
JOURNAL OF RESEARCH of the National Bureau of Standards-D, Radio Propagation 
Vol. 67D, No, 2, March- April 1963 

Sunset and Sunrise in the Ionosphere: 
Effects on the Propagation of Longwaves 

Jean Rieker 

Contribution from the Swiss Meteorological Office, Zurich (Switzerland) 

(Rcceived January 11, 1962; rcviscd OctObCl' 2, H)62) 

The purpose of this study, which is bascd on pho tograph ic rccordings s ho\\ ing t hc 
phasc shift of two sign als- i ,e" GB B. transmittcd from Rugby (Ellgland) on 16 kilocycles 
p CI' second and ~BA transmi ttcd fron, Balboa ( Panama) on 18 ki loeyclcs p c r scco nd , both 
recei\'cd at the Ncuchatel Cantonal Observatory ( ~cuchatel , S \Titzcrl a nd), is t \\'ofo ld: 

(1) To investigatc t he mod e of propagation of t he GBll and KBA s ignals, 
(2) To study t hc relation between thc t imc of s unrisc, I'cspectivcly s unset at va rious 

ionosphcric re flcction points a nd the times at which p llasc flu ctuations appeal' on thc re
cordings, The author thc n gcneralizes the notion of thc times of sunrise, ]'('spectively 
s unsct by int roducing thc closc ly rclated co ncept of t hc zc ni thal d istance Z of the StIll at 
the r efl ec tion pOin ts considered , Fol low ing rcsults published ill li tc rat ure , rc fl cct io n p oint 
a,lli t ud cs wcrc ass umed to be abo ut 70 k ilomclc rs c1urin g the clay, llesults \\'c r(' s li ch that : 

(a) For thc C RR sig nal ; on ly a one-hop mocle is ava ilable, night re fl ec tion a lti tudcs 
vary ing bctwcen 88 and 91 kilomcters on ind ividu a l reco rdings, ang les of incid(' ncc '" on 
the g l'o u nd bctwcc n 7°36' a nd 10°25' , 

(b) For thc NBA s ignal ; a fivc-hop mode is ava il a ble, night rdlcction altitudes varyi ng 
betwee n 80 a nd 84 kilomctcrs on individualrcco rdings, a ng les of in cid('n ce '" On (he ground 
be twccn 0°27' and 1°14' , 

(c) AL sunrise, J'cs pect i\'cly, sunse t, comput ed z0 ni t llf, 1 distances [01 ' one and ( Iw saJ nc 
rdlec( ion poin t aL times idc nLi cal \\'i th sing ularilics app('ari ng on s ucCeSSiH) reco rdings 
S]lO\\- a, s tr iking analogy , 

(d) Dliring one a nd the sa mc s unrisc or sunsct, t hc zc nit hal distances computcd S II C

c('ssive ly fo r var ious rcflect ion poin ts and related to s ingu larities rcad 0 11 a samc rcco rding 
prescnt also a strik ing a nalogy, 

(e) Th e time of onset of ioni zing radiation at all nighL rdlection poin ts sl'cms to be 
of major impol' tance for both the propagations of t hc GB Il a, nd KBA signa ls, J)ur ing 
s unsl'l, thl' altiLucle of thc day re fl ection point whi ch was stabili zed at a round 70 kilomctcrs 
increases us soon as the zenith al distance of the s un cxcecds 90° , At sunr isl', on t he other 
h a nd , th e altitude of the rc fl cction point stabi lizes at a round 70 kilomete rs, wh en t he ze nith
a] dis tances of the sun reach 01' go bclow 90°, 

(f) In thc case of t he NBA s ignal a ph ase fluctuation a lready Occurs at a zcni t ha l 
distance of a bou t ]03°, especially at sunrise, At that moment, th c distance bet wce n tllC' 
rcf1ection point and t hc layer formed by the ioni zing radiations of thc s un is a bou t 100 
Id lomeLel's , 

(g) At sunrisc, thc curves showing the c nc rgy of Lhc received s ig nals disp la,v t he [0]]0\\-

ing features: 
For a onc-hop mode (Rugby), a momentary strong absorpt ion \\-hen the rc flect ion point 

altitud c reaches 82 kilomcters; in the case of several ionospheric re flect ions (Ba lboa), a 
succession of a bsorptio n lin es CO I'l'cspo)lding to thc s Llcccss ive dim inis hing o f t he a lt itude 
of thc ionospheric r efiection points , 

(h) At sunset , t he interpretation of the energy is more delicate: 
For a one-hop modc (Rugby), a momentary in cl'ea,c occurs in the cne rgy of the sig na l 

befo re the night level of reflection is reached ; in the case of a five-hop mode (Balboa), t hc 
interpretation of the absorption curve is difficu lt because five ionosphe l'ic re fl ect ion po ints 
change their a ltitude and th e rcsul t ing phase flu ctuations become c nt a ngled , 

I, Introduction 

A silllple geometrical model explaining the transi
tiOl1 from night-to-d ay propagn,tion resul ted from 
a previous experimental study [Rieker , 1960], The 
model assumed longwave propagation in successive 
hops in tbe waveguide formed by the earth and the 
lower edge of the ionosph eric layer, Implicit in this 
was the assumption that the a ngles of incidence on 
the ground aTe constant for n, definite wavepath, 

Atmospherics emanating from the same az imuth 
had been picked up on the loop aer ial of a nn,rrow
sector direction finder pointed toward the source; 
these receptions were ann,lyzed from recordings, 

This study confirmed a view previously held, that 
reflection-point al titudes are higher at night than 
during daylight hours, Moreover, it became possible 
to distinguish mL\':ed propagation paths from all
night propagation or all-day propn,gation, It was 
n,lso found that angles of incidence on the ground are 
very small, varying between 0 and 2 to 3°, 
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In the meantime, theoretical studies, especially 
'Vait's fundamental "Diffraction Theory for LF 
Skywave Propagation" [Wait, 1961; Wait and 
Conda, 1961], indicate that the angles of incidence 
on the ground should be in excess of about 5° for a 
27 kc/s w:we frequency if geometrical optics are 
strictly valid. D espite violations of this condition, 
geometrical optical arguments are often used. From 
a qualitative viewpoint, the final conclusion should 
be valid. For a more refined treatment, rigorous 
mode theory should be used [Wait, 1962]. For 
example, it was found in the study mentioned above 
[Rieker, 1960] that 27 kc/s waves emanating from 

distant thunderstorms (sferics) are received at angles 
of incidence on the ground less than 2 or 3°, the mode 
of propagation being the simplest possible, as pre
viously suggested by Wait [1959]. 

Obviously, the method used in investigating dis
tant thunderstorm emissions cannot be applied 
at sunsct. Narrow-sector direction finder recordings 
[Rieker, 1960, (figs . 1 and 2)] show that these sources, 
when recorded at night, usually cannot be located 
during daytim.e, at least as far as more distant thun
derstorms are concerned. This results in major 
difficulties when an attempt is made during the day 
to determine the azimuth of areas of thundery 
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FIGURE 1. A diagl'am of the photographic method used at the 
obsel'vatory of NeucMtel for the registration of the phase fluc
tuations of the GBR signal (Rugby) and NBA signal (Balboa). 

Accuracy of the atomic clock: 1 part in 1011. Frequency difference between 
oscill ator in Balboa and atomic clock in NeuchateJ always smaller than 2 parts 
in 1010 (Le ., 17 "sec per 24 hrl . 

F c B A )Jsec 

IO.9.60.-Sunset: Neuchatel- Rugby 

FIGURE 2. Phase fluctuations of the GBR signal at sunset on the S ept. 10, 1960. 
Discontinuities A, B, C, F, and G are recorded in table 12. 
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activity to be recorded the followin g night. Further
more, it is impossible to check selected azimuths 
without operating a narrow-sec tor direction finder 
under normal conditions. 

Here we propose to reinvesLigate the problem of 
longwave propagation by another method: the 
analysis of phase fiuctuaLion s of a signal (Rugby 
GBR or alternatively Balboa NBA) with respect to 
a local frequency standard (atomic clock at N eu
chatel). 

Scrutiny of recordings kindly supplied by Dr. J. 
Bonanomi, Director of N euchatel Observatory, re
vealed the possibility of some conclusions about 
longwave propagation at sunrise and sunset. 

2. Instrumentation and Recording 

As a check against the frequency of the N eu
chatel standard (atomic) clock, the N euchatel Ob
servatory (47°00'- 06°57'E) receives signals from 
Station GBR, Rugby, England (52°22' N- Ol °11' W) 
and Station NBA, Balboa, Panama (09°03'N-
79 °39'W). These frequencies arc intercom pared 
(fig. 1) by means of a filmed record of the oscilloscope 
trace, which is triggered by the N euchatel reference 
signal. 

The cathode tube screen shows a fi'{ed sinusoid 
when the phase difference is constant. At sunrise 
and sunset, the length of the signal path is modified 

"' by the change in altitude of the ionospheric reflec
tions points. A phase lag at sunset is indicated by 
a shifting of the sinusoid, with an equal and opposite 
shift at sunrise. Filming of this sinusoid shift at 
two or three points (1, 2, 3) of identical ordinate 
c resul ts in nearly parallel traces, as shown in 
figure 1. 

Let T=~ be the period of the sinusoid, where 
v 

v is the frequency of the received wave, w= 27rV 
is the i!yratory frequency, and c is the distance from 
the slit to the abscissa. The following equation 
expresses the sinusoid on the oscilloscope screen: 

(1) 

where 

(fig. 1) (2) 

T' is expressed in microseconds and is related to the 
period by .the equation 

T= T' + T". 

