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on Transequatorial Radio Propagation 
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The apparent partial dependence of a nomalous transequatorial propagation o n the 
phase of the moon has led to det ailed investigation of the luni-solar tides in hi F for H) 
st a tions having magnetic dip values bctwccn + 51 ° and - 57°. 

An attempt h as becn made to dctcrminc wh ethcr the computcd tidcs were sig nificn.nt 
by means of power spectrum analys is . Sig nifica nt large amp litudc sc mi-diurn a l ticl('~ were 
found oIlly for r egions near the magnetic cquator at loca l solar tim cs betwec n J (lGO and 
2300 hours . 

A propagatio n a na lys is h as furth c r shown that a pprcciab le mode pattern cha ng('s "l"ith 
thc cha nging phase of t he moo n il l'() not to be cxpec ted for 16 ~![ cjs t ra nsequatorial propa
gat ion from l3ris ba ne . 

1. Introduction 

For some years backscaLter obser vations have 
been made aL Brisbane of 16 :Mc/s t ranseqwttorial 
radio propagation [Thomas, 1961; Thomas and 
Mclnnes, 1964]. A prelimim.ry analysis of the re
cOl'dings gave an indica Lion Lh;tL there might be some 
lunar influence on the prop,tg,ttion co nditions. 
Thus, for example, the da,ily time of first observa
tions of a particular anomalou s echo appeil.r ed to be 
partially dependent on the phase of the moon . 

Analysis of the various modes of prop 'l.g,ttion of 
16 Mc/s signals traveling along g re,tt-cirde p;tths 
from Brisbane has shown Lh at Lhe anomalous echo 
referred to above was due to r efl ections from t he 
tilted ionosphere in the region of t h e early evelllllg 

Station Dip 

Brisban e _______ ___ _________ __ _ _ 

I Tana llarive __ ---- - - -- -- ----- - --

Towns ville _____ ______________ _ 

llaroton ga ____ ________________ _ 

Ycars 

1957, 58, 59 
1(l58, 59, 60 

1960 

1956, 57 
1957, 58 

1959 
1960 

] (l57, 59 
] (l58 60 

1959 
1960 
1961 

1956, 57 
1956, 57 

1(l57 
1958 

equatori'1.1 bulge. The mosL important single facLor 
controlling th e observation of such "tilt-mode" prop
ag<l.Lion appeared to b e the height configunl.Lion of 
the ionosphere in th e region wiLhin 2000 kill of the 
ml1gneLic equator. For Lhis reason it WItS deter
min ed to calTY out lUllar tid,tl analyses of' fi' region 
heights for a lal'genumber of' s tations in subLropical 
a nd tropical r egions, in a n attemp t to delineate the 
heig ht profile along various great-circle paths for 
v ,1.rious phases of th e moon. 

Unfor t unately, the only h eight data re;tdily avail
'l.ble for such exLensive analysis ,ne the hourly valu es 
of 11,' F, and all t ile results of this work refer to such 
v,du es. Table 1 lists the 19 s taLions for which 
a n!l.lyses were carried out, together with the magnetic 
dip val ues and Lhe p eriods lW,tlysed for e!1.cit station. 

J>Cl'iod ana lysed 
Local solar times 

i\[onths 

Nov.- Dec_ _ _ _ ___ __ __ _ _ _ _ _ _ _ _ __ _ 1400- 2100 
J an.- Feb_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1400- 2100 
Aug.- Oct ___ _______ __ ___________ 12, 15, 16, 17,20,00 

N ov.- D ec_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ ___ 1600- 2300 
J an .- Feb _______________________ 1600- 2300 
N ov.- D ec_ _ _ _ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ 1600- 1800 
J an ________ ____________________ 1600- 1800 

