
opsrated camera, ucing 35 mm. filn.

Observations wers m2de automustically oncs hourly on s frojyuency
Of Je3 Jiefs. The nommal ss usuce of opsrubions wus os follous:

1. Fulse transaitter on.

Z. Cathods ray 03ci1illosSCOPS ON.
ve P'f xocoxdor on.

&o Gaﬁum slnttor oscned for ;- sscond.
e Folurisation switeb raversed.

6. Camera smttcr opened for - sacoud.
7o solurisation switeh to noranl.

8. ¥'f picoxdar cff.

J« Pilm soapd on.
20, R0, -and -transmitter off.
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FiG. 41, Circuit of

Transmitter Power

Osecillator

F1G. 42. Typic&l

Polarisation Records.

Left Handed Polarisation Right Handed Polarisation.
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7.2 Do F. easurements,

To measure completely ths direction of arrivui of radio waves
raflected in the ionosphere it is mcessary to (eagsure at iscst G0
indepondent parcazters from which the direction in spues iy Yo dsrived.
Ons of the most accurave msthads availedle is Lo ietsure ™3 nhose
diffoxonces betusen vhe signuls iuduesd by tus dovu-coning woves in b
leust threc spaced t2ricls., In practice it is =wst eonvoricnt to use
four serisls arrangsd at the corrers of ¢ squaxw ¢s in Fiz.45. Tho phesoe
difforences botiesn diagonally opposed pairs of caricle ors uscsurad.

This method has been used in the past by uckersley (2_9) cad ioss et al (19).

IncornG
Ray Mazrene NOKTH

f

AERALC

AtRAL D

Aeciar B

- F1G. 43.

Co-ordinate Systen for D.F. [ieasurements,

7.2.,1 Poineiples of ilessuremsnt,

Considor four aerials A.B.C.D. Ve choose an unglur co-ordincte
system bascd on the vertiesl plunss through weile vnld Cele 18t \94

be the projected verticul ungle of urrivel on plins o.0. And Q%J .

the corrvsponuing cuuntity on C.De uwhen if ~{ ¢ is the phuse difference
vetuoen uny chosen caiponent of the field of & pline wave ot veriuls 4 and

B and o4, ie the phase Gifference batuesn U end b, us lnve

i o ==, - i t ‘:; PRIPEN LN ‘;.VJQQW
’)(.138 2 ”(9 %EU\\(“‘. zgf:; Aestaned , wed )
A ':,j»@uw A st A
.
N o
f‘ PR < I &=, agee K
('Z/L/Lg’ 5{,"5- PR A 2\
‘ A
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If the &srials have no mutual reuctions on each other tnen the phase
differences bstween the sigonals in Sorivls A and B and in C and D will
elso be ol, v &2 o c_h,q. t_‘),é may then be deduced from the measured
values of o/ & ol

It may bs noted that the resolving power of the aserials defined
as the rate of chinges of phuse difference with respoet to dirsction

of arrival will be a maximum at vertieal incideanes, that is
Aol ;
= 2TY dda | . =

It will be zero for each pair when the waves arrive in the direction
of thes line joining the pair.

7+2.2. Phase Messurements,

The phuse measuring egquipment is required to indicete in a manner
suitable for recording \the phase difference between XF signals of
nearly squel amplitude, Although.msthods (see for example (19) ) have
been developed for displaying the phase difference directly on a CR tube,
it was decided in the interests of simplicity to use the well known
technique of applying the amplifisd signals direstly to opposite pairs
orf plates of the tube.

Suppess that two sine wave voltages \/=A m&ﬁ?ﬂ-) y Ya= Az,(n(kﬁﬂg
proportional to the incoming wave slectric wveetor amplitudes are

applied to the verticel and horizontal deflection plutss respectively.

The deflection of the spot will be given by

Yy = KV, 9= vy Kl KN conshanty

If the phase differsnce between Vl and V, is oL én ollipso will be

produced whieh is bounded by & rectangle with sides
X 17K A, \/2’2‘(1"\7-

Sinee the ellipse cuts the horizontal axis at distanceX.Sind from the
=

origin ws have

. tescepf
- QK= X A P
Sind =2 4
K Ay U&' -Qlll')SC
(s4)
In practice it is more convenient to measurs 22 since this does not

X,
involve finding the centre of the ellipse. 4n alternative method is
8Xpressed by o e j_ wL.efe {;,5, areé lt- "\“)‘7' ¥
Sinol<s  C- .
< 7,1 Minor ages «f tc ethpse



7.2.3.

ellipses of ¢ cm. major exis or less.