The square of amplitude 

(3) 

reveals the behavior of the received wave energy. 
When 8 designates the total path traveled by the 

wave after completion of n successive hops, the 
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length difference 1:18 between the day a nd night 
paths is derived easily from the equation giving the 
phase: 

which can be written 

and finally 

(4) 

v being the velocity of propagation or the signal, 
i.e., 3. 105 km/sec = velocity of light. 

The accuracy of the atom ic clo ck is 1 part in 
lOll . The frequency difference between the oscil
lator in Balboa a nd the atomic clock in N euchatel 
never exceeds 2 parts in 1010 (i.e., 17 !.!sec pCI' 24 hr). 

Four recordings of the phase fiuctuaLions of the 
GBR signal (figs. 2, 3, 4, and 5), and five recordings 
of the phase shifts of the NBA signal (figs. 6, 7, 
8, 9, and 10) were studied. These recordings are 
among the first made at the Neuchatel Observatory 
during initial trials, which explains the two different 
scales used for time registration. 

11.9.60.-Sunr ise: Neuchal el - Ru gby 

FIGURE 3. Phase fluctuations of the GBR signal at sum'ise on 
the Sept. 11 , 1960. 

Discontinuitics I, K, L, and M are recorded in table 10. 

3 . Computation of the Length Difference 
AS (km) Between the Day and Night 
Paths 

3.1. Rugby 

For Rugby, the period of the sinusoidal wave is 

T = T' + T" = 62 ,5 !.!sec. 

The following values were obtained when comput
ing the differences t:;8= vtJ (4) between the fixed 
points A - G, figures 2 and 4, for sunset, and 1- M, 
figmes 3 and 5, for sunrise: 

Figme 2, sunset. 
Figure 4, sunset 
Figme 3, sunrise 
Figme 5, sunrise 

I:1tr= 31 ILsec, 
I:1tI = 28 !.!sec, 
I:1t I = 28 !.!sec, 
I:1tI = 26 !.!sec, 

t:;8= 9,3 kill 
1:18= 8,4 km 
1:18=8 4 km 
1:18= 7;8 1un . 
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FIGURE 4. Phase fluctuations of the GBR signal at sunset on 
the Jan . 24, 1961. 

Discontinuities A, B, F, and G are rccorded in tablc 12. Thc square of the 
ampl itude of tbe si;''ll al represented below has becn calculated frolll the time 
differcnce T', resp. T " in " sec, (sec also fi g. 1) . 
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FIGURE 5. Phase fluctuations of the GBR signal at 8nnrise on 
the J an. 25, 1961. 

Discontinuties I, K, and Mare recordcd in tahle 10. The sq nare of the am llli· 
tude of the signal represcnted be low has been calculated frolll the time eli ft'eren ce 
T'in "sec, (see also fig . 1). 

Computation ~ ofT th e path length differences as
sumes a signal propagation velocity equal to the 
velocity of light. 

3.2. Balboa 

For Balboa, the period of the sinusoidal wave IS 

T= T' + T" = 55,55 !J.sec. 

Since these recordings (figs. 7 and 9) were inter
rup ted before sunrise had occurred over the complete 
path Neuchatel-Balboa, they cannot be considered 
for the time being. The following values were 
obtained when computing the differences !18 = vtI (4) 
between the h\':ed points Al and F*s, figure 6, Bl 
and Fs, figure 8, a11d A*J [md Gs, respectively H I and 
P s, figure 10: 

Figure 6, sunset !1tI = 59 Msec, !18= 17,7 km 
Figure 8, sunset !1tI= 49 Msec, !18 = 14,7 km 
Figure 10, sunset + sunrise !1t/ = 71 !J.sec, !1S= 21,3 km . 

4. Determination of the Mode of Propaga
tion 

4 .1. Altitudes of the Day Reflection Layer 

In order to determine th e mode of propagation of 
the signal, the altitudes of either the day or night 
reflection points must be known. Since neith er can 
be found in this study, r eference was made to results 
of previous research foun d in literature indicating an 
al titude of day reflection layer of about 70 km 
[Budden, Ratcliffe, and Wilkes, 1939; Bracewell and 
Kruse, 1951; Nertney, 1953; Gregory, 1956; Revellio , 
1956; Wait, 1959]. 

This being assumed, nocturnal reflection altitude 
computations were based on the values of !1S 
deduced from the readings of !1tI on the recordings (4). 

4.2. Mode of the Rugby GBR Signal Propagation 

Table 1 provides !1S values as computed for a 
one-hop mode, fig ure 11 , and for a two-hop mode. 
For the particular case of only one ionospheric 
reflection two neighboring reflection altitudes were 
selected, H = 88 km and H = 90 km. 

T ABLE 1. N el!chiltel- R ugby 

(Geocentrical angle: ef~ 7°30') 

Angle of 
II Geocen- incidence s 8= 1;8 tlS 

tr ica! on the 
angle 0 ground '" 

- --- ------
km krn km km 

lIon- 70 3"4:.1' 7°36' 424,99 849,98 0 
spheri c -- ------
reflection 88 3°45' g057' 428,89 857, 79 7,81 

------
g{) 3°45' 10°13' 429,37 858, 74 8,76 

------

I 

2 Ion- 70 ] °52,5' 17°28' 220, 93 883,72 0 
spheric ------
rrflrctions 90 1°52,5' :22°12' 228, 33 913, 32 29,60 

1-
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7.9.60.-Sunset : NeuchiHel- Balboa 

FIGURE 6. Phase fluctuations of the N B A signal at sunset on the Sept. 7, 1960. 
Discontinu ities are recorded in table 16. 
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U.T. Sh 7h 

B.9.60.- Sunrise : Neuchatel- Balboa 

FIGURE 7. Phase fluct1iations of the NBA signal at sunrise 
on the S ept . 8, 1960. 

Discontin uities arC recorded in t able 14. The sUJwisc-c fTcct continno.;;; after the 
interruption of tbe record a t 9 U'l \ 

C1 

U.l 23h 22h 
11.9.60.- Sunset : Neuchatel - Balboa 

B }Jsec 
1 

h 
19 

FIG U RE 8. Phase fluctuations of the NBA signal at sunset on the Sept . 11, 1960. 
Discontin u itics arc recorded in table 10. 

UJ. Sh 7 h 6h 

12.9.60.-Sunrise : Neuchatel- Balboa 

FIG lIRE 9.- Phase fluctuations of the NBA signal at sunrise on the Sept. 1 2, 1960. 
Discontinu ities are recordccl in table 14. 'I'lle sunrise-effect con tinues after tbe interruption of tbe record at 9 U'I' . 
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Neuchatel- Balboa 
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.. I I I I 1 I I I I I 1 I 1 1 1 1 I I I 1 

24h 23 h 22 h 21h 20h lSh l Sh 17h 

1.. = cos2 wT' 
A2 2 

FIG U RE lO.- Phase fl uctuations of the NBA signal at Slm set on the AP1'il 22, 1961 and at 
sunrise on the April 23, 1961 . 

Discontinui ties are recorded in table 16 and table 14. 'rhe inverse square of tbe am pli tude of tbe signal represen ted 
below bas been calculated from time differen ce 1" , resp. 1''' in ~sec , (see also fig . 1). 

It can be ascertained that if a one-hop mode 
occurs, the difference 6.8= 7,81 km, respectively 
8,76 km is comparable with the differences deduced 
from the recordings (see sec. 3.1) and are between 
7,8 km and 9,3 km. Angles of incidence <p on the 
ground meet Wait's requirement [Wait, 1961]. 

A two-hop mode would result in a difference in 
the path traveled by the signal about 3,5 times 
larger. This possibility can therefore be excluded 
as well as that one of two-hops during the day and 
one-hop during the night or inversely. 

Ultimately therefore, the mode of propagation 
of the GBR signal received at Neuchatel is also 
only a one-hop mode, night reflection altitude 
varying between 88 and 91 Iml for a day reflection 
altitude assumed to be at 70 km. 

4 .3. Mode of the Balboa NBA Signal Propagation 

a. Method 

The characteristic elements relating to the path 
N euchatel-Balboa are shown in table 2. These ele
ments were computed for 5, 6, and 7 hops and also 
to a certain extent for 8 hops. The altitude of the 
day reflection point was taken as 70 km while two 

night reflection altitudes- i.e., 90 and 84 Inn- were 
considered. The column headed " 5 ionospheric re-
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FIGURE 11. Model of the propagation between Rugby and 
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Neuchiltel in the case of a one-hop skywave (night propagation 
1, day propagation 2) . 