Nov.- D cc ____ _______ ___________ 1500- 2100 
Jan.- F eb _ _ __ __ _ _ __ __ _ __ _ _ _ _ _ _ _ _ 1500- 2100 
Aug.- D ec _ _ _ _ _ _ _ __ __ _ __ _ _ _ _ _ __ _ 1600- 1800 
J an.- D ec____ __ _ _ __ __ _ _ __ __ _ _ _ _ _ 1600- 1800 
J an.- JUly _____ _ __ __ __ ___ _ _ _ _ _ _ __ 1600- 1800 

Jan.- F eb ______________________ 1700- 1900 
N ov.- D cc _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1700-1900 
N ov.- D ec_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1500- 2000 
J a n., Feb., Nov., D ec ____________ 1500- 2000 

:Physics DcpartJllcnt, Un iversity of Quccnsland ; now a t Ph ysics Dcpa rtment (R.1\ .A.F. Academ y) , Univcrsity of M elbourne. 
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TABLE l - Continued 

Station Dip 

TahilL __ ____________ ___ ______ _ 

Buenos Ail'es __________________ _ 

Lwiro ________________________ _ 

Sao Paulo _______ __ ___________ _ 

IIuancayo __ __________________ _ 

Chimbote ____________ _____ __ __ _ 

Djibouti __ ____________________ _ 

Chiclayo ______________________ _ 

Talara ____ ____ _______ ________ _ 

Dakar ___ _____________________ _ 

Baguio ___ ________ __ ____ __ ____ _ 

Okinawa _________________ ____ _ _ 

Panama __ ______ ______________ _ 

MauL _____ __________________ _ _ 

Puerto Rico ____ ___ ___ __ __ ____ _ _ 

2. Do to Selection 

Ycars 

1957 
1958 
1959 

1958 
1959 
1960 

1953, 55, 57 
1954, 55 
1956, 60 

1958, 59, 60 
1960 
1960 

1958, 59, 60 
1957, 59 

1957, 58, 59 
1958 

1959, 60 

1957, 58 
1958- 59 

1957 
1958 
1959 

1957, 58 
1958, 59 

1958 
1959 

1957, 58, 59 
1960 

1956, 57 
1957, 58 

1959 

1957, 58, 59 
1958, 59, 60 

1957, 58, 59 
1958, 59 

1957 
1958 
1958 

1957, 58, 59 
1958, 59 

1957 
1958 

There have been a number of analyses made of 
tidal effects in the F region [Martyn, 1947 , 1948 ; 
Burkard, 1948, 1951; Appleton and Beynon, 1948; 
McNish and Gautier, 1949; Eyfrig, 1952; Osborne, 
1952; Baral, 1956; Brown, 1956; Yonezawa and 
Arima, 1958; Rastogi, 1961]: the majority of such 
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Period analysed 
Local solar times 

:lVIonths 

D ec___ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1600- 2300 
J an.- Feb _ _ __ ____ _ ___ _ _ __ _ _ _____ 1600- 2300 
Nov.- D ec _ __ ___ _ _ __ _ __ ___ _ _ __ __ 1800- 2000 

J an. , Feb., Nov., Dec_ _ _ _ _ _ _ _ _ _ _ _ 1500- 2000 
Jan., Nov., Dec _______ ________ __ 1500- 2000 
J an .- Feb _ _ __ _ _ __ _ _ __ _ _ _ __ _ _ _ _ _ _ 1500- 2000 

"May- Aug. , Nov. , D ec ____________ 1700- 2300 
J an. , F eb. , Nov .. D ec ____________ 1700- 2300 
Jan.- Feb ____ _ ___ __ ___ _ _ ___ _ __ __ 1700- 2300 
May- Aug_ _ _ _ ___ _ ____ _ _ __ _ ___ __ 1700- 2300 
J an.- Nov_____ _ __ __ __ __ _ __ _ ___ __ 1700- 1900 
Nov _ __ ___ ___ _ __ _ _ ____ _ __ _ ___ __ 1700- 2300 

