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A laro'e amount of exper imental evidence is now 
availabl~ on both the field strength and phase or VLF 
waves which h ave t raveled over a wide v ariety of 
paths. Much effor t h as been made to sift thi.s in
formation to reveal the unusual effects due to lOno
sphere distUl'ba nces of one sor:t. or another. The 
bulk of the da t a , however , exhIbIts the remarka,ble 
stability of both the ph ase and amplitude of V~F 
siO'nals from day to day, and i t is these records Wh ICh 
ar~ examined in this paper . Sin ce the phase of the 
sio'nal is the ch aracteristic which can be exploited 
m~st for practical application , particularly navi~a
t ion systems, this paper is primarily concerned wIth 
t he diurnal variation of phase. . 

It has been sh o·wn [Blackband, 1961] that for SIg
nals propagated over d istances gre~ter t han ~~out 
4 000 km the difference in phase from con ch tlOns 
'~hen the ~Thole path is in dayligh t is linen:rly dep?nd
en t on dist ance . This is in agreemen t wIth the Idea 
of a single waveguide mode wh.ose velocity clepends 
on the heio·ht of ionosphere whJCh assum es one con
stant valu~ throughout t he day and another through-
oo t ~n~t. . . 

For conditions when the path IS part lIght and part 
dark, a sirnple model is to assume a step in the iono
sphere 1.1eight at the points of da~Vll .anc~ dusk: alon g 
the path and t~a t the ~hase velOCIty I~ dlscOl?-tmuous 
across these pomts h avmg a value VI m the lIght and 
a value V2 in the dark: (velocity in km/ sec). Such a 
model is ShovVll in this paper to give a remarkably 
good fit t o th e experimental data on the longer 
distance paths. 

For such a model, the phase clelay, 7iJ. secs over a 
distance of D km when a proportion up" of the path is 
in darkness can be shown to be given by 

(1) 

where 70=12 is the phase delay when all the path is 
VI 
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in ligh t . /:,,7 = D ( 1~2 - ~) is the cha nge in delay 

when the whole path goes in to darkness. 
It is assumed that in (1) Lhe only parameter de

pendin g on th e Lime of clay is lip" .c::n be calculat ed 
from the O'eomeLry of reCeiver po It lOn , tmnSJl1 It ter 
posi t ion a~ld the direction of the sun , the shfl)Je of 
the cliUl'nal v aria tion curve ean be rca.chly ob tall1ed. 

The simples t results to in LerpreL are ~hose obtained 
from paths which do no t cro s the ArctIC or An t flrcL,rc 
circle. At OD e tim e of th e dn y, these pa ths nre ]Jl 

lio']) t while at nnother t ime they nre in darkn ess so 
tl~at' the diurnal variation follo ws the well-known 
trapezoidal form. The d~pth of the tr fLpezium is a 
meas ure of /:"7 the t otal churl1 fll ch ange. 

The path from Rugby, England (9-BR 16 kc/s) , 
to Sin gapore is mainly over land and lS abou t 11 ,000 
km. Values of /:" 7 for each day for one year show a 
season nl trend which is almost concealed by a day
to-day random variation of about 10 ;pe:'cen t of the 
mean value. Other records show a sll1lllar random 
variation . This could be an instrumen tal error due 
to the instability of either the tr ansmi tted frequenc? 
or the referen ce frequen cy used on the ground ~n0.nI
tor for it corresponds approximately t o a varra t IOn 
in t he 24-hr m ean frequen ey or 1 part in 10- 10 per 
day. . 

P aths which cross th e polar regIOns are somewhat 
more difficult to interpret since the path does not 
generally ~han ge Jr~m being in ,comple te ~ ar:lmess to 
complete lIght Wlthm 24 hr. ~?e tra!lsmlsslOn path 
of signals from N P1'I H a wall r eceIved ~t. F arn
borough , England (11 ,600 km), ,Passes w1th 1~ the 
Arctic Circle and the phase vanatl~m of these slgn.als 
can only be in terpreted by calculatmg ~he pro~ortlOl~ 
of the path in darkness for the par tIcular tlllle of 
year a t which the records are .0b tl1.l ned . It h fls bee!1 
fou nd th at (1) fi ts the expenmen tnJ resu lt~ ~est 1f 
the calculation of lip" is made so that th e pos1.tlOns of 
dawn and dusk along the path occur at an al t1tude of 
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Diurnal phase changes of GBR received at Singa
P OT( , 10900 km. 

60 km/s above the ozonosphere. The calculated 
CUl'ves fit the experimental curves to within a few 
microseconds but the estimates of /:::"7 obtained ex
hibit the same day-to-day fluctuations as have been 
obtained on nonpolar paths. 

Average values of /:::"7 over a week or so, when di-

vided by the path length, gives estimates of ( ~l - ~) 
which depends on freq ucncy. These results are in 
general agreement with mode theory calcula tions 
[Wait, 1962]. 
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FIGU RE 2. Analysis of mean curve for 22d to 3 1st December 
1962 for path NPN[ Ha waii to Rae Farnborough. 

Length of path 11600 km. 
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