TABLE 2. NeucMtel- Balboa 

(Goooentrical angle: O{=SI °05') 

Night roliection H =90 km Night reflection H=84 km 
D ay re lleotion h = 70 km Day reflection h=70 km 

\0- --

! N o. Gcoccntrical angle GeocentricaJ angle 
(fig. Straigh t line equa- Angle Angle 
12) tion of inc i- of inci-

dence of the last den ce of the last 
on tho night rellee- s S=:l:s as on Lhe 11 ight rellee- s S=:l:s as 

ground t ion poi nt ground tion pOint 
1> 1> 

---- ------ ---- --- ------ ------
km km km km km km 

10 On=81 °05' 1 °36' 090= 8°06'30" () R'~ = g006'30" 911,65 9116,5 0 10j4' Os~=8°06/30" {) gf = 8°06'30" 910,66 9106,6 0 

- --- --------- ------
"' 070=7°16'30" Sl5,5 070= 7°30'30" 841,5 
" OHi=22°52'OO" o H~ =23°15'30" :3 1 2870+ 8011=810 05' 1°21' 090=so19'OO" 935,0 9111 6± 3 1°05' 08t=8°15/~O" 927,0 9099 S±3 

'" '" --- -------- ------
"" Ie 070= 7°28'151/ 837, 3 070= 7°39'30" S58, 0 

'" 2 4070+ GOfI=SI °05' 1°07' 090=8°32'OQ" {) K~ =38°25'00" 958, 5 9100 17±3 0°55' 084=8°211'30" 08~=39°02'30" 94-1,0 909S 9± 3 .;: 

'" ------ ------.g 
07o= 7°4L'OO'1 861, 0 870=7°'18'15" S74,5 ;g 

081=540 46'45// 

" 3 6070+ 40 fI = SI °05' 0°53' 0110= 8°44'45" 9S2, 0 9094 23± 3 0°46' 084=8°33'45" o K1=55~3/15" 961, 0 9090 17±3 
0 ..., ------ ------
'" 070= 7°53'30" 884, 0 070= 7°57'30" S91,5 

4 S07O+ 201/=81°05' 003S' 0110=8°58'30" o xt=72°0G'30" 1007,5 90S7 30± 3 0°35' 084=8°lj3'OO" o x~= 72°22'20" 97S, 0 9086 21±3 
-------------- --- --- --- ------

100" =81 °05' 0°27' 0 70 = 8°06'3Q1' 908,50 9085, 0 31,5 0°27' 010=8°06'30" 90S, 50 9085,0 21,6 
-- --- ------ ------

120u=SI °05' 3°25' 8I1fJ=6°45'25/1 8 st = 6°45'25" 761,53 913S, 4 0 2°58' 084= 6°45'25" o H~ = 6°45'25" 760,50 9126, 0 0 

------ ------
870=5°,1)3100/1 

OH~= 18°4~'OO" 
660,5 010=6°08'30" 

OR~= 1!) 009'45" 
6S9,5 

5 20;0+100 1I = SI °05' 3°10' 000= 6°56'00" 781,0 9129 9± 3 2°47' 084= 6°52" 15" 774,5 9125 1±3 

"' " --- ------ ------
:3 070= 6°03'15" 6S0,0 070=6°15'45" 703, 0 
'" o K~ = 32°03' IS" '" 6 40,,+ 801/ = SI °05' 2°54' 090= 7°06'30" o x~ = 31 °19'30" SOO, 5 9124 14± 3 2°36' OS4= 7°00'15" 788,5 9120 6±3 

'" Ie ------ ------
.~ 870= 6°13'20" 69 , 5 010= 6°22130" 715, 5 
.0 7 60,,+ 6OH=81 °05' 2°40' 000= 7°17'15" o Nt = 44°38'15" S20, 5 9115 23±3 2°26' 084= 7°08'15" OK:=45~3' 15" SO·I, O 911S S±3 
g- ------ ------
0 

" 870= 6°24'00" 718, 0 070= 6°30'00" 729,5 0 
H S 8070+ 4011=SI °05' 2°24' 890= 7°28'15" o x~ = 58°40'15" S41, O 910S 30±3 2°16' Ost= 7°16'15" OE~=59°16'15" SIS, 0 910S l S±3 
<0 

------ ------
8iO=6°34'45" 

o K~ = 73°26' 15/1 
73S,O Oio=6°37'45" 

o E~ = 73°40'45" 
743,5 

9 100,,+ 201/=SI °05' 2°02' 090= 7°38'45" S60,0 9100 3S±3 2°06' 084 = 7°23'45" 832,5 9100 26±3 

------ ------
12070 =SI°05' 1°57' 070=6°45'25" 75S, 27 9099,3 39, 1 1 °57' 070=6°45'25" 75S, 27 9099,2 26,S 

- - - ------ ------
1401/ = SI °05' 4°57' Opo=5°47'30" o sl = 5°47'30" 654,43 9162,0 0 4°31' Oij4=5°47'30" o HI = 5°47'30" 653, ,12 9147, 6 0 

------- ---------
070=5°00'45" 

8H~= 15°56'45" 
564,5 

10 2010+1201/ = SI °05' 4°41' 090=5°55'1.5" 669,0 9158 4± 3 
070=5°13'00" 

Os~ = 16°19' 15" 
5R6,0 

4°1S' 084=5°53'15" 664,5 9146 2±3 

------ ---------

"' 870=5°08'00" 57S, 0 070=5°18'45" 597,5 

" 11 40,,+1001I=81 °05' 4°27' 890= 6°03'15" o K1=26°35'15" 684,0 9153 9±3 4°07' 084=5°59'00" o E~ =27°14'00" 675,5 914.5 3±3 
0 

:g ------ ---------
'" '" Ojo=5°15'30" 591, 5 870=5°24'30" 60S, 5 
'" 88:=38°31'45" h 12 6070+ 80 II = 81 °05' 4°15' 090=6°11'30" 081=37°44'30" 699, 0 9141 2l±3 3°52' 884 = 6 °04'45" 6S6, 0 9139 9±3 
<> 
'5 ------ ------
.0 8iO = 5°22'45" 605, 0 870=5°30'00" 619, 5 g-
o 13 8070+ 60 FI=SI °05' 4°01' 090=6°20'30" o H~ = 4 9°22'30" 715,5 9133 29±3 3°48' 084 =6°11'00" OE~=50011 'OO" 696,5 9134 14±3 

" ~ - ------ ------
<- Oic=5°30'30" 619,5 070=5°35'45" 629,0 

14 100,,+ 40H=81 °05' 3°47' 000=6°30'00" OE~= 61 °35'00" 733,5 9129 33±3 3°3S' 084= 6°17'00" OK~=62°14'30" 70S, 5 9123 25±3 

------ ------
870=5°38'45" 634, .1 070= 5°41'30" 640,0 

15 12870+ 260=81°05' 3°33' 890= 6°40'00" OEI=74°2,5'OO" 75l,5 9117 45±3 3°29' 084=6°23'30" 08;=74°41'30" 720,0 9120 28±3 

--------- ------
14010 =SI°05' 3°19' 070=5°47'30" 651,06 9114, S 47,2 3°19' 070= 5°47'30" 651, 06 9114, S 32, S -- ------ ------

..... 160n=81 °05' 6OZS' 090=5°04'04" 8 H~ = ,5 °04'04" 574,38 9l90, 1 0 ,5°53' 08~=,5°04'04" 08: = 5°04'04" 573,21 9171, 4 0 
" '" 0'" ..,<0 -- ---- ------ --- ,---00 Ie 16070 =81 °05' 4°35' 070=5°04'011" 570,72 9131, 5 58,6 '1°35' 070=5°04'04" 570, 72 9131, 5 39, 9 

125 



L 

flections" for instance shows first the relation between 
geocentrical angles for the paths 1 and 6 (night and 
day propagation) as well as 2, 3, 4, and 5 relating to 
so-called intermedi ate propagations, figure 13. Then 
angles of in cidence cP on the ground, geocen trical 
angle~ 070 , Oq1 respectively 084, as well as the geo
centncal angle for the last night hop with respect to 
Neuchatel, OEl (i= l, 2, ... 5), are presented, s is 
tbe length of the path from one reflection point 011 

the ground to the next following on the lower edge 
of the ionosphere. S= ~ s the total length of each 
peculiar path 1, 2, 3, 4 , 5, and 6, figure 13, t,.8 b eing 
the difference in the length of each one of them with 
the length of path l. 

Figure 12 illustrates the graphical method used 
to determine the above elements. The functions 
s = f(fJ) and s=f(cp) are given for three different 
altitudes. A third diagram (070 - 084 90) shows the 
constructed curves CP70. 90 and CP 70. 84, locus of points 
such that for the corresponding CP70 and CP84.90 angles 
of incidence on the ground CP70 and CPS4, 90 are equal 
(see graphical construction of the angles of incidence 

CP70,90 , respectively CP7084= 0° and CP70, 90, r espectively 
CP70. 84=4 °). The straight lines numbered 1 to 15 
are the relation between geocentrical angles with 
regard to th e geocentrical angle N eucha tel-Balboa. 
Each bundle of straight lines represents one modf' 
of propagat ion . 

The following example is an illustrat ion of the 
method, figure 12: the straight line 9 in tersects the 
curve CP70.90 at K in the diagram (fJ70- fJ 84.90) ' K is 
first related to the abscissa 0 S4. 90 wbere fJ go = 7°38'45/1 
is found; a fterward s90=860,0 km is react on the 
curve H = 90 km in the diagram (s-fJ). This value 
on the corresponding curve H = 90 km in the diagram 
(s-cp) yields the angJe of incidence on the gronnd 
cp = 2°02' on the abscissa. The path length S70 = 
738,0 km is found by intersect ing the projection line 
with the CUTve H = 70 kill in the diagram (s, cp) . R e
turning to diagram (s,O), fJ 70 is found to be 6°34'45". 

This method has the advantage of being quick. 
It can furthermore be applied to all propagation 
modes, provides of course, that the straight line 
equations are adapted first to the geocen tricil1 angles 
as given by the locations of both transmit ter and 
receiver. The graphical method just described is, of 
course, not as accurate as the mathematical method. 
N ight and clay path lengths for each Illode 5, 6, 7, 
and 8 were accurately calculated. Global differences 
between night and clay paths are therefore known 
with sufficient accuracy, while part ial differences be
tween intermediate path lengths are far less accurate 
since they were found with the above graphical 
method. 

b. Determination of the Mode 

It was established in section 3.2 that lengt.h dif
fert=;nces of the path traveled by the N BA signal 
vaned between 14,7 km and 21,3 kill for day and 
night propagation. 

If it is now assumed that night reflection occurs 
at an altitude of 90 km and day reflection at. 70 km 
according to table 2 , a difference of 31,5 kill for 5 

hops, 39,1 kill for 6 hops, 47 ,2 km for 7 hops, and 
58,6 km for 8 hops is found . For a reflection altitude 
of only 84 km during the night, these differences are 
respectively 31,6 km, 26 ,8 km, 32,8 Iml, and 39,9 
km . It lTI ay be noted that on the registration of 
April 22- 23, 1961 , figure 10, the difference t.S= 21 ,3 
km is similar to that for 5 hops with a reflection alti
tude of 84 Ion . Inferred differences for the examples 
of September 7, 1960, figure 6; and September 11 , 
1960, figure 8; y ield reflection altitudes of about 82 
and 80 km for the same mode. 