Jan.- Feb _ _ ___ _ __ _ _ _ _ __ _ ___ _ __ __ 1500- 2000 
Nov.- D ec_ _ __ _ __ _ _ __ _ _ _ ___ ___ __ 1500- 2000 

Nov.- Dec _ _ __ _ ________ _ __ __ _ __ _ 0000- 2300 
May-Aug _ _ __ _ __ __ _ ____ ___ _ ___ _ 0000- 2300 
Jan ., Feb., May-Junc ____________ 0000- 2300 

N ov.- Dcc _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1800- 2200 
J an.- F eb_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1800- 2200 

Nov.- Dec _ _ _ __ __ __ _ ________ ___ _ 1600- 2300 
J an .- F eb_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1600- 2300 
Nov.- Dec_ _ _ _ _ __ __ _ ____ ___ _ ___ _ 1800- 2000 

Nov.- Dec_ _ _ __ __ __ _ ____ _ ___ _ __ _ 1700- 2300 
Jan .- Feb_ _ _ _ __ ________ _ _ __ _____ 1700- 2300 
Nov.- Dec __ __________________ __ 1600 
J an.- Fek _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1600 

Nov.- D ec _ _ _ ____ __ _ ____ _ ____ __ _ 1600- 2300 
Jan.- Fcb_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1600- 2300 

N ov.- Dec _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1600- 2300 
Jan.- Feb_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1600- 2300 
N ov.- Dec _ _ _ __ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ 1800- 2000 

N ov.- D ec_ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ 1400- 2300 
J an.- Feb _ __ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1400- 2300 

Nov.- D ec _ _ ____ _ _ _______ _ ___ ___ 1500- 2300 
Jan.- Feb_ _ _ _ __ _ _ _ __ _ _ _ __ _ _ __ _ _ _ 1500- 2300 

Nov.- D ec ______________________ 0000- 2300 
J an.- Feb _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0000- 2300 
N ov.- D ec_ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ 1700- 2300 

Nov.- Dec _____________ . _____ ___ 1500- 2300 
Jan.- F eb_ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1500- 2300 

N ov.- D ec_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1500- 2300 
J an.- Feb _______ __ ______________ I 1500- 2300 

analyses have been concerned with foF2 variations. 
Martyn [1947 , 1948] and Brown [1956] showed that 
at two stations near the magnetic equator (Huancayo 
and lbadan) there was a considerable luni-solar effect. 
This was particularly noticeable at Huancayo where 
the lunar tide in h' F2 or hmaxF2 was considerably 
greater in amplitude in the afternoon and early even
ing hours than at other times. Solar effects on the 



pbase of the tides were also found. It was therefore 
considered necessary to carry out lunar analyses for 
a number of separate solar hours for the various sta
tions, in order not to "smear out" ftny such luni-solar 
effect. The anomalous tmnsequatorial propftgation 
referred to above occurs almost ent irely within the 
local Brisbane times of 1500 Lo 2300 hours; this then 
dictated the local times of i nLerest in the analysis to 
be undertaken for each station. 

Although there is a great paucity of suitable 
ionospheric stations in the Pacific area, Thomas and 
McInnes [1964] have shown that it is still possible to 
obtain reasonably correct information about the 
state of the ionosphere in this region by projecting 
data along either the lines of geomagnetic latitude or 
the lines of constant magnetic dip. Thus, for ex
ample, the measured value of h' F' for Talara (Dip 
+ l3 0 ) at 2000 hours on a given day is assumed to be 
repeated at all points having the same clip value at 
the local time of 2000 hours for the point in question. 
It is necessary to determine the time difference 
between Brisbane local time and the local time at the 
intersection of each particular great circle path with 
the line of constant dip passing through the station 
being analysed. For this pW'pose charts similar to 
figures 1 and 2 have been prepared. Fig ure 1 
enables the range (in a given direction from Bris
bane) to n,ny par ticular dip line to be determin ed, 
while figme 2 uses the range so determined to indicate 
the time ad vance (or delay) of the location ,.vitll 
respect to Brisbane time. Thus a great circle path 
from Brisbane along a bearin g of 50° (magnetic) will 
intersect the + 13 ° dip line (corresponding to Talara 
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data) at a range of 6600 km; if the local time at 
Brisbane is 17 hours, then the local time at the point 
of intersection will be 17 + 3.3 = 20.3 hours (fig. 2) . 
The majority of local times analysed for the various 
stations were determined in this way for great circle 
path propagation to the northeast of Brisbane in the 
afternoon- this being the direction in which the 
anomalous propagation mode is most commonly 
observed. The time interval has been extended for 
some stations of particular interest, e.g., Huancayo. 