However, it has besn shown (Benson and Carter {30y ) that for a givem
size spot and ellipse the maximum errors of the sscond msthod will be
nearly twiese those of the first.

Details of ipparatus.

(1) Aericl System.

The agrials used were singls turn screened locps four feet square.

They were mounted on # concrete foundations with their lower limbs about
three fest above ths ground. They were connected via cathode followers
and twin shielded cable to the receiving hut. Balaneed tuning condensers
across the loops gave a tuning rangs of 3.5 to 7.5 sc/s., Lhe fesder
cables were buried one foot in tha ground and the cathode followsrs were
fed with power by buried wires alongside the KF cables. A coupling umit
between the fesders and the reeeiver allowed any two loops to be connected
to ths receiver at one tims, The mains cable was fed to the recsiving
hut in & trench 1'6" deep running along the line of ome aerial peir,

The whole system was situated approximately 1,000' frem the pulse transmitter
which has already been described in Ssction X.l.4.

(11) Receiver.

A modified Admiralty type FHB twin ehannel cathode ray DF receiver
wags used. This receiver wts capable of independently amplifying and
converting to IF frequency, two KF signuls without appreciubly altering
their relative amplitudes and their phsse differsnes., Two similar
superheterodyne amplifiers were used with a common freguency chsonging
oscillator. The IF ocutputs were eomnscted to the CR tube plates, The
recciver included a test oscillator for lining up all stages. The
ganeral functional lay-out of the instellation is shown in Fig.44 and
the basie eircuits in Figs. 45, 46 und 47, 'lhe 1F bund width was
increased to 20 Ke/s with damping resistors.

(111) Cathods Ray Tube,

The eathode ray tube was a 7" dismeter electrostatic tube with
green flourescent screen of medium psrsistence. The geometriesl accuraecy
of the tube was suc¢h that the angulur error of position of the aspot did

.0

not exoeed I, The diameter of the spot did mot exeesd 1 mm, with

moderate brilliance., Distortion of tha sllipse dus to inaccuretely

aligned electrodes was therefore less than one guarter line width for

4 Cossor 9seillograph ecemera,
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using 85 mm. £ilm, was used to photogragh the sercen.

Sines 100 uocec. pulss tromsmiccsicns wore used it voe necessary
to elinincte wll echoses excopt the wanted ones from ths Cil tube,
This vas done by goting the tube with pulges of cdjustuuvio widsth
wnd delay from & palcoe gonorstor trigmered Dy tiD gsound wuve of
the trcnsmitior.

also, it vts nocossary to kaou the scanse it whieh tio ollipse
was tracad on the sersen to determine tha ocign of tho wphoge differcnces,.
Yo resolvo this ambiguity port of the IF siganl vos fod into a ssparatg
1F amplifior and then opplied to the G zrid., DBy tuning the
oxsernal IF amplificr te produece a 450 phase chance in this signol

o dark spot could bo produced on one side or othsr of the llipss,
dopending on the senss of rotation

(iv) Gating Pulse Generator.

Zhe pulse genorator was of conventicnnl type, uslng
rmoncatable mlti-vibrators to produces both the tiae delly ané the
varicbls width of tho goting pulse. Whe doluy $iuc, ulftor trigesring
by ths tranonittor grourd wove, could bs voried f§bn ono nilliseecond
to five millisceonds. This rungs coversd all I’ raglicn echoss. The
zating pulse could beo varied in width from &0 to 200 nicrossaeonds.
Generally, @ hundred nicresccond palse wos uccd, who cudio output
of the roeeiver vas fad to @ geparate 010 to give ¢ typo . disploy
which choved tho positiorn im timo of wll echoes, togsthor uith the
pocition of tha gating pulss,

(v) Lmplitude liscordor.

Port of the signsl in ocaech I¥ chumnsl of tho reeuiver was
omplified extornclly, Qetooted cnd fed irke u ueubie beun ukde. <he
cuthods ray tubs of this oscillogreph voo vlae gotzed o Gioplay on
the screen the golectsd eeko omplitude in oceh chunmel. whe scresn
ues photogeephed, using continuocusly moving 35 sule £ila.

Ve2e4. Uporation of the Heesiver.

‘the cecuracy of the phoge differsnes :usasursuants with o recdiver
of this type is limited by the cecuracy with which (i guinm und phase
shift of the two chumnols con bz estoblished £n2 muintcireds There

Gore incorporatecd in the reeeiver o gysten of suiteles apd voriehle
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error could also be caused by slope of tho site which in this case
was 0° B-i and 13° from South to North downwards.