Consequently, it seems fairly well established that 
mode 5 is the actual propagation mode of the NBA 
signal between Balboa and K eucha tel. 

The problem has to be considered more closely, 
however. Assume, for in stance, a propagation of 
mode n during the nigh t (n hops) and a propagation 
of mode n + 1 during the day (n+ 1 hops) or inversely. 
I~ bec~mes immediately obvious that the eventuality 
of havmg a mode n + 1 during darkness and n during 
daylight must be eliminated, the resulting differences 
of path lengths t,.8 be in g; far higher than those de
duced from the registrations. The other eventuality, 
n ionospheric hops during darkness and n + 1 hops 
during daylight, is more logical and looks tempting 
at first sight. 

A scrutiny of the global d ifferences of the traveled 
paths for H = 90 km and H = 84 km (as extracted 
from table 2) shows the following : 

5 night reflections} t.Soo= 9116. ,5 - 9099 ,3= 17.3 k .. m; 
6 day reflections t.884 = 9106,6-9099,3 = 7,3 km 

6 night refl. ect!ons} t.S~o= ~38,4-~14,8=~ ,6 km ; 
7 clay reflections 8 8,- 91 26,0 9114,8- ] 1,2 

kill 

7 night reA .. ectio.ns} t.S~o= 9162 ,0- ~31 , 5 =~,5 km ; 
8 day refl ectIOns 8 s4- 9147,6 9131,5 - ]6,1 

" kill . 

"" I 
( 

I 

The differences thus calculated correspond closely 
~o those deduced from the recordings, especially 
for 17,2 and 23,6 km. 

However, transition from one mode to ano ther I 

can only take place in a precise order . 
If an intermediate propagation of mode n (n 

ionospheric reflections) is c.onsider ed, no being the 
number of day reflection points and nN the number 
of night reflection points, the foll owing relation 
obviously applies: 

The mode of next higher order ,,·ould be 

n' = n + l. 

Transition from mode n to n' Jll ust follow the law 

where no+] =n~, nUI1l bel' of day reflections for 
mode n'. 
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FIG URE 12. Graphical method to find the angle of incidence </>, the distance s between the iono
spheric l-ejlection 1)oint and the next gr01tnd l'ejlection 1)oint , and the cOI'1'es ponding geocentrical 
angle 6 for a detennined mode of propagation that is l'e pl'esented by a hundle of straight lines. 

LEGEND: equations of Lhe straight lin es lor 
5 ionosp heric reflections 6 ionospheric reflections 
1 . 2070+80" 90 - 81 °05' 5: 20,,+ 100" ., = 81 °05' 
2:4070+60,,' 90 = 81°05' 6:4070+80" 9' =81°05' 
3:6070+40'/90= 81 °05' 7 :6070+60,'90 =81 °05' 
4: 8010+20,,',,= 81 °05' 8: 8070+40" " = 81 °05' 

g: 100"+20,,:,, =81°05' 

127 

7 ionospheric reflections 
10:2070+120" ,,= 81°05' 
11 :4070+ 100".,= 81°05' 
12: 6070+80"., =81°05' 
13: 80"+69" ,, = 81 °05' 

14 : 10070+40"" =81°05' 
15: 12070+20" :,, = 81°05' 



IONOSPHERE 

Balboa NeuchlHe l 

b) 

Balboa Neuchatel 
~-------- -- ---------- Bf = 81° OS' -- ----- - - - -- -- - - - --> 

FIGURE I3. - Geometrical model oj the 10ngwQve propagation about sunrise in the case oj a 5-hop 
skywave jor the distance Balboa-Neu chatel (night propagation 1, intermediate propa(Jation 
2. 3. 4. 5, day propagation 6). 

FigUTe 13 shows this behavior more explicitly. 
Path 3 for instance (intermediate propagation 3) 
involves 2 day (D¥ and DD and 3 night reflection 
points (Ef, E~, and ED, so that 

The transition to n' = 6 ionospheric hops will be 
such that 

n; = (nD+ 1) = 3 
n/.; = nN = 3 
n' = n+ 1 = 6 

because the decrease of the altitude of the last night 
reflection point Ef occurs simultaneously with the 
addition of a new reflection point to the remaining. 

In table 2, path 3 discussed above is shown by 
(2) (No. 2 in fig. 12) while (7) (No. 7 in fig. 12) 
expresses the transition. 

What now are the effects of a transition, in accord
ance with the law indicated above from mode n to 
n' on the behavior of S, the length of the path trav
eled by the signal? Table 2 shows that whatever 
the altitude of the night reflection chosen (H= 90 or 
84 km) and regardless of the timing of the transi
tion from one mode n to the next higher mode 
n' = n+ 1, the length of the path S increases. In
versely, if a night as well as a day propagation are 
of the same mode (e.g., paths I, 2, 3, 4, 5, and 6, 
fig. 13, and table 2) (5 hops), the length of the path 
is always shorter than that immediately preceding. 

If, then, we assume a change of mode occurring 
together with sunrise over the path N eucha tel
Balboa, a sudden increase in path length should 
take place at the moment of change of the mode. 

T he recordings, figures 6 to 10, however, show 
that the shift A.tr of the sinusoid always occurs in 
the same direction at sunrise, respectively at sunset; 

therefore the respective variations A.S of the path 
length traveled by the signal are similar. While at 
sunrise the length S of the path traveled decreases 
more or less evenly showing no tendency to in
crease at any time, at sunset, on the other hand, the 
length increases with no sign of decrease at any time. 

It can be concluded accordingly, that the mode of 
NBA signal propagation is the same both at day and 
at night. Mode five is therefore found to be appli
cable, altitudes of reflection points being about 70 
km dUTing daylight and between 80 and 84 km at 
night according to the recordings available, figUTes 
6,8, and 10. 

Angles of incidence on the ground for a five-hop 
mode in table 2, for a day altitude of 70 and 84 lun 
at night, then, are 

4.4. Consideration on the Night Reflection 
Altitudes of the GBR and NBA Signals 

The night reflection altitudes of the GBR signal 
were found to be higher than those of the NBA 
signal. 

Since both frequencies (16 kc/s for Rugby, 18 
kc/s for Balboa) are quite close to each other, night 
reflection altitudes woul d be equal for identical 
geometrical propagation conditions. This being not 
the case, the inequality 

BE:I (Balboa) > BEI (Rugby) 

must be borne m mind. 
This implies that angles of incidence on the lower 

edge of the ionospheric layer are also unequal: the 
GBR signal 'will penetrate further into the ionosphere 
and reflect at a higher altitude than the NBA signaL 
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5 . Introduction to the Detailed Study of the 
Geometrical Model of Longwave Propa
gation at Sunrise and Sunset 

The recordings for Rugby reveal ft sudden trans
lation of the sinusoid on the oscilloscope screen 
from I to M at sunrise, figures 3 and 5. On the 
other band, sunrise recordings for Balboa arc differ
ent in this respect. On April 23, 1961 for instance, 
5 successive shifts numbered 1 to 5 in figure 10 arc 
sbown. 

The question as to the relation between the sudden 
shifts of the sinusoid and the ionospheric r eflection 
points now arises, since the altitude decrease of each 
of them must result in a shift of the sinusoid on the 
oscilloscope screen. A correlation between the times 
of sunrise at the reflection points and the times at 
which the shifts occur could be searched. However, 
computing a sunrise time at a reflection point is 
equivalent to a computation of the zenithal distance 
Z of the sun at this poin t. Tbis new no tion will 
furthermore be used to fix similar singularities of 
possibly identical origin on various recordings as will 
be shown later. It can be asswl1ed that similar 
singularities related to the same reflection point, buL 
taken successively on different recordings must by 
necessity have equal zenithal distances. When com
puted under identical conditions for several reflecLion 
points in a multihop mode propagation, similar 
zenithal distances will again be found both for SUIl

rise and sunset. The zenithal distance would there
fore appear to be independent of the declination of 
the sun and the position of the reflection point. 

I This is not unlikely, since the rate of production of 
electrons in the ionosphere is known to vary with 
the cosine of the zenithal distance of the sun. 

This is the approach to the detailed study of the 
proposed modeJ, figure 13, which will also clarify 
the model related to sunset, figure 14. 

6 . Geometrical Considerations 

6.1. Rugby 

It is established in section 4.2 that the mode of the 
GBR signal propagation is only a one-hop mode. 
Let N be the midpoint of the arc of great circle 
joining Neuchatel and Rugby along the ground, 
figure 11, D the day and E the night reflection 
points. Starting from the coordinates of Rugby 
(52°22' N- 01 °11' W) and NeuchaLel (47°00' N-
06°57' E), it is found that 

N (49°16 ' N- 03°16' E), 
D (49°16' N - 03°16' E- 70 km), 
E (49°16' N - 03°16' E - 88 kl11), 

with 0[= 7°30', the geocentrical angle between the 
receiver and the transmitter 

the azimuth of Rugby from N eucha tel being 

The recordings, figures 2,3,4, and 5, had shown an 
altitude of the night reflecLion layer varying between 
88 and 91 km (see sec. 4.2). Tbis altitude was 
selected at 88 km for subsequent computations. 

6 .2. Balboa 

Q. Sunrise 

The intermediate propagation (paths 2, 3,4, and 5, 
fig. 13) requires the reflection points on the iono
spheric layer contained in table 3 (azimuth 
A z = 273°44') . 

