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l. Field gstrength measurements on the transpissions
from the Thule boackescattor sounder.

The £icld intensity monitoring equipment used for this
experinent arrived in Decanber, 1960, this equipment wes originally
designed for the study of polor blackouts, oand has beon fully deseribed
by D.3. Pratt, Part of the equipsent was lost in shipment, and part
vas damaged, requiring some modification and improvisation before being
put into operation. However, the basic layout was unchanged, consisting
in tlree element Yogi aerials fecding Colling R390 A receivers, the
logarithmic outputs fron whdch were recourded on u lioneywell Visicorder.
The 12, 18, and 30 iie/s. Yagi acrials were mounted on a 53 foot aluminium
tower constructed from 'Dexion' slotved angle. These acrials were
dirccted 11° W, tow.rds Thule; as the bearing of Fairbanks is only 1 few
degrecs avay f{rom that of Thule it was possiblce to usc the same set of
acrials in arder to attenst the roceptim of dgignals from the latter
station,

Prelinin ry measurements werc storted on 18th Febrwry, 1961,
in e¢rxder to asscgs the usefulness of the various Thule and Tairbanks
channcls, The recules of these measuremcnts showed that severe inter-
ference oceurrcd on bhe twelve and cighteen tic/s. channels of both
stations, no interferencc was cxpuricneed on the thirty Mc/s. channels.
Signals from the .irehic soumers werc observed on one channel only, the
cighteen ife/s. Thule transmiscion. During the period 9th through 19th
March frequencies idjacent to the 12.8595 ie/s. armd 17.695 Me/3. Thule
frequoncie 8 were nonitored in ader to find intorference frec channels
in cadse a ehange on the sourcer frequencics might be possible, it later
transpir ed that such a chonge could not be made.

Regulor nonitoring of ths 17.695 lle/s. Gtransmission stated on
20th March, 1961, and has continued fairly continuously throughout the
year. The rcsults of these observations are shown in TFig, 1 in the
form of moan diurnal variations in signal strength for each month,
April through October, 1951. Betweon 3eptembor 4th and Hovember 22nd
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the 30,600 Me/s. Thule channel was monitored, but although the noise

level was less than 1 uV. no signals were olserved. Signals on the

11.8595 Mc/s. Thule frequéncy have bcen observed on two 66C§Sibné'q§l§ -
during a period of six months, o

1.1 gConclusions from ficld strongth measurements.

(a) Between the hours of 0600 and 0100 G.i4.T., April through
August, the strength at Accra of the 17,695 Mc/s. signals from Thule is
normally greater than 1 uV. Mcan diurnal variations in signal intensity
for the months April through Octobor 1961 arc given in Fig. 1.

(b) The intensity of interfering signels on the twelve Me/e.
channcls has caused monitoring on this frequency to be unrewarding,

gignals from Thule having Leen obscrved on two occasions only.

(¢) The strength a% Acera of hhirty be/s, signals from Thule is
normally below onc nmicerovelt at all tines,

(d) The intensity of interfering signals on all channels other than
thirty Me/a. has causcd the number of obscrvations possible to be insuf-

ficient for a detailed analysis to be made.

2.

Meagurenents on the 16, e/, pulscd transmissions from Freiburg.

The oquiprent for rocording pulsc delays was described fully in
Status Report lo. 1. It conasists of a stable crystal oseillator,
frequency divider, and time basc to provide u stable time reference, ard
a pulse roceiver, cathode ray tube disploy ond photographic rocorder, a
block diagram of the cquipment is shown in Fig. 2.