The total site and lining-up errors for the actuslocsition of the
test oscillator weres estimated by maoking & series of ot;samtions of
the direction of arrival of F region oriinary echoss, <Ths rosults

obtained wore

f\\o' UJ' Oﬁﬁerv«,hans Mecon dw’(&@_(nfww
12 o 45° N,
65 G-e2’ &,

It was assumed that the mean direstion of arrival of these echoes
was vartieal,

(11) Random Errors,

'(a) Phase Lieasuremsnts.
The accuracy of measuring phase difforsnce by the ellipse
rethod assuming pure sine waves is limited by the finite width of

the ellipse line, In the present cese the ellipse wus photographed

and the film projected in a £ilm reader. 7Ths thickness of the line

was generally &bout %5 of the mujor axis of the ellipse, The

dimensions were measured to the centre of the line, The errors involved
in measuring the ellipse viere estimated by projoocting it and marking
the uppropriate dimensions on blank paper, These were measured with
dividers and rules On a typical ellipse the RS error over forty such
msasursments corresponded to 0.14° in direction, Another determinution
on a largsr ellipse gave 0.125°, The corresponding phuse difference
errors were 0.51° and 0.45° respectively.

(b) 8ite Errors.

At oblique incidence a major contribution to random phuse errors
is caswsed by reo-radiation from & large number of obstucles scuttersd over
an area within several kilomstres of tha receiver. Lowaver, with ungles
of arrival near vertical incidence, such errors will be vory small and
negligible in compurison with errors in phase measurensnt.

(e) Asrial Coupling Errors.

It is only when the aerisls have no mutusl impedengs that the

phase difference between the currents in opposite ussrials is eyusal to

that between the wave field ot tha  ‘fme neipe- Tn nrastiea acunline
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between the aerials may be roduced to a negligible amount by using
screened loop asrials placed broadside on und ssparated by at least
half a wave length. This was done in the installation described hers
by establishing the buss line and the dirsction of one loop with a
thesodolite and then orientating the sscond loop parsllel to the first
by sighting on dist ant objects,

Method of Observation.

“hen measuring the complete direction of arrival it was necessary
tc observe directions in the N~ vertical plane sand in the E-W plane
successivaly’by switching the loops. 4s a result & complete observation
took abou¥ 25 seadonds. The camera was oparated manually. ‘hen
measurenents of only the N-S or the i<W componsnt of direotion were made
one photograph was teken everylS seconds. Figs. 48 and 49 show typieal
examples of Z echo sllipses.

Observations were mude mvinually and, since it wus necessary to
isolate the Z eobo from the 0 and X echoes, only & short time was
available for observations on each occasion. &t Hobart,F region <&
echoss can nomally bes resolved ovor & frequency ranges of only a few
hundred kilooycles below the Z critical frequency and, &s & result, the
megsurement time was limited to that taken by the F region critical
frequency to change through this range. D.F. measurements were generally
possible only for about ten ﬁinutes, ulthough on & few occusions the 2

echo could bs followsd for about half an hour. The ususl msthod of

observation was to have ths direction finder ready to operats during
each afternoon on a freguency below the average muximum day time critiocal
frequency. The slow deersase in critical frequenoy during the afternoon

would then dring any resolvable Z echoes into ths dirsction finder

opsrating freyuency.
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E-W. E]l&»(

K

MN.-S. Ellipse
FIG. 48,

4 BEoho N.S, and E.W, Ellipses.

4«5 Mdfs
FIG. 49.
Series of Z Echo N.3., Ellipses.
4'0‘”"-/5

Soutt Locp

FIG. 49 &sa.

Twin Channel Amplitude Fading
Pattern of Ordinary Echoes.

(Time marks 10 seconds apart).
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7.3 .mpiitade Lizasuro.znise

In meosuring tho cowlitude of ochoces sirmlvanscuosly ot foar
phoces ths wonual syoben of eonbicncicly wcocording the amp)litude of
a solected ocho is not ouitoble. Inotead, it is necossary to use an
autoaatie mathod, dhe simplest being thit of reeo.ling the cmplitudes of
o1l ockbees abt rogrloer intorvals. ALAlthoush this nethod is not a
pructitable orne for obtainiag tho coaplets foding curve of a given ccho,
it io cuitaoble for obtaining information ebout the avervge amplituds
én@ DOUCT,