Balboa NC'uchatel 
~----- - -- - ---- ---- - e = 81°05'- --- - - - - - - - --- -- --> 

f 

FIGURE 14. Geomel1'ical model of the longwave propagation 
about sunset in the case of a 5-hop skywave for the distance 
Balboa-Neuch(Uel (day p1'opagation 1, inte1'mediate p1'opaga
tion 2. 3. 4. 5, night p1'opagation 6). 
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The geocentrical angles OEl ... OEf formed by 
each of the points El . . . E? tab ulated between the 
two diagonals of table 3 with the receiver (N eu
chatel) were calculated in table 2 on the basis of the 
geocentrical angles 870 and 084 found with the 
graphical method already described, figure 12. 

TABLE 3 

Path Renection poin t 

L .............. E' 1 EJ E' 3 E' , E1 

~---- - - - - -- ----- n' , E' , E~ E' 3 E' , 
3 .. .•. •• • • .•.... D' I D' , E' I E~ E' 3 

4 .....• • .••. •. .. D' I D' , D' 3 E' 1 E~ 

5 _______________ D' 1 D' , D' 3 D' , E~ 

6 ...... . ....... _ n' 1 D' , D' , D' , D' , 

In a previous study [Rieker 1960, sec. 2.2 and 2.13], 
a simple method of computation of these geocen
trical angles was evolved, their general express ion 
being 

( 0 m) = (2m- 1)B _0'[n-(m-1)] (2m-1) + 0' 
E) L 2n J n ' 

2m-3 
( ODm ) = (0 m) - , 

m-l L Dm L 2m-1 

(5) 

where a is defined by the relation 

( BEm) - (Bnm) =0', 
I L rn L 

for our case 0'~0045', n being the number of io no
spheric reflections (n = 5 in our case, see sec. 4.3b), 
0[= 81 °05' the geocentrical angle between the trans
mitter (Balboa) and the receiver (N eucha tel) ; m an 
integer defined by the inequality l<m::;n, the 
index L relating the expressions to sunrise. 

When the azimuth and geocentrical angle of each 
characteristical point tabulated betw'een the diago
nals of table 3 are known, the coordinates A and cp 
of each point can be computed easily; these are 
shown in tables 4 and 5. 

The recordings (figs. 6, 8, 10) yielded altitudes 
of night reflection varying between 80 and 84 km 
(see ~ec. 4.3b); a value of 84 km was selected for 
r nrther computations. 

TABLE 4 

Reflection 6 
point A z=273°44' '" X 

H = 84 km 

E' , 8°07' 46°55'N 4°56'W 

E' 1 23 16 43 40 2603 

E 3 , 3903 3642 4438 

E~ 55 23 27 00 60 11 

Ef 7222 1526 7334 

TABLE 5 

Reflection 0 
point A :=273°44' '" X 

"=70 km 

D' , 7°31' 46°59'N 4°05' W 

D~ 22 59 43 45 25 41 

n' 3 3903 36 42 4438 

D' , 55 43 26 47 6028 

Dl 72 58 14 52 73 53 

b . Sunset 

It was shown in section 4.3 that a five-hop mode 
must be applied to the Balboa-N euchatel transmis
sions. This involves consideration of an intermedi
ate propagation 2, 3, 4, and 5 for the transition from 
day to night propagation similar to the case of sun
rise considered previously, assuming angles of in
cidence on the ground for each particular path 1, 2, 
3,4,5, or 6, figure 14 to be identical. I 

Table 6 shows all sunset reflection points. By J 
reasons of symmetry the geocentrical angles between 
N euchatel and the reflection poin ts tabulated be
tween the two diagonals of table 6 can be derived 
from (5): 

(0) 

where, as previously in the case or sunrise, 

l<m::;n 

n being the number of ionospheric reflections and m ! 
an integer, the index C relating the expressions to : 
sunset. I 

The azimuth A z = 273°44' and the geocentrical 
angle of thr characteristical rGfiection points with : 
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respect to N euchatel being known, the coordinates 
A and <p of each of them can be computed easily. 
These are shown in tables 7 and 8. 

TABLE 6 

Path Reflection poin t 

L ________ ___ ___ D' I DI 
2 

DI 
3 

DI , 
2 _______________ E' I D' I D' 2 D' , 
3 ________ _ . ___ __ E' I Ej D3 

1 
D3 

2 

4 ____ __ ___ • _____ E' I E' , E' 3 D' I 

5 ___ ____________ E' I E' , E' 3 E~ 

6 __ _____________ 
E~ E~ E~ E: 

TABLE 7 

R eflection 0 
point A z=273°44' <P A 

h~70 kill 

D' I 8°07' 46 °55'N 4°56' \V 

D' I 25 22 42 55 28 45 

D' I 42 03 35 04 47 43 

D' 1 58 06 25 14 6229 

D,I 
1 73 34 14 35 74 27 

TABLE 8 

Reflection e 
poin t A%=2i3°44' <P A 

JT~84 km 

E~ 8°43' 46°53'N 5°50' W 

E~ 25 42 42 40 29 06 

E~ 42 03 35 04 47 43 

E~ 57 49 2525 62 15 

E' , 72 58 14 52 73 53 

7 . Further Developments 

7.1. Methods 

a . Introduction 

D' , 

D' , 

Dl 

D' , 

D' I 

E: 

Prior to the detailed study of individual recordings, 
a summary of the three variables used in their· 
interpretation and the methods of their computation 

i follows: 

The zenithal distance Z of the sun, 
the times of rising and setting of the ionizing 

radiation of the sun, 
the distance d between one ionospheric reflection 

point and the layer formed by the ionizing 
radiations of the sun. 

b. Determination of the Zenithal Distance of the Sun 

The following computation method was used to 
determine the zenithal distance Z of the sun for a 
given time T and an ionospheric reflection point E 
respectively D of coordinates (A, <p, h), figure 15; 
from 

U R 
cos = R + h 

where 
U = angle of depression 
R = radius of the earth = 6371 km 

and 
-sin U = sin 0 sin <p + cos 0 cos <p cos (to + t), (7) 

the value of 

is calculated for sunrise L or sunset C at point E or D 
of coordinates (A, <p, h) . 

o is the declination of the sun, to the hour angle of 
the sun at sunrise or sunset, t the time period between 
either sunrise or sunset and the time considered. 

For a known time difference 

L-Tor C- T 

the followin g is derived eas ily: 

at sunrise 
(to + th= (to+ th+ (L- T) 

at sunset 

The zenithal eli tance is g iven by 

cos Z = sin 0 sin <p + cos 0 cos <p cos Cto + th . (8) 

c . Determination of the Time of Rising or Setting of the Ion
izing Radiation of the Sun 

Sunrise or sunset at any given point (A, <P, h) 
near the surface of the earth is associated normally 
to the appear ance or disappearance of the solar 
disk in the visible spectrum. However, the main 
ionizing agent of the high atmosphere is the ultra
violet radiation of the sun of below about 3000 A; 
it is logical, therefore, to assume a photoionic effect 
of this radiation on the air-components of the high 
atmosphere, when investigating the relationship 
existing between the times of sunrise or sunset at 
points along the path of a signal and the times at 
which phf1se fluctuations of this signal appear on 
the recordings. It is also known that this ultra
violet radiation is completely absorbed by the ozone 
layer. In other words, this means that this ultra
violet radiation will reach the point (A, <P, h) after 
the sun has risen and will leave it before the SUll has 
set in the visible spectrum. The problem is, there
fore, reduced to a computation of the t imes of 
sunrise and sunset in the visible spectrum referring 
to a sphere with a radius of R+ !::' r reaching the 
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1; transmi tter 
2 :receiver 

SUN 

FIGU RE 15. One-hop skywave: zenithal distance Z and dis 
tance d fT om the Tefl ection point E or D to the surface f ormed 
by the ionizing rays which aTe tan gential to the ozone layer . 

sphere of influence of the ozone layer. The intro
duction of the notion of the rising and setting of the 
ionizing radiation of the sun is thus justified. 

A simple computation method for the time differ
ence results from a known altitude /::" , of the sphere 
of influence of the ozone layer above the surface of 
the earth. Starting from the equations 

where U1 and U2 are the angles of depression, R the 
radius of the earth= 6371 km and h the altitude of 
the point under study. 

Equation (7) then yields the difference of the 
times 

The time at which the ionizing radiation rises at 
an ionospheric reflection point thus becomes 

the time of their setting becoming 

O-A. 

The altitude /::" , being difficult to determine on 
the recordings under study, reference was made to a 
previous study [Rieker, 1960, sec. 1.3] where it was 
found to be 28 km; this value was adopted for 
further use in the present study. 

d . Computation of the Distance d From One Ion ospheric Reflec
tion Point to the Layer Formed by the Ionizing Ra diations of 
the Sun 

Some phase fluctuations of the GBR or NBA 
signal occur before the ionizing radiations of the sun 
have risen at the corresponding reflection point 
(A, 'P, h) . In this case the distance d from the re
flection point to the layer formed by the ionizing I 

radiations has been calculated, figure 15. 
When, at sunrise, the phase fluctuation of the 

signal occurs before the ionizing radiations of the I 

sun reach the reflection point considered, the rate 
of electron density must have been modified before 
the said radiations reached the particular reflection 
point. 

The Jayer formed by the ionizing radiations 
issuing from the sun taken as a punctiform light 
source assumes, in the first approximation, the shape 
of a cy linder tangential to the ozonosphere and 
therefore to the sphere R+ /::"T, figure 15. 

It is easily recognized that for a ionospheric 
reflection point E respectively D, d is defined by the 
equation 

(9) 

Z is the zenithal distance of the sun at the day or 
night r eflection point considered; it should not be 
mistaken for the zenithal dis tance of the sun at 
N eucha tel at the same moment, which would have 
an altogether different value. 

