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CHAPTER 1

INTRODUCTION

One of the most sensitive measures of a change in electron con-
tent in the lowest portions of the ionosphere is the received phase
of a VLF signal. Such measurements have been used for years to mqni—
tor sudden ionospheric disturbances (SID) in the lower ionosﬁgéfé.
Phase differences equivalent to a change of a few electrons per cm
or an effective ionospheric height change of less than 1 km can be
detected.

Project 6.11 had, as a requirement, a frequency standard with
stabilities of the order of a few parts in 1010 to be used as a time
signal source at each terminal in the HF sounder program. These
standards were kept on frequency by monitoring the 18-kc time-and-
frequency-standard signal radiated from the U.S, Navy Transmitting
Station, NBA, Balboa, Canal Zone. To synchronize the locali-standard
frequency with the 18-kc signal from NBA, the received phase of NBA
was compared on a day-to-day basis with the local standard. Correc-
tions to the local standard were made manually, based on several
days' measurements. The system required for recording the received
phase of NBA also contains data on the change in phase at the time
of the Fish Bowl events. This report describes these mecasurcments.

Twelve sites in the Pacific basin were installed under Project

6.11 to monitor the phase and amplitude of NBA signal. These sites

and the great-circle distance from NBA to each sitc are shown in

S E C R E T FORMERLY RESTRICTED DATA




frequency standard. Since the IF inputs to the two synchronous de-

tectors were in quadrature, the outputs, called X and Y, were:

Output X = A Sin ¢

i

Output Y = A Cos &,
where A was proportional to the amplitude of the incoming NBA signal
and ¢ was the phase angle between the incoming NBA signal and the
local standard, this phase comparison being made at 2 kc in this
particular design.

The two outputs were recorded on two1 sets of dc amplifiers and
simple Rustrak recorders. One set of recorders ran continuously at
3 inches per hour; the other set ran at 9 or 18 inches per hour at
times of interest. Calibration was accomplished by injecting a signal
at a frequency within 1/2 cps2 of the signal from NBA and recording
the peak-to-peak deviation on each of the two recorder channels.
This peak-to-peak deviation represents twice the input amplitude.

This calibration procedure was used at three signal levels to ensure

]Only one set of recorders is shown in Figure 1.2. At some sites,
two-track recorders were used and at others two single-track recorders
were used for each set.

2During normal operation, detector time constants of 2 to 4 seconds were
used. During calibration, a time constant of 0.1 second was used, thus
requiring the calibration signal to be within 1/2 cps of the system

center frequency.

15
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linearity and equal gain through the system for both the X-and Y-
outputs. Absolute field-strength measurements were not attempted,
although measurements were made on the antenna and pre-amplifier that
could be used to determine field strength.

The output records for 3-inch-per-hour recording speed are shown
in Figure 1.3. The upper two records are the output recordings fram
a single-track recording system (two recorders per set); the lower
record is from a dual-track recording system. Figqre 1.3 shows
several features pertinent to the phase and amplitude recording system.
NBA transmits a 0.3-second pulse each second, with some missing pulses
toward the end of each hour for identification of timeﬁ With the
2- to 4-second time constant in Fhe sysfem,.the avérage amplitude
(approximately 0.3 of the peak-pulse ampli;ude) is displaygd on the
recorder. From 4 to 7 minutes past ea;hlh;ﬁr, NBA radigtes a coﬁ_
tinuous signal. This key-down signal éhé@s as a pu}se e;chthour on
the records in Figure 1.3. ~Followipg th¢Agéy—doWn3_hg signal.is
transmitted from 7 to 10 minutes pa§£ eééﬁ.your. This:keyjup gives,
a zero input following each key-&p&ﬁ.%:EX'g§ing the key-up leyél.;s
zero, the amplitudes at the key—do&é:ﬁé;iodg cép'be seen to vary both
positively and negatively, This chgdéé.iﬁis§gn51 pélarity is caused
by a changing phase between the incomipgiNBA:sighalAand.fhé local fre-
quency standard.