Initisl difficultics werc cxpericnced with the 350 CYER
reference crystal provided by the Ionoapharen Institut, Breisach, as
1t did not providc the required frequency stability. In June, 1961,
Freiburg changed to a 100 LKe/a. crystal of high stabillity. These
transmissions were recorded at Azcra using a 100 Ke/s. oscillator which
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was availablc on loan in Accra, ard a suitably modificd divider-cireult. .- .-
The rocords obtained in this monner wore found to be g:_xtzzémely éonlplox o
in nature, the edstence of as many as bon simultancsous modcs making an
immediate analysis of the records impogssible; o reproduction of one of
these rccords with the delay scale much cxpanded isg sham in Fig. 3,
These rocordings were continued in the hope that the lower M.U.F.s
agsociated with winter sonditions in the northern hemisphere would deerease
the number of simultancous modes of propagation sufficicntly to cnable an
identification of those remaining to be made. By the cnd of Scptember a
simplification in the rccords was beconming woporent, but at this time the
100 Ke/s. crystal had to be uncxpecbedly returncd before the oscillator

being constructed in the Physics Departmcut was comploted.

The oscillabor under construction uses a +50 X cut crystal in a
benperature stabilisoed oven at 450(}. The use of the comparatively low
operating tenperature of 4500 talw s adveatage of the turn=over point in
the frequency-tempirature charactoristic of the erystal to reducce the
effcet of tenperaturc f{luctuations, md also rcduces the rate of frequency
drift cousced by aging. The tonperubure stabilising cireuit for the oven
makes uge of' the denendence on tenperaturc of the collcetor current of a
transistor in the common base confipuration. Cirecuit diagrans of the
100 Ke/a. oscillator, temperature control unit, ind frequency divider arc
shown in Figs. 4, 5, 6 and 7. The tenmperature camtrol circuit was
devoloped fron o cirveuil published by Pallet (1951), and the ogeillator
from a circuib by Fairwecather and Richards, The entire temperaturc
control cireuit with the oxcoption of tly final power transistor control-
ling the currcnt to the hcater winding, is enclosad in the congtant
tonperature oven, After aging the oseillator should have a stability of
the order of two parts din lO8 per day.

In order bo assist the anslysis of delay rcecords, the rclative
delays for various mades of propugrtion over the Mreiburg~Accra path have
been ealeulated for the dhmple casce of specular refleetion from ki mad I
laycrs of uniform height. Figs, §, 9, 10 and 11 show relative delay and
angle of arrival for various F, I' + E, and F + 2E nodes.
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3. Mecasurements on 20 Me/s. WWV,

During the months of May, Tune, July, and August, 1961,
recordings of the signal strength ‘of the 20 Me/s. transmissions from
the WWV transmitter in 'fashington were made at Accra for the purpeze
of comparison with bthe Thule measwenents. The cquipm nt used
consisted of a halfl wave dipole acrial 1.5 wavelengths above the
ground fecdling a narrov bandwidth rccclver, the logarithanic carrier

level output; of which was rocorded on an Fasterline Angus pen recorder.

Fig., 12 shows the nonthly mean diurnal variations in signal
strength for the four monthy, expressed in bterms of db, above one

nicrovolt.

4e Dack-gcobtir.

It wvag originally intended that back-scaticr soundings should
be made using an L.G.Y. btyoc haeh-scatter sounder o be provided by the
J.3.4.F., 1t later appeared that an I.G,Y. gsounder was nol available.
Towards thc end <f the period covered by this roport a prototype
Raytheon Cozi wmunder becanc available, This consists of a transmitter
funable te sy one »f six eryatal controlled channcls, pulse nmodulator,
reeciver, duplexer, and an A scan displgy unit. The tronsmitbter poak
powcr is about 1 Xw., and the pulsc duration is variable from O.5 to
2.5 mS, Secme indtial difficultbics were experionccd with this cquipnent
owing to the fact that no erystals were shipp.d with the cquipment, and

no circuit diagran of the trancnitber was providad.