If, for curiosi ty's sake, the solar disk in the visible 
spectrum is assumed to have a diameter of 16', the . 
distance d would have to be corrected bv a value 1 : 
determined by the expression (see fig. 15):" 

l= (R+ h) cos (7r - Z )tg 16'. (10) 

Assuming that: 

d = 100 km 
/::" , = 28 km:alt itude of the sphere of influence of the ' 

ozone layer [Rieker, 1960, sec. 1.:-l] 
R = 6371 km:radius of the earth 
h = 88 km:altitude of the reflection point (see 

sec. 6.1), 

it is found that 

Z = 102°47' 
l = 6,6 km. 

Conversely, the variation of Z resulting from 
d = 6,6 km is Z~ 1 5'. 

As will be shown in the next paragraph, this error 
can be neglected, the inaccuracies resulting from the 
readings taken on the record ings being of the same 
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order of magnitude, sometimes even more important. 
The sun can therefore be taken as a point light source. 
It might be added that a str ict reasoning would 

" involve the dimensions of the sun in the ultrn,violet. 

7 .2 . Interpretation of the Recordings 

a. Introduction 

The Rugby recordings w"ill be studied first, 
figures 2 to 5, followed by the more complex recording 
from Balboa, figlli'es 6 to 10. Recordings at sunrise 
being easier to interpret, they will be examined first . 

Mention has already been made of the fact that 
these recordings were not made with the specific 
view of studying long wave propagn,tion. This 

I explains the interruption in the recordings of Sep
tember 8 and 12, 1960, figures 7 and 9, before the 

\ sun had risen over the whole path Neuchatel-Balboa. 
Furthermore, since these recordings were part of the 
initial trials conducted at the N euchatcl Observatory, 
two different speeds of advn,nce of Lhe 35 mm fUm 
were used; on the original high speed recordings, 
figures 2, 3, 6, 7, 8, and 9, 1 mm represents 2 min, 
while on the low speed r ecordings, figures 4, 5, and 
10, 1 mm conesponds to 8, 5 min. A reading 
error of 1 min results in an enol' fo1' Z of 6.Z~30' 
in the firsL case, while on tbe low speed recordings, 
a reading ('1'1'01' of 4 min resulLs in an error of 
6.Z~ l ° to 2°. 

The "Tables Crep usulaires" [Lugeon 1934, 1957] 
were used to compute the times of sunrise and sunset 

, at a point (A, i(J, h) . 
It sho uld be men tioncd finally Lhn.t Lhe January 

24 and 25, 1961 recordings, figures 4 and 5, were used 
earlier in a preliminary sLudy [Riekcl', 1961]. 

b . Interpretation of the Reoordings of the Rugby GBR Signal 

R ecordings of Septembm' 11 , 1960, Figure 3 and 
January 25, 1961, Figure 5 at Sunrise. In spite of 
two different time scales having been used (abscissa), 
both recordings show fl. sudden initial phase shift 
at I followed by a clearly marked stabilization at K 
in figure 3 and M in figure 5. From point M onward, 
no significfl.nt shifting of the phase OCClli'S on both 
recordings. Table 9 shows the time of rising of the 
sun and of the ionizing radiation at the characteristic 
points N, D , and E defined in section 6.1, figme 11 , 
as well as the corresponding zenithal distances Z 
defined in section 7.1b, figure 15. 

Place 

11. 9. 60 
urI' 

Neuchfitel 5h09m 
1\ T _ _____ ____ 522 D ___ . ____ ___ 4 28 
E ____ _______ 421 

TABLE 9 

Time of sunrise 

25. 1. 61 Z 
U'l' 

7b11m 90°00' 
7 35 90 00 
6 37 9827 
6 31 9928 

rrime of incidence of the first 
ioni7,ing sunray 

11. 9. 60 25. I. 61 Z 
UT UT 

4h{Om Gh50m 96°33' 
4 32 G 42 97 49 

Table 10 comprises the results as computed for 
th e times I , K , L, M indicated on figures 3 and 5. 

The zenithal distances Z of the Still aL Lhe times 
I , K , L, M were calculated at point N, figure 11 for 
both recordings. At a given time, K for instance, 
the zenithal distance is identical for all points on 
a vertical line from point N. The distance d 
between the night reflection point E (49°16' N-
03 °16' E - 88 km) and the layer formed by the 
ionizing radiations was calculated for the time 
I (see sec. 7.1d, (9)). 

TABLE 10 

SWll' iso 

Abscissa 11.9. GO 25. 1. 60 
in the Reflect ion ' ___ ,--__ ,.---_1 __ ---; __ ---; _ _ 

fi gures 3 pain t ' 
and 5 u'r Z d UT Z d 

----1----1----------------

1 ________ ___ E__ ______ _ 4h29111 

IC________ D _________ 4 40 
L ________ __ D_________ 503 
101 _________ D ___ ____ __ 5 31 

98°19' 
9633 
92 59 
8 27 

km km 
8 6h39'" 98°19' 8 
o 6 57 95 30 

7378942 

The following conslderations arc based on table 10: 
(1) On bOLh recordings (SepLember J 1, 1960 and 

January 25, 1961), the iniLial shift of the phase 
occurs at a time corresponding to Lhe time of rising 
of the ionizing radiaLion of the sun at point E 
(49°16' N- 03 °16' E - 88 km). 

(2) Both recordings show a singulariLy at the 
times K coinciding with a zenithal distance of the 
sun of about 96 °. 

PlotLing A2 ((3) sec. 2) below Lhe January 25 , 1961 , 
recordLng as a time funcLion calculaLed by repeated 
measurements of T' (J-Lsec) an absorpLion curve 
showing the variation of the energy of the GBR 
signal is obLained. A minimum appears in this 
curve at time K whi ch occurs at a reflection point 
altitude 0[' abouL 82 km. FurLher singulariLies are 
110tic('able in the absorption CUl've at Limes I and K. 

(3) The singularity indicated at Lime L, figure 3, 
is not visibl e on the recording of figure 5. This fact 
is probably due to the slow speed of advance of the 
fUm. 

(4) From time M onward i.e., when the ionizing 
radiation reaches the day reflection point D prac
tically horizontally, the altitude of the point of 
the ionospheric reflection has nearly reached the 
lowest level. The received energy, on the other 
hand, has slightly increased again (see absorption 
curve, fig_ 5). 

R ecordings oj September 10, 1960, figure 2 and 
January 24, 1961, figure 4 at sunset. Phase fluc
tuations of the GBR signal are less clearly dis
cernible at sunset than at sunrise. The recording 
of September 10, 1960, for instance, shows a very 
gradual phase shift beginning at time A, whereas 
the beginning of the phase shift is slightly clearer 
on the recording for January 24, 1961. The phase 
shift, furthermore, extends over a much longer 
period of time at sunset than at sunrise and generally 
appears to be more complex. Beginning at time G, 
however, the phase shift becomes very small. The 
increase of the altitude of the night reflection point 
is probably terminated at this time G. 
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As previously for sunrise, times of setting of the 
sun and of the ionizing radiation as well as the 
zenithal distances Z of the sun as con1.puted for the 
characteristical points N, D, E defined in section 
6.1 are presented in table II. 

TABLE 11 

Time of sun set 

Pl ace 

10.9.60 24.l.61 
UT UT 

rrimc of incidence of the last 
jonizing sunray 

10.9.60 
UT 

24.1.61 
UT 

--------1----1-------------

Neurhatel 
N 
D 
E 

17h49m 

1806 
1859 
19 06 

16h17l!l 
16 22 
17 19 
17 26 

90°00' ______________ __ ____ __ ______ ___ _ 

~~ g~ -- i8"47;; -- -- i7"07~: -- --96033'- -
99 28 18 56 Ii 15 97 49 

Table 12 comprises the zenithal distances of the 
sun and the distances d from point E (49°16'N-
03 °16'E- 881<:m) to the layer formed by the ionizinO' 
radiations at times A, B, C, F, G indicatino. sinO'u": 
larities apparent on the recordings. '" '" 

The following considerations are based on table 
12: 

(1) At times A, figures 2 and 4, the zenithal 
distance is about 90° for both recordings. From 
that time onward the phase shift becomes apparent 
i.e., the reflection point altitude begins to increase: 

(2) When the zenithal distance approaches 94° 
the phase shift of the GBR signal becomes slower. ' 

(3) A singularity seenIS to be significant at time 
C on the September 10, 1960 recordinO' fio'ure 2 
this particular time C being the t ime of'settin o. of 
the ionizing radiation of the sun at point E 
(49°16'N- 03 °16'E- 88 km). This singularity does 
not appear on the recording of January 24, 1961, 
figure 4, or is at best only barely recognizable>. 

(4) When the zenithal distance reaches abou t 102° 
a new singularity appears in the phase shift (tim~ 
F). The distance from point E to the layer formed 
by the ionizing radiations then is about 100 km. 

(5) Beginning at times G, the altitude increase of 
the night reflection point seems to be completed. 
It should be pointed out here that the zenithal 
distance of the sun and the distance from point E 
to the layer formed by the ionizing radiations on 
September 10, 1960, and January 24, 1961 , are 
too dissimilar to postulate the existence of a relation 
between the two. 

(6) By plotting A 2 ((3) sec. 2) below the recording 
of figure 4 as a time function, deduced from repeated 
measurements of T', respectively Til (J.lsec), it would 
appear that critical points on the absorption curve 
are associated with t imes A, B, F. At time B a 
momentary increase of reflection capacity is notice
able. The reflection point would then have reached 
an approximate altitude of 73 km. N ear tune F 
absorption would have diminished considerably. 