7.3.1. Detolls of Anparatus,

‘Ths four roesivers usad were of modified Loren tyse A/API4 with
a band -uidth of 30 Jo/s and a tuning rangs froa 1.5 to 11.5 iie/s. They
wore comnoceted to adniralty typs 96 indicotor urnits, ths CR scrooms of
which vsre photographed with 35 rm. camsras using continmaously noving
£ilm. The echoes wers displayed on a normal tyge .. tiue bass. Iine
timas per mimwte the brillicncs of the ti2> base woes incroosed sufficient-
-1y for ;: second o producs & record on the film. The cudio and I.F.
ceins of tho roceivers vere udjusted so that the signal cmelitudes
displayed on ths §2 tubes were 5” vhon overiecding of ths l.F. charnnels
oceurrcd, Undor thase conditions the response curves of the roeaivors
wero limear up to 2/8 of the indicated overload points. Fige 50 shows the

measured responss curves. The transmitter, emitting 100 microsccond

pulses at ths rate of 50 per second was the same ons which has praviocusly
cen deseribed in section 7.l.4e AlL the tramsaitving and rocording
eguipnent was normally switched on for two hours daily by tims switches.

7e3e2. GCalibration of the Nsccivers-

Since the topomraphical featuras of tha available roceiving sites
varied gmootly, it vas considerced that measursmsnt of the cbsolute valus
of the scho amnlitude was impracticable. Pho overall rains of the
edivers were therofors measured by recoxding the amplituds of vxdinory
echass with reduesd transmitter povere. Sines the amplitude of ordinary

echoss vas usually batwesn £ifty end ons hundred times that of 4 echoss,
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too aaplitudes of both typss :ould not bz rocorded ot tho vums tiae.
It wos assuaad thot $he aversgs pouse? levol or omidincyy eeloas s
the same ab (11 stobions, the avorpoeys & eeuo posar thoa being

aclaeulatzd as £0iloass

Z&Lﬂ) f@gw@,d aF A _ (Kv‘w}i&é)‘l. (/“\mﬂ@@ @)2 )
Z ek s HD Ap Y g A Y

Amgpz-a QMHQH(A@ m{ = edkoe

AM?@O = am?@ﬂ‘oﬂ'ﬂd@ a{{. O@Uk@%

7eSee 2 Yachnicue.

ior o givon stetistiesl distgibution of echo tamplitutas we gy
ralcte the avarage wvalue to ths avorage obtuined by sompyling the
£oding curve ol given intorvils. Lowewo.s, for 4 echoes the lencth
of tho rogords available Lo 00T Ylen sufficlent to datoriins thsir
statisticul distribution. This 1s bseuuse tho ochoss show ths
charastaristic slow foding, usudlly chout two pescks pse winuto, waich
would bo expoected from thaip aurrov cugular pPower o©pPscliui.
superliupossd on this is ¢ slow chuuge in overtgs lovel, usuully
5ith O period of Dotusen fivs und Lifleen miuudss, which any be due
to chrmges in the scattering churacteristics of this refleeting liyer.
J4g.51 shows o typileal continuous gacord of o echo (mplitude obtoined
with the cumplitude rocorder sttuchad ¢o the J.r. e uiptient.

»0 ovold tikdng oy wusuipbions regirding the stutivbiedl
distribution ¢ & echo wiplitudes tho errors fnvolved in scipling
| the cnplitudes ot different »tes wore estinvtad, usiuy o typical
continuous (aplituds record . Yhe raculds urs sumicrised in wable §,
It con bo ssen that at the chosen rots of nijne swidles sar ninute
the errors in finding tho averagss 4id not exceed 7.izfor ¢ rscord

longth of L£ivo ninutes.

TeBet,. - Lidasumaudnts,
whe cmplitudo rocords ware rncsured by enlurging then in o fila

rocder, Whe crrors vhich cccurrsd during this process ucre estiinted

Q

by projecting o typieal echo photogroph on to ploin poper. Jh8 Pem.s,
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FIG. 52.
Typical Intermittent Amplitude Record,
showing 4 Echo,
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FIGe 53¢

Record Showing Incrsase in 4 Echo Amplitude near

the Critieal Frequency.
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FIG. 54.

Continuous records of Z2 echo amplitudes obtained, using the twin
channel amplitude recorder attached to the D.F. Equipment.
Records on each strip refer to the amplitudes at the North and
South loops respectively (120" apart) The time marks are
10 seconds apart.

This record shows the typical slow fading of 4 Echoes,
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Ioasurcnents of ¢ho polorisationm and tic anfle of arpiwal of
4 echoes havs bosz made at Ucbart. Yhese led $o vhes is bolievad
to bo $ho corzoot oxplamctticn of I raglen $=inic oonlisting &n
niddic latitudoo, ntmoly, that tho Z echo rosults foam $ho boecke
secttoring fron tho Z reflostior levol, of orlinniy wavos uhich
hevo worotratc? thz ordinory levsl of roflcotion &% o coxdain
orisieal amslo of incidonee { Tllis (&1) ).