It i3 intended bo usce bhe back=gecabber soundcr in arder to
investigatc icercgulnrlti. o in F oroplon, and, if the linited rosolution
of the cquipment pernits, the ¥ rogions In order to meke sone asscog-
nent of the sensitiviby of Hhe cquipment and the feasibility of its
use in obscrving dirceb back-scattor fron I ropion irrcegularities, the
cquipment weo initially coperabtaed with an cighteen Me/s, throc cloment

Yagi acrial dirceted vertically upwards., It was noted that during the
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pregence of spread F, weak cchoes were received from heiphts

corresponding to the I rogion hoights recarded at lower [requencieg

by o standard ionogsondc. It was further noted that during the presence
of extra scvere radio star scintillation (Koster, 1958), enhmced

cchocs wore obgcrved on the cightoen Mc/s. backescaticr frequency. The
range ol thugso echocs was obsurved to decrease from 800 Kn. to 200 Km.
during a puriod of obout twent,y winutes, A possible cxplamtion of

this phenomenon is that the cchoes originate from o deifting cloud of
intensely disturbed ionisation, In order to imvostigatc this phenonenon
nore closcly, and to provide a versatile tool for furthor cxperiment, o
fully stecrable cighteen Me/s. acrial system is being constructed. This
acrial is capable of being rotated botih in azimuth and in clevation, and
is arrang d to pdve cither horizonlal or verbicel vnolarisation Lo the
exploring wave, Remote centrol of the acrial is achicved by ncans of
transistoriscd serve~control civeuits, and provisico: is nade for
autonatic operation in bhe iorn of continuous sweep of azimuth nd/or
clovation, Modificoblons are boeins made ko the Cozi soaader in arder to
inprove bthe range rogolubion of biils quipncent, in particular, provision
is being nade for bhe suppressica £ bhe ground pulse at the roceiver in
order to onable shartor delay: Lo oo neasured.

5., Investisabion of owescl foding, offuct.

The princip.l objeet of thils cxpereinent was te investigate the
rapid flutter type of foading coamen at cquatorial locations. Gontinuous
data over an extendod neriod of btine iz requiraed ffor the ourposc of
doternining the diuenal snd amual variations of thiz fading, md

correlating this cffcet with cbher cquatorial ionospheric phenonena.

Throughout: the nepiod of the investication the dgnal used vas
the B.B.C. bransmisuion Lo Yosk Afriesn on 15,07 iic/s. Signals were

rcecived on o simple folded dipole suspended 5.5 nctres above Lhe ground.

The reeciver wag o Colling #4390 A slightly aodificd to ive an AL.G.C.
time conubtant of 20 scconds. The I.0, output of Lie reeciver wrag uscd
to operate n fade rate metor of the type described by Harding, Janson
and Koeh, vis o single sbage anplificr. Tle A.G.C. voltage of the ‘

receiver, suitably anplificd, was alsce recorded to give o nicasurce of
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signal strength on o convendeotly logarithmic scele. Both pignal
gtrength and fading rate were recorded continuously at 3 inches per
hour on an Evergled and Vignoles twin strip clart recarder. The iwo

equipnents were calibratved deily.

Experiment showed that wnenever the dlgnal strength dropped
to a level of about 20 Jdb, above one microvoll at the r eceiver input,
the fading rate ncter began to rcecord spurious counts due to the
gencral background noisc. Henee in the later analysis all fading rate
records vere rejocted for occasions when bhe signal voltage at the
recciver input dropped to less than 30 db. relative to one microvelt.
This rarcly oceurrcd cxcept in the carly .oming hours by which tine
fluttcer fading has usually disapnuared.  IFron thy romaining records
values of the fading rate were tabulated Cor cach twonty minute inter-
val. It was zlso deoired to fix 2 wmit of 'total anount of fading'
for cach night, This was defined (3 the total arca wider the fading
rate ve Lince curve, nd vas ncasured in nractice by taking the sum of

