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1. Field streneth measurements on the transrss-ons
from the Thule back-scattor sounder.

The ficld intensity monitoring equipment used for this

experiment arrived in Dceujiber, 1960, this equipment was originally

designed for the study of polr blackouts, and has been fully described

by D.S. Pratt. Part of the equipment was lost in shipment, and part

was damaged, requiring some modification and improvisation before being

put into operation. However, the basic layout man unchanged, consisting

in three elcizent Yagi aerials feeding Collins R390 A receivers, the

logarithic outputs froi lhich u-z'u -ucordud on a Joneywell Visicordor.

The 12, 18, and 30 :!c/s. Yagi acria l were mounted on a 53 foot aluminium

tower constructed from tDexion' slottead anglo. These aerials wore

directed 110 W. to;ards Thule; as the bearing of Fairbanks is only a few

dcgrecs away from that of Thule it was possible to usc the same set of

aerials in ardor to atterpt the recceptian of signil.s from the latter

station.

Prolimin xy mca,'urements worc started on 18th Febrtury, 1961,

in order to asess the usefulness of the various Thulc and Fairbanks

chaunls. The recults of these mcasuremcnts 3hewed that severe inter-

ference occurred on the twelve and eighteen tic/s. channels of both

stations, no interference was expnrienced on the thirty Mc/s. channels.

Signals from the Actic souriers were observed on one channel only, the

eighteen i!c/. Thule transmiszion. During the period 9th through 19th

i.arch frequencies idjaccnt to Lhc 12.8595 Mc/s. and 17.695 Mc/s. Thule

froquonck s were monitored in acder to find intorference free cl.tnnels

i case a cl:Ange on the soulndcr frequencies rii,ht be possible, it later

transpir ed that ouch a chanEe could not bc. made.

Regular monitoring of th, 17.695 [1c/s, tranosaissin stated on

20th 1MIarch, 1961, and has continued fairly continuously throughout the

year. The results of these observations are shown in Fig. 1 in the

form of moan diurnal variation: in signal strength for each month,

April through October, 1961. Between Septembor 4th and ,lovenber 22nd
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the 30.600 Mc/s. Thule channel was monitored, but although the noise

level was loss than 1 uV. no signals were ob; erved. Signals on the

11.8595 Mc/s. Thule frequency have been observed on two occasion Q-only

during a period of six months.

1.1 Conclusions from field stren th mea urements.

(a) Between the hours of 0600 and 0100 G.A.T., April through

August, the strength at Accra of the 17.695 Mc/s. signals from Thule is

normally greater than 1 uV. Mean diurnal variations in signal intensity

for the months April through Octobcr 1961 arc given in Fig. 1.

(b) The intenoity of interfering signals on the twelve 11c/s.

channels has caused monitorinL on Lhis frequency to be unrewarding,

signals from rhule having bLen observed on two occasions only.

(c) Tho strength At Accra of tiirty lie/ signals from Thulo is

normally below one microvolt at all tiles.

(d) The intensity of interfering signals on all channels other than

thirty Mc/s. has caused the numbcr of observations possible to be insuf-

ficient for u detailed analysis to be made.

2. Measurements on the 16.570 c/.q, puljod tranomissions from Freiburg.

The equipcnt for recording pulse delays was described fully in

Status Report No. 1. It consists of a stable crystal oscillator,

frequency divider, and time base to provide a stable time reference, ard

a pulse receiver, cathode ray tube displr and photographic recorder, a

block diagram of the equipment is shown in Fig. 2.

Initial difficulties were experienced with the 350 Kc/s.

reference crystal provided by the lonospharon Institut, Breisach, as

it did not provide the required frequency stability. In June, 1961,

Freiburg changed to a 100 Kc/s. crystal of high stability. These

transmissions were recorded at Asera using a 100 Ke/s. oscillator which
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was availablc on loan in Accra, ars1 a quitabfn-iodaii divider- -circuit.

The records obtoined in this r.,anncr wrore found to-b. oxtreneily comaplox

in nature, the ed stance of a s many as ton -siiln eduo i niod-cs5 makinig 'an

imediate analysis of the rocordo impoociblo e erdcio foeo

these records with -the dolay scale much cxpandcd is OhoC.M in Fig. 3.

Those rocordings weroe conitinued in tho hopu that the lowor M.U.F.S

associated with win-bur conditions in thie northern hemisphere would docreaso

the number of nimultanoous modeo of propagation oufficiently to enable an

identification of those reraaining to be macde. By thc ond of Soptemibar a

oimaplifica-,tion in the rccorrlm was, becamin, t:)jaront, but at this tilae the

100 Xe/o. cry;3tal h,4cl to be uncxpectedly returned before the oscillator

bcinE, constructed in the Physics Departmenlt w.as comiploted.