The amplitude and phase data shown in the ﬁpper two graphs of

Figure 1.3 can be separated as shown in Figure 1.4, which is an

16
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orthogonal plot of the X and Y-outputs of the key-down times, The
amplitude, A, which is the distance from the origin to the point X,
Y, is

A (X2 . Y2)1/2.

The phase, &, which is the angle from the positive X axis to

the vector to the point X, Y, is

1

=<4

@ = tan—

The hourly values of X and Y obtained from the key-down signals are
shown in Figure 1.4 along with a smooth curve through the points
and represent the phase-amplitude behavior of the iwo records shown
at the top in Figure 1.3. No identification sequence was recorded
at 1100 GMT on 7 October. In such cases, the signal was read with
respect to a line through the zero levels on either side, and magnitudes
were adjusted in the ratio of l% to correspond to the other data.
For normal data processing, calculations of A and $ were made without
the visual display shown in Figure 1.4. For records whose calibra-
" tions showed a difference of over 10 percent in recorded amplitude
bhetween X and Y, Y was normalized to X before calculating A and 5,
Data to provide background information were read continuously
from the records gathered between 1 July and mid-November, wherever
possible. Readings were taken from the hourly periods of continuous-
wave signal and referenced to the zero level immediately following,
in the transmitter sequence (see Figure 1.3); magnitudes were read

in the arbitrary units printed on the record tapes. The traces were

17
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examined in the intervals between readings to determine direction of

phase variation, These quadrature-component readings were then con-
verted to phase and amplitude, and plots were made showing phase

angle (containing both propagation-phase variations and local-oscillator
drift) vs, Greenwich Mean Time (GMT) for consecutive diurnal periods.
Figure 1.5 shows such a plot of phase in the upper graph.

In order to compare diurnal phase variations between respective
days, it was necessary to remove from the phase data the average
oscillator drift-slope for each day. This was done by assuming that
ionospheric conditions would be repeatable during the hours near
mjdpath midnight (0905 GMT for the data shown in Figure 1.5) and by
connecting the phase points at this time on each consecutive day by
a straight line (see Figure 1.5, upper curve). Theoretically, such
lines should be chords between points on a parabolic arc representing
oscillator output, in cycles, vs. time; but as there is some ionospheric
effect at midpath midnight (especially over the northern paths in
summer), this method gives only a first approximation of the average
drift-slope over each day. Whenever anomalies occurred in any diurnal
period (e.g., long off-periods, changes to receiver equipment, or
nuclear-test events), the method followed in establishing slopes for
that period was to bypass the affected day and re-establish slope
variation on the first day following for which complete data were
available. It was usually possible to extrapolate backward and forward
in time well enough to estimate slope behavior, unless the oscillator

drift was high (12 cycles per day or more).
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Whenever it could be discerned that adjustment had been made to
the frequency standard that was used as the local oscillator for the
NBA receiver, a new slope-variation pattern was sought and established,
if possible, in the phase data for the subsequent period. It was
assumed that no other occurrence could cause a change in the pattern
6f daily drift-slope variation.

In the case of nuclear test events, it was always possible to
work backward in time to establish a reasonable drift-slope variation
through the affected day, provided data existed. In many cases, this
meant assuming that a one-cycle phase advance occurred shortly after
the event, too rapid to be shown by the data system. Whenever an
event occurred in close proximity to and ahead of the midnight phase
point, points prior to H-hour were used to ofient the drift-slope,
unless the average of the background phase-characteristic curves
indicated that such a procedure was invalid. In the latter case, and
when midnight points were taken a number of hours after H, a 2-day
average was used to estimate the slopes for the days affected.

Once drift-slope variation had been established for a number
of consecutive days, normalized curves of the diurnal phase varia-
tion from midpath midnight to midpath midnight were drawn, by plot-
ting the difference between the raw phase points and the average
drift-slope at each hour of the day. Diurnal plots of phase,
as shown in the lower curve of Figure 1.5, were made for each
path, giving a good indication of the average diurnal phase-

characteristic curve. A typical diurnal-phase plot is shown in the
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lower curve of Figure 1.6. The spread in phase values at a number
of different times of day throughout this diurnal phase plot gives
an idea of the validity of assuming repeatable ionospheric effect
at midpath midnight. Amplitudes were also compared in this manner,
as shown by the upper curves in Figure 1.6. The gaps in the curves
are periods for which no usable data were obtained. Such plots{
showing days before, after, and including events were made for
this report. Amplitudes sometimes appear on these plots without
corresponding phase data; phase was considered invalid in such cases
because of extremely low signal or because of recent oscillator
adjustments.