the twenby ninute foding roate vilw o For the entirc night,

5.1 Regulbts from the investization of sunset fading.

The resul-s we gusa.riowd ion Pisgures 13 ond 14, Fige 13
shows the total cnount of {udiv for coch day ifron lst liay through
3rd deveibor, 19601, In naking bthe swwntions of howrly fading rates,
all fading rates loss than 3 ¢/s. wore execluded in order to cnphasise
the distribution of suvere flucter Jading. A furthur reason for the
rajection of lov count rates Llics in bhe faet that winor insbrunental
faults con pgive a gpuricus caunt rate of onc or two couats per soccond,
which, summcd over .n entire aipght, would give the impression of
pronounced fluttcr fadiag, when in reality there was little or none.
It is elecar from the ligure that fust flutter fading is distinetly an
cquinoctial phenomenon, though an oceasional eage of flutter foding nay

occur ob other scasons.

Fig. 14 is nmainly intended to show the daily veriation, but

it algo shows the scasonil effcet. The curves show the mean value of
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fading rate versus time for fortnightly intervals between August
8th and Wovember 3rd. The curves agree well in showing o rapid
rise in fading rate &b about 18,30 G.M.T., o maximun at 19.30
G.i.T. to 20,30 G.M.T., and then o slov nearly exponential fall.
Fading ratc was normally very ncar to zcro hy midnight on almost
all deys. Wo tgunrise! fading effeet was obaerved. ALl the
curves show a marked rise in the fading rate for the two noints
at 22.15 and 22,45 G...T, This is aot a genuine ionospheric
cffcet. It is cvident from the & gnal strength records that the
reeelved signal strength drosped abruptly at approximately

22.10 G.u.T., a3l rosc again aboul forty minutcs later, The final
explanaition is not ccrtain, but it would a»aar that the B.3.C.
transnission being used for this investigation was switched to a
differcnt acrial duriag this intorval, probably bearing the

signal in a diffcrent direction, or at a different take off wgle.

The corrclotion of fading ratce with radic sbar seintilla-
tion, saxead I and oblicr guophysical phenomena still remains to be

donc.

6. A ipvesticatics of irrepularivics in the night
tine cquosenial Foregion,

This cxporinent; conducted at Lepou by Or. J.R. loster,
of the Univursity of Ghanr, cad Dr. Gu3. Hent, of tho University
Collc e, Tbadar, his beon £ally reported in the form of Technieal
Note (Keut and Xostur, 1961). The purposc of the experinent was
to deterrine the height of the irrepuloritics in the night time
oquatorial i ropion wiieh (ive risc to the seintillaotion of satel-
lite signala, The results arce swiworised here in Table 1, the
approxinete posilbions of the irrcgulawritics awsscciabed with cach
observation being shown in Fig, 15, It will be noted that the
cffecblve heigiht of the irregularitics always lies between 50 Kn.
and 100 Ku. sbove the bage of the F layer, The values of height
may be compored vith the results Cohen and Bowles (1961) who Tound
that the irregularitics which they obscrve lie at or near the base

of the I layer.
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Table 1
l Height Height of
o, Date U,T. of irregulorities
hasc of
F layor
1 {22/6/61 | 22:01:03 350 kn. 424, Y.
21 22/6/61 | 22:02:01 350 401
3 1 23/6/61 | 20:56:04 360 416
4} 24/6/61 | 21:27:02 300 402
5 | 24/6/61 | 21:29:00 300 396
5 1 22/6/61 | 21:30:06 300 380
71 9/7/61 | 02433154 395
10/7/61 | 01:22:30 427
12/7/61 | 00:51:07 260 354
10 | 12/7/61 | 00:52.07 260 | 314
|

7. The scattcring of radio waves from the ionospherc.

During the pariod covercd by this reparl a theoretical study
of the seattering of mediuwn frequency radio vraves in the lower ionospherc
was condueted by Professor R .H. Yrighl md iir. B.R. Clomesha.  Thia
study hag been published (Clewosha and “right, 1962) cnd will be further
renarted in the form of a Technical Hote. The inveatigation demonstrates
that the apparent naximum in thic back=scatter of mcdium wave rodio signals
which occurs at heights in the region of 70 L. (Gardner and Pawsoyyl953),
does not, as has hitherto been assumed, requirce the postulation of a
noximu in the electron density or the intensity of irrcegularities at this

height,




Clemesha,; B.R. & Wright, R.W.L.
Cohen, R. & Bowlog, K.L.
Gardner, I, I, & Pawscy, Je.L.