The oscillator under contructiam urios a +50 X cub crystal in a

Lomprature stahiliced oven at 4,50C. Thu use) of the comparatively low

nperatinL temipcraLt eve of' 45 0C tW La dvu--.ta6C; Of UIh turni-over point in

the froquoncy-tunip~ratmure cha_-ract(erI.-tic of the crystal -to reduce the

effuct of torIporature fluctuations, aid sJ~so reduces thu rato of frequency

drift cauzed by agihL. The tm~rporL.turc o babilisinL- circuit f or t he ov on

male-s use of the, dop.ndonce onl Lojeeperaturc of the colluctor currant of a

transistor in the, ojilion) base confiLUrati on. Circuit diagrams of the

100 Kc/S. oscillator, kteIipcrature. control unit, inc frequency divider are

ohown in ig.4, 5, (6 Wid 7. Thejr tomperature, caitrol circuit was

developed fron a circuitL publi ,hcd 4f !Pa-lIlet (1961l), and the oscillator

from a circuit by Fairiwea hOr -Lnd Ri:cha'(l5 The: entire temperature

control circuit ith the oxcCmtioI; of tL 1"inal 00MILV transistor control-

ling tho current to the hc,,ter windting, Li cnolosecd in Lhe constant

Lcm.pearature ovcn. After aging the oscill Iter should have a stability of

the order of tWo parts in 10 per duLY.

In ardor te assist the %alyoio of dclay records,0 thin relative

doljys for valuus males of prop-.G:tiai cver the 1,'Veiburg-Accra path havo

been calculated for the dirple. case of sP.cuhu'r refle'ctio fro. had F

layers of uniform huight. FiL-,s. 8, 9, 10 andl 11 show rolative delay and

angle of arrival for various F, F E, and F + 2E niodes.
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3. Measurements on 20 Mjc/s. VIV.

During the months of May, Juno, July, and August, 1961,

recordings of the signal strength *of the 20 M/s. transmissions fr om

the NWV trans mitter in "'ashingtcn wore made at Acora for the purpoeo

of comparison with 'the Thle measurements. The equlpraiet usecd

consisted of a half wave dipole aerial 1.5 wave lengths abovo the

ground feeding a narrow bandwidth receiver, the; logarithmiic carrier

level output of wiit oh wan rec(.orded on au Lasterline Angus pen recorder.

Fig. 12 shows the monthly mean diurnal varia-tions in signal

strength for the four months, expressecd in termsi of dl., above, one

macrevel t.

4. Baek-scatts -r.-

It waso originally inuendod thait backh-scater soundings should

be made using ani I.C.Y. type hM-s-1-catter sounder W be provided by the

J..3.A.F., it later rtppcared that an I.G.Y. sounder was, net available.

Towards tic end ::f t.ije wri covered by this report a pretetype

Rlaythonl Cozi xaunder, became availabolo. This- cons:ists, of' a transmitter

tunable to oxiy onet S ix crystal centrollcd chatnnels, pubso modulator,

receiver, dupL.x~~r, and ati A sican display unit. The transmitter peak

power 1!; about 1 Wc., and Lbh( pubic, duration is, vatriable from 0.5 to

2.5 inS. Somec imiti cil diffieultit s were exxriamoed vrith thi 3 equipmeont

owing to the fact tha.t mc. cr-ystals, were- shipp.d with t'he equipment, and

no circuit diagram of the tranmit icrw prov.ided.

It is intended to u:e. tMe b)ack -scattecr snuamdor in crder to

investigate, icrogul'trLI-.i. 2 in F rwinad, if' the limited reosolution

of the oquipmu.nt permits, the itregtenj . In order to make1 saeo assess-

mont of the sensitivity of bh, cquipment ad tho feasibility of its

use in observing irse back-scatter from F reg.,ioni irregulrities, the

equipment, was initially operated4 with an eigh-teen M/s. three element

Yagi aerial directed vertically upwtards,. It ,mno mted that during- the
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presence of sproad F, we~ak cohooo were rceived fran hcihhto

corresponding to the F region heights rcorded "it lower frequencies

by a standard ionosondo. It was further notod. that diirlnr the presence

of extra se-vere radio ,,tar ocintillation (Kostor, 1958), onblc d

echoos wore observed oni the eighteen Mc/s. back-scatter frequency. The

range of those achoes was observod to dcrexase from-, 800 Kma. to 200 M.