Records were read in more detail at periods near event time,
in order to facilitate establishment of drift-slcpe variations
and to show the post-event phase variations that were resolved by
the system, These phase points were added to the raw data curves,
By following phase variation backward in time, then, evidence of
a recovery from some advanced phase-shift position was apparent in
many instances. If, in such cases, drift-slope variation through
the period affected by the event could only be made to fit the
proper oscillator-drift pattern by assumption of a large post-
event phase advance, the phase-characteristic curves were adjusted

accordingly, and the shift was incorporated into the raw data at
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H+0 minutes.3

Plots of raw phase detail were then made on an expanded time
scale, normalized to the drift-slopes established as discussed
,abové, and compared to the diurnal ﬁhase curves for the period
immediately'surroundiﬁg the time of tke évent. Whenever the nor-
malized diurnal phase chanacteri;t;cs taken within a week of the
evenE showeﬁ an gyerage.grpuping for the hours of interest (H - 1
to H +.3 Hou;é), a median curve was.selgcted. The difference between
this median géckéiqundtcurvg and the.normalized phase-detail curve

“for the event ‘was then plotted, to show the deviation in phase from
normal cau;ed by the event.’ Thésé phéseJdeviatiéﬂ curves are not
labél%q:as sﬁbh; any.dét;il ph%;e curve‘that is unlaseled reﬁre-

’ senfélthe éhangg frém‘normaljpgéée-v;r}afions that is caused by the

parﬁiculéﬁ ;Yent; ;Iﬂ"a iew.instaﬁcéé, it was‘pgssiblg to establish
reasqnabie dpiitqgibpé va;iatién'in ;pit;,éf.irregular appearance of

ftﬁé‘diurnal charadﬁeristiciéurves, but comparison of é&ent effects

?}@portaht‘ﬁggg:. The térms'ﬁ,—Lb ahd‘H.+'0-minutes, used tﬁroughout
thié.rebo}ﬁ;frefef'f5-tﬁe.lés£.boiné of a fecord trace rgcognizable
aéfﬂéiné before the event and to th; fﬁrst point that is definitely
after the event, reééeét%veiy.. The average response time of the data
sy;tem used was near 0.2 minute, so that dati correlate within about

© 0.2 ﬁinﬁte-gmong the'r;cérds ffom the différent sites aﬁd within

about iQ.i minute of real time in each separate instance.
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with background curves did not seem valid because of such irregular
behavior. Such phase-detail data are shown with the local standard
drift removed and are labeled?ﬁormalized Phase! A third class of
detail phase curves is presented. These represent periods for which
very few data other than those showing the immediate effects of the
event are available, so that it was not possible to establish a drift-
slope for the day of the event. These curves, showing data based

on the minimum of evidence in the form of the data obtained directly
from the ¥-and Y-records, are labeledﬁRaw Phase? When a phase advance
is shown on one of the Raw Phase detail plots, it has usually been
inserted by the analyst in lieu of his other choice: that of showing
a retardation in phase caused by the event. Readers should be cautious
of accepting these as representing evidence on a par with other data
presented, although there are a few exceptions which will be explained
in the discussion of the events.

Diurnal amplitude data and detailed amplitude data without nor-
malization are shown for each event. Key-down values are reduced to
0.3 amplitude for direct comparison with non-key-down data. The
amplitude data are presented to show the change in amplitude, and not
absolute values.

The data-reduction method outlined above was used to obtain
background data for the entire period 1 July through 16 November 1962
and to obtain more detailed data showing variations, if present,

through the event times indicated in Table 1.1. If records taken at
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event time showed no abnormal variation, detailed investigation was

not made, but drift-slope variation was checked for consistency.

The results obtained for the periods of interest are presented in the

following sections, in the order of events shown in Table 1.1.