For most stations the analysis has been confined 
to the months of southern summer (November to 
February), for 2 or 3 years, but again this period 
has been extended for certain stations, e.g., Towns
ville, Lwiro, and Huancayo. 

3. Tidal Analysis and Significance Testing 

In a period of 29.53 solar days (one lunar month) , 
at anyone meridian and local solar time, the moon 
will pass through all possible phases . For each 
station and solar hour Lhe mean value or 10' F' over 
each lunar monLh (act ually 30 clays) was subtracted 
from each hourly value, and the resulting daily 
departures arranged according to the age of the 
moon [Chapman and Bartels, 1940] . T he mean 
variations over the period of anal.vsis were t hen sub
jected to harmonic anal.\'sis in order to determine the 
semi-diurnal component of the lunar tide (24 lunar 
hOUTS being equi\Talent to 29.5 sobr days for the 
purposes of tidal analysis) . 
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FIGU RE 1. Range--azi lnuth plots of magnetic i soclines as seen FIGU RE 2. Time di:O'erences for points at varying mnge and 
Fom BI·isbane. azimuthal bem·ing. Fain Brisbane. 
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Th e necessity for dividing the data in to slTlall 
groups for each solar hour and season leads of 
course t o a considerable increase in probable error , 
and an attempt has been made to determine whether 
the lun ar semi-diurnal tides extracted were signifi
can t or no t. This was don e, following ' iVard [1 960] 
and Blackm an and Tukey [1958], by computing the 
autocorrelation functions and power spectr a of the 
dat~l for a Humber of different locations and local 
solar times. Such an analysis gives an estim ate of 
the strength of oscillations occuring in the data as a 
fu nction of the frequency of oscillation, but gives no 
information regarding t he relative phases of the 
component flu ctu a tions. Limitations of sample size 2 

mean that information is ob tainable only at discr ete 
in tervals of frequency (or period) and a simple 
smoothing process, e.g., "hanning" [Blaclunan and 
Tukey, 1958], is often applied to the computed 
spectral estimates. On the assumption th at sharp 
" lines" will not exist in t he spectrum of the geo
physical data analysed, a CUl"Ye through such 
smoothed spectral estimates gives a first approxima
tion to the oscillation strengths at p eriods between 
those actually computed . 

In figures 3 to 6 are shown examples from two 
r epresen tati ve groups of smoothed sp ectral estimates 
(UIl ) dm'i ved by the methods discussed by Blackman 
and Tukey [1958] . 

The first group (figs. 3 and 4) shows cases in whieh 
the preyiously deriyed lunar semi-diurn al tid e is 
large. For cer tain solar tim es this is in fac t tIl e domi
n ant periodicity present in the da ta . It must be 
rem embered, however , that the oscillatory ampli tude 
is the sq uare root of the spectral power , so that in 
fi gure 3 for example, the 15 km ("'" , '240) oscillation 
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FIGUR E 3. Spectral estimates (U,,) ofh'F values . 
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70 