Falrweather, D, & Richards, R.C.

Harding, Janscn, and Xoch

Kent, G.S. & Roster, J.R.

Koster, J.R.

P&llCt, JJE.

Pratt, D.3.

Naturc, 193, 54, (1962)
JuGR., 66, 1081, (1961)
J. Atnos, Terr. Phys. 3, 321 (1953)

Marconi Monograph, 'Quartz crystals
as oscillators and resonators',
il.B.3. Report o, 6046, 'Fading rate

recordert.

Jature, J91, 1083 (1961) and T.R.
Jo, 1 rceproduccd unicr Contract
AP 61 (052)=421.

Je Abmos, Terr. Phys. 12, 100, (1958)

Eleetronic Fngineerinz, 33, 360, (1961)

Nadin propogation lab. Stanford
University. '4 ficld intonsity
recorder for the otudy of polar
blacouls?t.

AF 19(604)-4103.

Roproduced wd er Contract



TGITRSIT. OF 4F 51 (052)-421
GHAUA, TEGOH, . 3R 1

G:ANA. GEOPLISICS

28th Jan., 1962
EQUATCRIAL: 3TODY OF IREGUL RITILS I IiE
TO:'0SPIERE .

2.LH, Thright

: Sumory of vorl on obliguc
tronsmission, Thale-icera, - H.cu..dﬁ,mlboodmw

- e 8 ok ol s i

JUIVER u._. T OF LF 51 {052)-421
GLlhy, ] ,cb“,c mw,. 1
GEOPHE73ICS

28th Jan., 1982

LEULTORILL 3TUDY OF IRALGULIRITIES I
ICHOSPrITL

™ T T.
MHewWelle

s ~ -~ o -

D3 2TACT

1
L N v T .
.mH...wu.mnsukHQ.J Thulc—.2ora, Imeiburg-acera;
—

-

- -

e
ashingbom-secra, Flufter foding, o woum.. ot Loshincton—lcer:, Jlabter Iding, Looswooning
of height of ¥ roglon irre 1:.,.3.%;.. CJE PR of Feily of Torosion Dereglocitios; g
voertical incilencc bacl-scoliir o H...u C ULVC3 voerticsl incitone. bogl-scai=or ol railc SLwos
From below the T region. from bulce e b reglont.
1
i
- 3 - 4 = SR R o [ P L A
TIIV.RSITE OF AF E1 (052)-421 CITIERGITI OF LT 8L (052)-421
Gritin, LeGOH 321 m,...r,,...v L.0C0, G 1
GLiii GLOPEY3ICS e CDOPR SIS
Griyiine
P - .
28th Jan., 1962 28k Jan., 152
STUDY OF IRNCGLLOARITICT I 57 TWaTO TRl 3T.0C 7 TRTULLLAITDS I TLL

Summary of weri on ohlisac

HP0liuiy :
sronsaissi 2y Thuale=izera, wu.,.u..a..h,m.u.l:oowwh
Tashinrben~icera, Flulttcr fadinl, measrd ot
cof noight of F rogicn irrcsuliriiiis, red
vortical incidence backe-ceiticr of rodio wowes

. St

10032 R

LT, L drdche

A3 T

- VoA TS A
PV i fr(.» > oo T T ul.rfyr(

J
tr 3.;Fnuuo-¢ Thilu=aZcr o, .oiour —.cera
N Jadisg, GosBurenind
roguloricics,

LN PR N, D o P T
fonce Loaieseobhor ol radic woves