dluring,- a period of about twonty minutes. A possiblu c-Xplanation of

this phenomenon is, that thecechoes originate from -driftinE cloud of

intonocly disturbed ionrloationi. In order to investigate, this pheonomenon

more closely, and to provide a vers-atile tool fur fLwthor cxperimcnt, a

fuily steerable ei'ihteen 14c/s. acrial sy3tcln is being constructed. This

aerial is cabeof being rotated both in azimuth andinevtoad

io arrang .d to ,,'v(, uthor horizcoiCal or vertical polarioation '(o the

explorin2u wave. fuleet contbrol of Lhu, aeIria-l is achieved b-.r noeayl of

trnistrisd rv.-en~r~lcircuits, an-d ;iouviscioe is- mao for

atomatic opc.raticna in thic ie w i tinuOUS Are' of0 azimuth -old/

e~vtin. ~cii~icLin~Are beli- L iuI aW , Mic th ozi 2scvaidcr in (rdcr to

iiuprovc th1e ranil, e v& ;solIAmon f tVs..ciiipumet, in particular, provision

i, being 1.;ade fe-r 101th tsuIPpressie. X .1( th roun1 pu; at th(: reciver in

order tn mOL nbl Iwr'tor dolay.: L4. ;f; uasured.

5. Invcti2 ihion 1j5i cL Kdi fhct.

The prino i.p. Ll obj(,ct A) Yu epcinntwa tc investiLgate the

rapid fluttur t~pc J.' ,0in-o~nonn, e-quatorial locaiAon5. 'Jontimuous

data over an uxtcmnd 1riod ,.Cim :L., roquli- d J',r tho ourxpos c of

dotemiAninC, thc diurnal :Jnd aiiui.I. variaticm:; of thid- fading, .mid

correlating. this; ;ffcct with 0C. hor uq uatorial ionospheric phonoimenla.

Throughoul;. ihe ),,riod -if 1h e et~~b t, A-1,,.1 u;sCd was

-the 3.B.C.tasiso to 'JestA Africi. on 15.07 Ue/sL. Signals, were

receivod on a oimpi( folded dipolu. suspen-ded 5.5 mresrc abovc, the ground.

CThe receiver au n, (ollino a39() A slightly .dfi to jie n m GC

tine, constant of ,20 conds. The- 1.11. output of Lie receivor 'asused

to operate t fade, rite- mc-tor of the, trpo described by f1-Larding,, Janoon

en Kch va sn~e tae ~plificr. Thc A.C. Voltage of the

receiver, suitably am.plified, was- also recorded to gIve a measure of



signal otrongth on- onnitl ur.rihi cje St i~

otrongth and f,,ting ratG wore rccorded ooed -nuouoly at 3 inches per

hour oil ail Evor0oo ",yj Vignloic,, tin e;;rlo clrtrt rcccr'dor.- The ~Wo
equipi-mlnto we" oalibrate aily.

Experiment ahowed thx-it wuenever the ciannl strongth droppcd

to a leve,,l of about 20 clii. above. one, microvolt at the r oceivor input,

the fading rate meter began to record spturious counts duo- to the

genera:l backg-round noine.. Plmco in the- later analysis all fading rate

records were, rcjoctcd for occa~ioni when Lho signal voltage at thc
recciver input. ciropp id t.o lc83 thirei 30 dIb. relative to ono microvolt.

This rarely occ urred cxcept in th,7, eurly ..iorning hours by which tI-ne

fluttcer Lading, haj uei~iaily di.-ap,-,,arcd. Froma th,, ro ma ining mreccdo

values of the- f,,dinE, rat(, -4re( tLbu' ted for ech-Cl t ..r,1ty m-.inute inter-

val. It was a-lso dcirod to fix -,niit of Itt]-l amount of' fading'

for each night. This w;~ ckefinuid -o the total arca Wtur the; fading

rate v. time carve, and ira5 neasurud in practice by bakting the suim of

the twenty minute adn r,-tc v-l.a2 for .,'nturc. nighlt.

5.1 Results from-, the invetietion of !u-zl(fadil;,

Thc resul .:. LrK ui a rie iii iEurc;, 13 olnd 14. Fig. 13

shows the tot,.al a~mount of fA]i f or ahday i'ron ict 1ha--y th-rough

3rd 14oveim.b~r, 19(1'O. in ui-AnW 'heJmtin of hourly- LadinC rajtCS,

all fadinC rates, 1L2e: thinl; 3 c/,;. -VXL c- xcludled in order to cminhasiso

thc. dis;tribution of ;e(vere- flu t-r ; .'AinfY. A furt-Ji-r reason for the

rejection uf low count, rates 11;s in hefact thA ,iiner in;;trummetal

faults can give, a opurioui cwat rAe of one(. or two colzats por second,

which, sum;--id ove-r -n en:tire Ai.,ht, would give the impression of

pronounced flutte;r Ladiag, when in re.ality,- therm was little or none.