Discussion. A first conclusion attained by com
parison of the results obtained at sunrise and sunset 
IS that the altitude of the ionospheric reflection 
point is around 70 km as long as the zenithal distance 
of the sun lies between ° and 90°. Zenithal distances 
at time A at sunset and time M at sunrise are about 
90° according to tables 10 and 12 . 

TABLE 12 

Sunset 

Abscissa 10.9.60 24.1.61 
in the R eflection ___ ,-_--,_-1---,----,--
fi gures polnt 
2 and 4 ucr 7: d UT 7: rl 

A 
B 
C 
P 
G 

D 
D 
E 
E 
E 

18"06'" 
18 27 
18 58 
19 30 
22 48 

--- --;:m ------ --r;:;n 
90°00' __ ____ 16"16m 89°29' _____ _ 
93 26 __ ____ 16 55 94 45 ___ __ _ 
98 19 8 __________ ____ __________ _ 

103 06 108 17 41 101 41 74 
125 09 1118 18 50 112 42 440 

At sunrise, the phase shift seems to be triO'o'ered 
by the rising of ionizing radiations at poi~t E 
(49°16'N-03°16'N-- 88 km), the beginning of the 
phase shift occurring at times f. 

At sunset, the l ayer formed by the ionizinO' radia- I 

ti.ons again seems to be of same importa;ce, the 
dIstance of the night reflection point E from this 
layer being about 100 km at times F while the 
ionizing radiations disappear at t ime C, figure 2. 

The significance of the singularities noticed at the 
intermediate times ]{ (sunrise) and B, F, G (sunset) 
becomes evident when related to the behavior of 
the energy A 2, figures 4 and 5. 

When several ionospheric reflections (multihop 
mode) of the signal occur, the phase shifts which 
are completed in a relatively short time at sunrise 
'will be easily dissociated and analyzed. At sunset; 
on the other hand, the phase shift continues over a 
longer time, so that the interpretation of the re
cordings is more difficult; each peculiar phase shift 
produced by a su ccessive increase of altitude of the 
reflection points being entangled with the next one. 

c. Interpretations of the Recordings of the Balboa NBA Signal 

Recordings of September 8,1960, Figure 7; September 12, 1960 , Figure 
9; and April 23, 1961, Figure 10 at Sunrise 

Unfortunately, the September 8, 1960, figure 7; 
and September 12, 1960, figure 9 recordings were 
terminated before sunrise had occurred over the 
whole path Neuchatel-Balboa. The recording of 
April 23, 1961, figure 10, on the other hand, is com
pleted. Two different speeds of advance of the 
film were also used. 

A first examination of the recordings of the NBA ) 
signal at sunrise shows a jerky shifting of the phase; 1 
the April 23, 1961 recording looks rather like a 
flight of five steps. It will be shown that each step 
is associated with a decrease in the altitude of a 
night reflection point on the ionosphere. Identical 
symbols were maintained for similar singularities r 
on different steps, indexes referring to step numbers. ) 

1 

These symbols aTe the same as those used previously 
III the recordings of the GBR signal and relate to 
the same singularities of the phase shift (sec. 7.2b). 

Reference is made here to figure 13, giving a 
schematic description of the model used. The 
IOnospheric reflection points involved in these 
computations are to be found between the diagonal 
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lines in table 3 (sec. 6.2a). Times of sunrise and of 
the rising of the ionizing radiation as well as cor
responding zenithal distances of the sun were 
computed for each of the reflection points mentioned 
(table 13). The night reflection al titude h ad been 
selected at 84 km in section 6.2a. 

Table 14 is a system atic collection of the singu
larities noted in the recorded phase shifts of the 
NBA signal. They were ass igned the letters H i, I i) 
K i ) Li, Oi, ]0,;1i (i = 1,2,3,4,5), i being the number of 
the step s tudied . 

The following considerations are based on table 14: 
(1) Contrary to the results obtained from the 

phase shift of the GBR signal, a first phase shift 
occurs at times H i prior to the shift at I i' Table 14 
shows that at the times H i t he zeni thaI distances 
computed for the r efl.ection points E; vary between 
101 and 104 ° while the distances cl from the refl.ection 
points Ei to the layer of ionizing radi at ion fluctuate 
between 60 and 150 km. On both recordings of 
September 8 and 12 , ] 960, the zenithal distances 
calcula ted for the times H4 (08.30 UT , 08.37 UT ) 
had to b e elImin ated since the r ecordings are in ter
rupted at 08.30 UT. The co mputation was made to 
show that these singulari t ies belong to the third step 
(singularity 03), 

(2) At t imes I i cOlTesponding to the rising of the 
ionizing radiation at reflect ion poin t E on the r e
cordings of th e GBR sign al (sec. 7.2b. ), the zenithal 
distances related to point El vary between 99 and 
101 °, the distances d to the layer formed by the 
ionizing radiations being between 6 and 93 km . 

(3) At the times Oi or M i , the zenithal distances 
related to the correspond Lng day reflection points 
Dr, D~, D~) D~, D~ n,re neal' 90°. This r esult cor
roborates the findings 011 the recordings of the 
GBR signal. ~ c 

(4) The zeni thal distances of the sun calculated 
at the intermed iate times I e and L i ar e generally 
between 93 and 97°. 

(5) The energy A 2 of the NBA signal ((3) sec. 1) 
wa shown below the April 23, 1961 , recording as a 
fUllction of time. For reasons of convenience, A 2 
was represented as the reciprocal function 1jA2 due 
to the large variations of this function. This curve 
shows that: 

The decrease in the energy occurs only after 05 UT 
(time LI)' For that time. the zenithal distance of 
the sun at the day reflection point Di would be 
92 °48', table 14. The absorption curve of this 
initial step cannot be compared to the corresponding 
curve for Rugby, figure 5. 

Two rela tive minima are di cernible at the times 
O2 and jV[2. These refer to the second step . 

The third, four th, and fifth minima occurring at 
the times 03 , 04 and L5 are associated to steps 
3, 4, 5. Zenithal distances computed with respect 
to the corresponding day r eflection points fluctuate 
between 92 and 93°. 

The intermediate maxima in the energy occur 
generally between the t imes H i and I i; these t imes 
precede the rising of the ionizing radiat ions of the 
sun at the night reflection point Ei only shortly. 

Record i n gs o f S eptember 7. 1960, FiiJure 6 ; S e ptembe r II , 1960, Figure 
8; and A p cil22, 196 1, F ig ure 10 at Sun set 

The shifLing oJ the phflse of Lhe NBA signal is 
mu ch smoother }),t sunset Lh lm at sunrise. The dif
Jerent sLeps so clearly discernible at sunrise are 
smoothed ou t Lo such an exLent that an analysis of 
the recordings becomes qui te contingent. This is 
easily understood by reJening Lo Lhe phase recording 
of the GBR SiglMl I),t sunset, fLgures 2 and 4. At
tention had alrelldy been dmwn to th e considerably 
longer Lime periods over which Lhe phase shir t took 
place aL sunset as compared Lo sunrise. Applied to 
}), mulLihop skyw}we, this means that the phase shift 
nssociated with the first reflection point at sun et is 
no t tenninaLed by the Lime the shiftin g associated 
with sunset n,t the second reflect ion point inLervenes. 

TAB LE 13 

Time of sun rise 
Reflection 

' I.' imc of incidc ncc of the first ionizing sunray 

pOint Or 

I 
place 8.9.60 12.9.60 23.4.61 Z 8.9.60 12.9.60 23.4.61 Z 

VT' vcr U T VT' UT V'l' 

::\"eucl1i\tel I 5h05 rn 5hl11(1 4h36m 90°00' ----------- - - ~- --- ------ ------------ --- --------. 
E\ 4 57 503 4 24 99 15 5h07m 5"14"' 4h36 m 97°33' 

D' 1 4 59 504 4 26 98 27 5 lO 5 16 439 90 0;j 

Ef 628 631 5 59 99 15 6 ;j8 641 610 97 00 

D' , 6 01 6 36 602 98 27 6 42 6 '17 6 13 9603 

E~ 7 5~ 7 56 7 30 99 15 8 02 805 7 39 97 o;j 

D' , 7 57 800 7 35 98 27 8 07 8 10 7 45 96 1;1 

E' 1 905 907 8 50 99 15 9 13 9 15 8.58 97 03 

D' , 910 9 12 855 98 27 9 19 921 904 960;J 

Ef 10 08 10 08 9 59 99 15 10 15 10 15 10 06 97.00 

q 10 13 10 13 10 05 98 27 10 2 1 1021 10 10 960;J 

-----
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TABLE 14 

SWlrise 

Abscissa in 8.9.60 12.9.60 2J.4.61 
the figures Reflection 
7, 9, and 10 point 

UT z d UT z d UT z d 
----1----1------------------------1----

H I E' I 4h32 rn 103°13' 

lJ 1'. 1 
' 1 4 58 9905 

I<I D' I 5 15 95 50 

L I D' 1 529 93 12 

lU I D' 1 

H , E' ~I 5 57 104 31 

h Ei 628 99 15 

I<, )) ~ 6 44 96 II 

k,m 

115 4"46'" 10 1°56' 

25 502 99 25 

5 12 97 07 

5 39 92 36 

150 600 104 35 

28 6 31 99 15 

638 9806 

km 

84 

31 

152 

28 

2'2 

100' 43' 

9830 

4 46 95 26 

5 03 92 48 

526 8906 

6 07 97 57 

6 07 97 38 

km 

.~7 

15 

15 

L , D~ 6 59 9333 -- -------- ----- ----- ------------ - ---- -- -- - 6 19 95 40 

0 , ))3 , 
1H z ])3 

7 13 

7 18 

91 54 

91 00 

6 36 

6 55 

9255 

8933 
----1----------- --------1----------------

H 3 

13 

1 ( 3 

L 3 

0 3 

II, 

T, 

K .. 