2 Because of the li li litation of sample size, the largest run of dail y val ues (foJ' 
an yone hour) used was normally only 120 days (fo u r consecu tive months). 
l-I owever, by combi njng data for several hours with closely similar tidal ampli
tu des and phases (e .g., 20, 21, 22 hours at I-Iuancayo), it was sometimes possible 
to get effective runs of several hu ndred, and pOWO I' spectra t runcation lengths of 
e ither 60 or 100 days 'vere used. Spectral " line powers" were available at periods 
given by 

p . 1 C 1 ) 2XTruncation length (days) 
. cno( III cays Frcq ucncy h ' 

where h takes up integral values from zero to the num ber of sampling intervals 
in the t runcation length. Estimates are not shown here for periods of less t han 3 
days. 
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with period 15 days is accompanied by a 13 km 
oscillation wi th period 10 days, as well as other 
smaller oscilla tions at higher frequencies. Probably 
the most outstanding featm e common to the spectra 
of this group is the large amount of irregularity 
shown ; this is par tly associated with the sm all sam
ple size used in the analysis. The absence of any 
consisten t 27 -day periodicity is also no tewor thy. 
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The second group (figs . 5 and 6) contfl,ins examples 
of low spectral powers of lunar semi-diurnal period. 
There is generally much less irreg ularity ill tJ I is group 
of spectra although the sample sizes are similar to 
those of the first group of hI F dH, t~t . TJlC cause of 
this difference probably lies in th e LtCt that at the 
solar hours analysed in the first group, the ionosphere 
is very high and is rapidly changing in height, 
whereas the data used in the second group refer to 
solar times and localities at which this is not so. 

Reasonfl,ble reliance may be placed on fl,ny lun fl,r 
semi-diurnal tidal amplitude (and phase), only when 
the power pectrum for the corresponding data 
shows fl, reasonable peak (at period about 15 days) 
well ele\'ated above the fluctuations due to the 
smallness of sample size. Thus the tides determined 
for the t im es fl,nd places of the first group mfl,y be 
regarded ~ts being indica ti ve of the presence of tru e 
semi-diurnal tides, al though one might expect a 
ffl,irly large probable error in the derived ampl itudes 
and phases (e. g., 25 % in amplitude) . 

Conversely, any tides deri\ 'ed for the times fl,ncl 
locations of t he second group mu st be \'iewed with 
suspicion. It should be stfl,ted t hat t he lun ar nlria
bOllS in starting time of obsen 'ed anomalo us trans
equatorial echoes fall into this group. TlIC Sfl,m e is 
true also of lhe total d urn, Lion and eJIC s trength of 
t he fl, noJl1alous TE echoes; Lhe Lidal effects first 
noted were ILpparen tly en tirely fortuitou s. In Jllfl,ny 
cases of the hI F analyses, e"en wh en the spectral 
analysis indicated considerable doubt as to the va
lidity of a gi\'en derived tide for It cel'tnin sola]' hour 
and loeation , i t was often .found tha t the amplitude 
and phase of the derived semi-diurnal tide showed 
quite smooth variations from one solar hom to the 
next. This preswllably com es about because of tJle 
serial nat UI'e of the datIL used, and would prohfl,bly 
arise in the Fomi er analysis for other frequ encies as 
well as that associated with lun ar tides. . 

The geneml res ult appefl,fS t hat in n, lUlli-soLtr 
lLllfl,lysis of t he type attempted here, t he only hI It' 
tides tha t can be considered li S d efinitely establisll ed 
are those in the immediate yieinity of tbe l1mgnetie 
equator at solm' times from 1900 hI' to 2300 hr. 
Fortunately the comp uted tides are large only for 
those stations where they are considered to be well 
established , and the (magnetie) equatorial tides in 
fact dominate the scene so that the doubtful small 
amplitude tides do not materially effect the analysis 
presented below. 