It is cloar from the, figure, tha faot flutter fadinL.g io distinctly an

oquinoctial phecnomenon, though) %i. occasional cast. of flutter fading may

occur :.t other .3uasonis.

Fig. 14+ is mainly intendeld to showi the- daily variation, but

it also shows the seasonil effoot. The; curves show the, moan value of
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fading rate verous tine for fortnightly intervals between August
8th and !Novombca' 3rd. The ourvos agree well in showing a~ rapid

lac infclntrte at about lS.30 G.11,.T., a maxirnun at 19-30

G.vi*dT. to 20.30 CQ.M.T., and then a slow neerly exponential fall.
Faigrate ias normally very near to zero by m idnightonc40s

all days. No 'ounrisel fadin[' effect was observed. All the
curves show a markcd rise in the fading raito for the two points

at 22.15 and 22.45 G.,t.T, This is not a genuine iono~phcadc

effect. It is evident from the s~gai strenGth rocordr, that the

roccived siGnal stm.nth dro.)p d abruptly at approximately

22.1 G~i.T.,aJioseaan abu f -r , inut,-c later. The final

explanittion is not certain, but it would v arthat the tB.O.C.

transise ion being_ umd for thic investigation r.as switched to a

different aurial duriang thi intarval, prob-,bl, bear-ing thu

signal in a differen.t d1ircction, or at a differunt tuke off angle.

Thie norreiation of fadin,-, rate with radio Lotxar cintilla-

tion, s~read I' -nd olbo r gphnclphenomul.I.a still rornains to be

donc.

6. ~ tiat o o i gu~r~'ics inthe nir ,ht
tineL euLv,4l

Thi xx irot concluotud at Legon by Dr. J.R. i' osor,

of the Unv:rijof Ghna nd Dr. G.33. Kent, of the 1Jniyo rsity

Colloe go, Mbadan, hi~be;-n 1',ily reported in the form of Techn-ical

Note (Kenit and Xoote(, 1961). Thec. purpose of the experiment was

to deterino L hulehL of i-h(e i-,rceguLeitic-s in the night tiie

equatori-l. i regrion wich livc i-isc to Lhe scintillation of satol-

litc; sirlials. Thu, results -xc! seu.sarised heru in 'jablo1E 1, the
aproiiaepoi~os fthC, ireglities asoiabed with ceach

observation bei nC ohom. in FiE. 15. I'U will be nioted that the

effetv, hecight of thr! ir rrc&lnritices alwayp lif's betweenl 50 Kni.

and 100 jKn. iboiv tho base. of the F layvcr. The values of height

may be ccmp-r61 writh the rosults Cohen anad B3ovlcs (1961) wtho found

that the irrugulari tics which they obs, rvo lie at or near the base

of the 1, layer.
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Table 1

Heigyht I 1-iiht of~
Wo. Dato tT.T. of irrogularitiesI

___ I ~F layer _ _

1 22/6/61 22-01 203 350 kra. 44l

2 22/6/61 2 2 ,02 .0 350 401

3 23/6/61 20:56:0/4 360 416

4, 2/4/6/61 21,27v02 300 402

5 2-4/6/61 2 1 29 -00 300 3,96

6 2/1/6/61 21.30-.06 300 380

7 9/7/61 02-33 54 395

8 10/7/61 01:-22:30 427

9 12/71/61 00-5L-07 260 354

10 1/7/61 00 - 2 .-07 260 314

7. The scattering of raxdi-o xwvos from~ the iones :2Lre.

DurinG tho rc~iod ccvurud b.y this report, a Thortical study

of the -cattcring of m(Aii frequency r-tdio wraves in thu loer ionosphere

wvrv conducted hj Profoeasor .H 'ri~hl, ond jir. fl.R. Clomoc23ha. Thia

study his bueen pubii.LhK1 (Clel.:onha and I iriLht, 1962) ;:nd, L 11 be further

rmoartod In theI form. of a Tchnical iio~o. The invuotij.-tion demonstrates

that the apparent r,axiraum in the bac.-scatter of iu(.iui wave radio signals

which occurs at he-ight.3 in thLe rcrgion of 70 ir.(Gardner and Pawscy, 1953),

does not, as hias, hithurto beenY aoouracd, require -thL--. postulation of a

maximiwi in tho elct'ron density or Lhu intensity of irregularities at this
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