7% folloved fzam tho mechonism of occuzronce of & echoco that
thoy chould pocsocss ths uwnlque proverdy of Zotumning %c tLo grownd
in 0 narrow beoa, Who cxistence sud soms of the characteristies
of this 2 beam vere demonstrated by measurenents of tho arplitude of
4 echoes in tho vieinity of the tromsnitter., %Those mecsureionts

led to ths conecept of a propagaticn hole in tho ionosphors, come

applications of vhich vore discussed.

L0070 TEDE TS

This work wos ecrricd cut at the University of Toszania aud at
the Llcunt liolscon Ioncsphoric Station of the Commoncsalih Cbservoetory.
The construction of tha D.¥. oquipmsnt wes cided by o groat to ths
Unlversity by the Radlo Rssearch Donrd of the Ce8ei. 0. During
the period of tho invectigotion the authbor vos euploysd Ly the
Ionospherie Prodicticn Sorvieo of the Somucauoolih Ubsorvatorye

“he preblen of Tindivg oo explensticn o? triple splitting wes
suggested by re Co Jowstecd to when tho cuthor 45 iadcovted for many
holpful discucsione, ir, C. Goldstone assisted in building and

opardting the cipliitude egaipmont.



1.
26
e
4e
Se
Se
7e
8,
Oe

10.

1z,

13.

14,

20,

22
200

24

26,

27,

DOKIOLEY, To Lo
TOSHNIAL, G M.
HARANG , L.
ESE, Te He
SUAPUT, S. L.
SCORY, TeCull.
HECHTRAD, Ce.
RYDBECK, 0. Do H.
UYDBUCK, O. T. H.
BRL:“TR, H.
UTSTFOLD, K. C.
DAVIDS, H.
C_TSOH, Ke Ce
TAYLOR, Mary
WCCIELEY, Te L.
DIMINGLR, e
BOGARTE, Jo B,
LANDIARK, B
ROSS, W.,
and ASHIALL, Ge Lo
BOOKUR, e G
POEVARLAII, He
[I0LLER, He Ga
UAGDONALD, Do Ko Co

BRLILEY, 3. .

¥ELS0, Je Ve
BHIGGS, B, I,

and PAILLIPD, G. J.
SHAIN, Ca e

and HIGGINS, C. 4
PULLEY, O.
BCKLRSLEY, Te Lo

and FAR.KR, Fe Te

URAIEY, B. ife

1048
1950
1949
1949
1949
1953
1851
1934
1950
1949
1951

1952
1851

1938
1949
1863
1949

1951
1854

1950

1964

1935

1945

7C.

Proe. roy. Soc. 8141, p.710

Nature 135, p.471

Terr, iiog. &tmos. zlecte, 41, p.l60
Kature 101, p.597

Proc. Inst, Radio ing., 36, p.450
J. Geophys. Res., 55, p.65

ijature 161, p.312

Je 4pple. Physe 21, p.1205

irans. Chalmers Inst. Jech, :10.34
Phiilips Res. Hep. il0s4 , pp.l and 189
Aus, Je Sci. D[es. 4.2, p.1l68

Je Gaophys. Hes. 58, p.3ll
iep. Prog. Phys. 1&, peS516
Proc. Phys. Soc. 486, p.408
Proc. Physe. Joc., 63, pedo-
Laturwiss 36, p.56

Nature 167, p.94d

J. Ltmosph, Terr. Phys. 2, p.254

g8 (Part 111)
P« 294

Proe, Inst. slee, wugrs.

Pail. Jraons. iloye Soc. 4237, p.éll
«eits. fur Lngew. Phys. 1, p.517
Private Gommunication fro. W, Dicmingar
Proce Gaubs Phile S00e 40, ped6s

98 (Part 111)
P.18

r’rooe Inst. lleces Lngra.

Jo Atmosph. Worr. Fhys. 5, p.ll

Proc. Phys. Yoc. 83 (Part 11), p«907

Aust. J. PhySO 7, p.150

Proce Phys. Soce 47, p.1098

Proc. koye. Soc. 4l84, p.196



0.

3l.

326

DUNSON, Fo A
and CART R, 8e Co
KILIS, Ge Re

Meil{COL, Re W, E,

73.

1950 Electronic Enge. 22, p.238

1953 J. Atmosphe Terre Phys. 3, D263

1949  Proc. Instn. Blect. ungrs.
96 (Part 111), p.517