4 , Analysis of Computed Semi-Diurnal Tides 

For the local solar times of ]400 h[' to 2300 hI' the 
ampli tude (P 2) and phase (t2 ) of the lunar semi
diurnal tides, computed for the months of southern 
solstice (generally oyer 2, 3, 01' more years) , are 
shown in a,scendin g order or d ip ntlues in figure 7. 
Values of P 2 greater thfl,n 7km occur only for the 
five stations witlt d ip angle less than 130 , and then 
only for a few hours grouped about 2000 or 2200 hr. 
The four stations of th e American chfl, in (Huancayo, 
Chimbote, Chiclayo and Talara), show great simi-
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laxity in both ampli tude fl,nd phase variations, but 
Lhe Djibouti data lead to somewhat smaller ampli
tudes , and a phase value of 10 hI' rather than the 12: 
hI' val ue shown at the Americfl,n stations . 

The magnitude and sense of the tidal displacement 
may be determined from the information given in 
figure 7 for each solar hour at eaeh station for vario us 
phases of the moon. The results of such computa
tions are shown in figure 8 for two different phases of 
the moon, viz, the moon 0 days and 4 days old. 
Because of the semi-diurnal nature of the oseillation 
t he same two pietures will result approximately 15 
days later, i.e. , when the moon is aged 15 and 19 
days respectively. Also, when the moon is aged 7 
(and 22) days, the displacement will be the reverse 

LOCAL TIME 

,~ 1 __ ',:...6 _--='-;:-8_--=2:rO_....:2 ~4 16 18 20 22 00 
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FIGURE 7. Solar e:O'ects on the cOlI/puted values of P z and., 
luna?' tides in h/F. 

Stations arc arranged in order or increasi ng di p angle. 
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FIGU RE 8. Luna?" semi·diurnal h'F tidal displacements 
Jor Jow' phases oj the moon . 

of that shown for age 0 days, and that for 11 (and 26) 
days will be the re\Terse of that shown for age 4 days . 

By utilizing the data of figure 8, and the projection 
and timing methods outlined in section 2, it is pos
sible to determine the tidal displacement (for a gi ven 
phase of the moon) at various points along great
circle propagation paths from Brisbane. The values 
given in table 2 and plotted in figure 9 were derived in 
this way for propagation from Brisbane along a 
bearing of 70 0 (magnetic) at 1700 hI' during the south
ern solstice. The points plotted as open circles in 
figure 9 are derived on the assumption that the tides 
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FIGU RE 9, Tidal dis placements oj h 'F computed for fow' 
phases of the moon for a great cil'cle pl'opagation path leaving 
Brisbane on a bearing 700 Magnetic at 1700 hours in southern 
solstice. 

have equal amplitudes and phases (at a given solar 
time) at points having the same magnitude of dip 
angle, irrespecti ve of the sense of dip . These points 
fit reasonably well with the trends established by the 
solid points; more such points are not shown either 
because the range involved is too great (well beyond 
10,000 km) or because tides have not been determined 
for the local solar times in question. 

As might have been expected from the curves of 
figure 8, no significant tidal effect is found at t imes of 
new and full moon (and consequently also, none at 
times of first and last quarter when all semi-
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T A BLE 2. Tidal ampli tudes along a great circle path fro ll/ 
Brisbane on a bearing of 70° M at 1700 hours in sOll them 
solstice 

Station 

B risbanc _________ ___ 
'l 'ana ll ar i \'c: __ ____ ____ 
Townsvillc ________ __ 
Rar otonga ___________ 
T ah it i ___________ ___ 

Buc nos Ai res __ _____ _ 
Lwiro ___ ____________ 
Sao P aulo ___________ 
H ua ncayo ___________ 
Chil1l bote' ___________ 

Dj ibou t i ___ _________ 
Chiclayo ____ ________ 
l 'alara. __ ____________ 
D a kaL ___ _______ ___ 
Baguio __ ____________ 

Ok i nmn, ____________ 
Panama __ ___________ 
Nlaui _______________ 
Puerto Rico _________ 

- Hu a ncayo _________ 
- Chim botc _________ 
- D jibou ti ___ ______ _ 
- Chiclayo __________ 
- Talara ____ -------