0, 

£,1 
"I 

E~ 

])j 

])' 3 

))' 3 

E' 1 

E' "I 

])' • 
))5, 

7 32 

7 47 

830 

8 30 

103 18 

100 25 

91 58 

J06 50 

In terrupted record 

117 7 29 

50 7 47 

8 08 

8 37 

221 8 37 

104 29 

101 01 

965J 

91 24 

105 48 

Interrupted record 

149 

63 

4 

188 

7 14 

7 33 

7 52 

8 09 

8 34 

8 43 

9 00 

10209 

98 42 

95 11 

91 57 

10236 

10043 

97 24 

9 21 92 54 

89 

.18 

99 

57 

II 

----1----1-·----------1-----------1---------
J, Ef 

1(5 D~ 

L s D~ 

p , )) ' 6 

An overriding of phase shifts occurs resulting in 
smoother curves for sunset than for sunrise. 

Nevertheless, a trial was attempted. Although 
results obtained may not be very well established, 
there are indications that the schematic model de
picted in figure 14 may be fairly representative of 
reality. The reflection points considered are to be 
found between the diagonal lines of table 6. 

Table 15 contains the times of rising of the ionizing 
radiations of the sun at each of the ionospheric re
flection points mentioned (see fig . 14 and table 6) 
together with sunrise times at these poinLs and re
lated zenithal distances. The altitudes of the night 
reflection points had been selected at 84 km (sec. 
6.2a). 

The times designated by the symbols A~, A i, B i, 
Ci, Fi, Ft and G~ (table 16) were selected whenever 
phase shift singularities were more or less apparent. 
Not all were chosen due to the fairly even variation 
of the recorded curves. 

9 59 99 15 28 

10 12 96 49 

]0 29 92 51 

11 24 79 50 

Examination of table 16 and the recordings, figures 
6, 8, and 10 leads to the following considerations: 

(1) Shifting of the phase of the NBA signal usually 
begins at times A i (i= 1,2,4) with zenithal distances 
of the sun with respect to the reflection points Di 
ncar 90 0 • 

(2) On the April 22, 1961 recording, figure 10, the 
initial phase shift occurs earlier at time Ai, when the 
zenithal distance of the sun is only 85,5 0 • 

(3) The singularities found at times BJ and B2 are 
peculiar to the recording of September 11 , 1960, 
figure 8. Relevant zenithal di.stances are near 94°. 

(4) At the times Ci (i= 1,2,3,5) zenithal distances 
fluctuate between 97 and 100 0 , distances d from the 
night reflection point to the layer formed by the 
ionizing radiations between 0 and 29 km. It can 
therefore be assumed that the times Ci are approxi
mately the setting times of the ionizing radiation at 
the night reflection points Er, respectively E~, E~, 
and Eg. 
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TilDe of sunset rrime of incidence of the last ionizLng sunray 
Reflection 

point or 
place 7.9.60 11.9.60 22.4.61 Z 7.9.60 J 1. 9.60 22.4.61 Z 

UT UT UT UT U'l' UT 

Neuchfitel 17h56m 17 h47m JSh25m 90°00' ----------- - ------------ --- --- --- --- ------- - --- -

D' , 19 3<1 19 26 20 06 9S 27 19h22m 19h14m 19 h53 111 96°33' 

E; ] 9 42 ]933 201<1 99 15 19 32 1923 2003 97 33 

D' , 21 02 2054 21 30 9S 27 20 51 20 43 21 19 9633 

m 21 07 21 00 21 36 99 ]5 20 58 2050 21 25 9733 

D' , 2207 22 01 222S 98 27 21 58 21 5J 22 IS 9633 

E~ 22 11 2204 22 33 99 15 2202 21 56 22 24 9733 

D' , 22 56 22 52 23 11 98 27 2248 2243 2302 9633 

E4i 2300 22 55 23 14 99 15 2252 22 47 23 06 97 33 

D' I 2~l 37 2333 23 45 9827 23 29 23 25 2337 9633 

p;' " 23 39 2335 23 48 99 15 2332 232S 23 40 97 3:3 

I 

TABLE 16 

Sunset 

7.9.60 1l.9.60 22.4.61 
A bscissa in Reflection I--- --------,----II---,-------:---I---,.-----c----
the fi g-lll'es point 
6, 8, and 10 UT Ii UT UT d 

km km km 
A,' D' , 
A I D' , 
B, D' , 19hOOm 

c, El 19 27 9648 _______ ___ 1934 99 25 31 20 18 99 51 39 

FI Ei 
A , D' , 
B, D' , 
c, Ei 

20 J4 

20 14 

2 1 02 

104 20 

89 48 

145 

J3 

2032 

20 56 

94 31 

9649 

c, Ei 2202 

9822 

97 33 ___ ____ ___ ______ ___ ___ __________ 2231 98 52 21 

P, E' 3 22 24 115 

A, D' , _______ ___ __ __ __ _____ _ ___ __ __ __ _ 22 24 

103 14 

92 11 22 31 8946 

9929 C, EX ___ _______ ____________ __ ___ ___ __ ___ __ _____ ____ _____ __ _ _____ __ __ _ 23 4V 32 

F, E' , 
llr: E: 
a,' E: 

2345 

2406 

100 41 

105 41 

56 23 <16 101 53 82 

]84 

25 21 

a, E: __ ________ _____ ___ ____ __ ________ ____ ____ __ ____________ ______ ____ 2540 

120 23 

124 31 

830 

10S0 

(5) At the times F 1, F3, and F5 but only on the Sep
tember 7, figure 6 and September 11 , 1960, figure 8 
recordings zenithal distances with respect to the 

> night reflection points Er, respectively Et E~, vary 
between 101 and 104°; the distances d would then 
be of the order of 100 km. 

(6) The times F!, figure 6, G! and G5, figure 10 
were indicated and relevant zenithal distances and 
distances d were computed, however, without 
permitting any significant conclusion. 

(7) The energy of the NBA signal «3) sec. 1), 

was plotted on the April 22, 1961 recording as a 
function of time (see sec. 7.3a, item 5) . The 
energy decreases after about 17 UT when the 
zenithal distance of the sun with respect to the day 
reflection point Dl becomes smaller than 85°. At 
time AT (Z= 85°36'), the function 1jA2 diminishes 
rapidly. A weak maximum is discernible at time 
01 as well as a bend at time ~= 03. This absorption 
curve shows a diminished energy during the time 
period between sunset at reflection point Dl and 
sunset at the last reflection point Dr. 
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8. Conclusion s 

Computation of angles o[ incidence cf> on the ground 
as well as the deduction of the altitude of the night 
reflection points were made possible by determination 
of the propagation I;nodes of the GBR signal (Rugby) 
and of the NBA sIgnal (Balboa). The altItude of 
the day r eflection points was taken from literature. 
Angles of incidence on the ground for the NBA 
signal vary between 0°27' and 1 °14'. These angles 
are much smaller than those derived from actually 
accepted mathematical theories [Wait 1961 , Wait 
and Conda 1961]. 

The detailed study of these propagation modes 
,v:as made possible by introducing the zenithal 
dIstances of the sun. A good accord was shown to 
exist between the zenithal distances computed for 
times selected on recordings with respect to the 
reflection points determined by the lTlOdel, figures 
13 and 14. The validity of the model is corrobo
rated by these relations. Zenithal distances of the 
sun show a recurrence of these values on various 
recordings : 

(1) Z~90° is the zenithal distance at which the 
altitude of the reflection point begins to increase at 
sunset. The altitude of the reflection point reaches 
the day value at sunrise. 

(2) Z~97 ° is the zenithal distance at which the 
onset of the ionizing radiation occurs at the nio'ht 
reflection poin ts. An increased phase shift b is 
frequ ently observed at this time. 

(3) ~ ~ 103 ° (f~)I' sunrise on the Balboa recordings 
only) IS the zemthal dIstance at which the layer 
formed by the ionizing radiations is still about ioo 
~ distan t from the night reflection point. This 
t Ime marks the beginning of the phase shirt of the 
JBA signal and is identical with the beginnin o. 

decrease of the night reflection point altitude. Th~ 
decrease of the altitude of the night reflection pre
cedes the onset of the ionizing radiation of the sun 
and substan tiates previous statements [Rieker 1960, 
sec. 3.5.2.3.]. 

The fact th at a similar phenomenon does not oecur 
on the GBR signal transmission is probably due to 
to th e higher altitude of the night reflection point 
(see sec. 4.4 ). 

At sunrise, the behavior of the energy generally 
reveals a pronounced absorption at thc time at 
which th e phase shif t, resulting from the decrease 
of the altitude of one ionosphere reflection point is 
about half completed . This absorption maximum 
occurs for zenithal distances of the sun varyinO' 
b etween 92 and 95°, figures 5 and 10. b 

At sunset, the energy reveals a minor maximum 
around 17 UT, figure 4, for a zenithal distance near 
94°. The NBA signal recorded in figure 10 m erely 
shows a weakenin~ of the energy durino' sunset on 
the path N euchatel-Balboa. b 

The absorption curves plotted under the record
ings of figures 4,5,10, and the zenithal distances 
included in the tables are only of a descriptive nature. 
The study of their behavior has facilitated the under
standing of the relation existing between sunrise 
and sunset in the ionosphere and the propagation of 
longwaves. Now that the general behavior of 
this relation appears to be known qualitatively and 
that the close relationship with the energy and the 
phase shift has become obvious, a study of the de
tailed quantitative b ehavior of the energy would be 
very interesting. This study would require, so 
it seems, a more direct method of absorption I 

measurement. 

We record oU!' gratitude to Dr. J. Bonanomi, Direc
tor of the N euchatel Cantonal Observatory, who 
made available the recordings as well as relevant 
technical data. 
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