R a nge 
to ink/"
ccption 

wi t h 'Local 
li nC's tinw 

of co n-
st a nt 
clip 

km 
0 1700 

500 1720 
1600 1800 
3300 1900 
4200 ]940 

4200 ]940 
4400 ] 950 
5400 2020 
7700 2130 
8200 2145 

8200 2] -15 
R700 2200 
()200 2220 
9.500 2230 
9800 2240 

] 1700 2340 
] IDOO 234.5 
12200 2:3.')0 
14 100 0020 

7300 2J20 
6900 2100 
6900 2100 
6.500 2045 
6300 2040 

Am pJi-
All1p li- tud e 
tucl e at when 

new m oon 
moon 4 days 

old 

km km 
+ 3 0 

-1.5 + 1 
+ 1 - 1 
+ 1 0 
- 2 + 3 

+ .5 - 1 
--4 0 
-3 - 5 
+ 2 -20 
+ 4 - J6 

+ 8 -2 
+ .5 - l D 
+ :3 - 7 
- :~ +> 
+ 1 0 

+ 1 + 2 

+ J -20 
+ Fi - 2·1 
+-'i - 6 
-2 - 18 
- 5 - J3 

diurnal dis placcmcnLs are rc,'crsed in scnsc frolll 
t hose obscrvcd itt new and full moon) . 

Howe,'er, a.t t im cs w hcn t hc moon is waxing cres
cent a.nd wH.ning gibbous (4 and 19 days old), a 
20-km depression must cxis t in t he height profile, 
with maximum depression occurring about 7500 kill 
from Brisbane for the itbove path. An equal ele
" ittion will occur when the moon is waxing gibbous 
and waning crescent (11 and 26 days old) . This will 
be true in general for all pr01Jagation paths across the 
magnetic equator- the height profiles will be elevated 
in the yicinity of the magnetic equator by up to 20 
kill at local times nem' 2100 hours (for the equatorial 
in terscction), when the moon is approximately 11 or 
26 days old, and depressed by the sam e amoun t when 
t he m oon is 4 or 19 days old. 

Dy combining such deri,"ed t id rtl data wit ll the 
llleitH Ii' F profile for any month , t he two extrcme 
profiles m ay be obtained . Two exttm ples ,H C gi '"en 
in figure 10 for paths leaving Brisbitlle n,t 70° (m ag
netic) b erLring in Janua,ry ] 96 ] n,L t im os or 1700 hours 
and 1500 hours r espectively. It might be expected 
that such large d istor t ions in t he undcrside of the 
r eflecting ionosphere would sc\' erely modify t hc 
propagation m odes supported by t he ionosphere. 
This Su})position has been examin ed for 16 ;'iIc/s 
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FIG U RE 10. T ypical extrell/e h /F profiles for great circle pro
pagation paths leavinr! Brisbane on a 70° jl,I agnetic bearing 
at 1700 hours and 1500 ho urs in J anuwy 1961. 
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FIG UR E 11. Mo de-angle plots .for 16 NIels propagati on .from 
B risbane in the specified direction at the times stated, showing 
the expected extl'eme changes due to semi-diurnal tides in h /F. 

Full lines correspo nd to the moon flgccl 4 or 19 days, and dashed lines to the 1110011 
aged 11. or 26 days. 

signals b y computing mode-angle diagmJlls [R ift, 
1960] for several such profiles, utilizing the m ethods 
outlined by Thomas and ,McInnes, and assuming no 
t idal vitriatio ns of foF 2 • Figures ll , 12, and 13 give 
t he results of three such analyses, wherc the solid 
lines refer to the situation when t he m oon is 4 or 19 
days old , and the dashed lines, II or 26 days old, 
While t here are certain differences, par t icularly in 
the higlter order lllodes, t hesc differences are not 
striking. It is therefore not so surprising that t he 
obser vation of anom alous t ilt-supported tmnsequa
torial propagittion modes did not show any significant 
lunar t idal effects (see sec. 3). 
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F I GUHE 12. .Mode-angle plots .for 16 NIels p"opagation .from 
Brisbane in the specified d'i"eetion at the times stated, showing 
the expected extreme changes due to semi-di1lrnal ti des in h/F. 

}i' ull lines correspond to the moon aged 4 or 19 clays, ancl dashed lines to the 
moon agecl II or 26 clays. 
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FJG U HE 13, .lI10de-angle plots for 16 Mcls propagation from 
Brisbane in the specified direction at the times stated, showing 
the expected extreme changes due to semi-di1l1'nal tides in h 'F. 

l' ull lines correspond to the moon agcd 4 or 19 clays, and dashcel lincs to the 
moon aged 11 or 26 days. 

5. Temporal Variations of Lunar Tides 

As was mentioned in section 2, for certain stations, 
h' F data was analysed for rather longer periods than 
most. The main features of these analyses are pre
sented in figures 14 and 15. 

Huancayo data analysed for three consecutive 
years (1957- 9) for all solar hours during southern 
and northern solstices gave values of P2 and t2 as 
shown in figure 14. (The "summer" of the diagram 
refers to southern solstice. ) A small seasonal effect 
is observable. The Panama data is for 1 year only 
and is of borderline significance. The Lwiro data, 
on the other hand, represents an average over 6 
years for the solar hours in question, and the close 
similarity of summer and winter trends is noteworthy, 
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HU Ar:c:.yo, SU MMER 

FIGUHE 14. Diurnal and seasonal variations in val1les oj 
P 2 and t2 for lunar tides in h/F at the stations specified. 

(Summcr reicrs to soutbcrn solstice) . 
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FIGURE 15. Diurnal plots of P 2 and t2 f or Ihwncayo southern 
solstice values oj h ' F, showing the considerable degree oj con
sistency fr om yew' to year . 

Figure 15 indicates for Huancayo so uthern solstice 
data, the close similarity in tidal amplit ude and 
phase from year to year. (Tlu .. ee-hourly means have 
been plotted. ) A more detailed analysis of the 
Huancayo and Lwiro tides determined over a reason
ably large range of valu es of sunspot number, shows 
there is no significant change in the t idal amplitudes 
as a function of sunspot number. Such a change 
might possibly have arisen at Huancayo where it is 
probable that the (2000 hr ) semi-thickness of the 
F layer yaries considerably with sunspot number. 

6. Conclusions 

Although the original reason for investigating the 
effect of lunar tides on trfLl1sequ fLtorial propfLgfLtioll 
eventually pro ved to be trivial , it has b een demon
strat ed that in the vicinity of the l11 fLg netic equfLtor , 
large fLmplitude displacements of the virt ual height 
of the F region will occm at definite phases of t he 

moo n, superimposed on the large height variations 
occ urrin g fr om. 1900 to 2300 hr local time. No 
significant lunar variation was found for h' F values 
at stations wit h magnetic dip values greater than 20° 
in magnit ude, nor for the equatorial stations outside 
the solar hours gi I'en above. This lack of significance 
may in part be due to data t runcation. 

This work, forming pfLrt of the general ionospheric 
research program of the R adio R esearch Board of 
Austr fLlia , was commenced in Brisbane and com
pleted in M elbomne. The facilities of both the 
University of Queensland and the Uniyersity of 
M elbomne Ita ve been Jll ftde freely available fLnd fLre 
greatly apprecifLted. 

Particularly t lt fL nks fLrc due to Professor H . C. 
Webster , M1". M . J. Burke and t he U uil'ersity of 
Queensland COIllPuting Cent re for thei r help a nd 
enco uragm nent, to 1I[rs. D. Nei lso n for her assistance 
in data CO III piln,t ioll , to Mr. B. A. M clnn es for his 
assistance in ~Ulalysing t he various propagttt ion 
modes , a ncl11r. P. Baker for c~tlTyin g out t he sunspot 
cycle n,nalysis. 
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