. The discussion of results assumes the following general approach:

(D

(2)

(3)

(4)

Diurnal Amplitude data are presented for a number of days

in the event-related period. Scales are shown with each of
these curves, but they are relative to individual system
parameters, and should not be used for any quantitative

comparison between sites or events.

Diurnal Phase data are presented for the same period as

amplitude data. The phase curves have been normalized to
the daily average oscillator drift-slope to allow comparison;
the scales, in radians, are oriented to the drift-slope as
zero. Phase advance is shown in a negative direction.

Amplitude Detail is presented for a 140-minute period at

event time. Scales shown are the same as those shown for
diurnal amplitude data. Variations in the data are discussed
in reference to pre-event conditions, with the pre-event
level called unity.

Detailed Phase data are also presented for the 140-minute

period at event time. In discussion of details, phase changes
are described in reference to pre-event conditions, that is,

the change in radians from pre-event value. The scale, in
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radians, has an arbitrary zero reference; phase advance is

shown as a negative shift.

in one of three forms:

Phase detail plots are shown

(a) Phase Deviation represents the difference between

the event data and an average of the characteristic

curves during the event-related period. Strict compari-

son cannot usually be made between these curves and the

diurnal phase curves for the same period. These plots

represent phase change with respect to average back-

ground,

They are not labeled in the figures.

(b) Normalized Phase plots have been used when deviation

comparisons could not be made.

These curves represent

data in the same form as used in the diurnal phase

plots and are labeled.

(¢) Raw Phase data, presented when no usable background

data was obtainéd, are shown to demonstrate the presence

of event effects.

the oscillator drift.

TABLE 1.1

Variation in these curves includes

FISH BOWL EVENT NAMES AND TIMES

Name

Star Fish
Check Mate
Blue Gill
King Fish
Tight Rope

Date

9 July
20 October
26 October
1 November
4 November
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Time GMT

0900:09
0830:00
0959:48
1210:06
0730:00
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Figure 1.6 Diurnal amplitude and phase comparison plots for four
consecutive days in July at Okinawa.
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CHAPTER 2

STAR FISH

2.1 GENERAL

For the Star Fish event on 9 July 1962, records were obtained
at all sites shown in Figure 1.1 except Fairbanks, Okinawa, and Ra;o;”
tonga. Data were obtained at the remaining nine sites, with all sites
noting effects of the event. Figures 2.1, 2.2, and 2.3 show diurnal
phase and amplitude data; Figures 2.4 through 2.8 show phase and
amplitude details from 20 minutes before until 2 hours after the
event, (Figures are given at the end of the section. The order of
presentation has no significance.)

The Star Fish event occurred at 0900:09 GMT on 9 July 1962.
Ground sunrise at NBA was at 0949 GMT,so that for some 50 minutes
after the event all paths were in darkness. From 0904 to 0907, NBA
transmitted a CW signal, then was off from 0907 to 0910, a sequence
repeated at hourly intervals., For the remaining time, NBA was trans-

mitting time pulses with a 0.3 duty cycle,

2.2 PALO ALTO

The diurnal amplitude and phase variations of the NBA signal as
received at Palo Alto are shown in Figure 2.1 (top). Three consecutive
days about the event day are represented. For the NBA-to-Palo Alto
path, midnight was taken to be at 0800 GMT, about one hour late. The

amplitude curves show good conformity with a slight diurnal variation,
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being higher through the morning hours. The spread at 1300 is un-

explained; however, ground sunrise at Palo Altolbccurs at ‘about

1300 GMT. On the day of the event, amplitude was slightly high Just
prior to the event, was attenuated significantly at event time,
recovered to normal within a few minutes, and remained essentially
hormal throughout the day.

The diurnal phase curves show fairly close conformity if the
phase change at the event is assumed to be as shown., The curve for
10 through 11 July is close to an average for the period near the
event. The event-day phase curve does not deviate significantly
from normal except for the period H to H + 30 minutes, when it under-
goes an abnormal advance. The diurnal phase data shown in Figure 2.1
tend to indicate that the midday change in phase is reduced on event
day and has partially returned on the following day. However, the
data at Palo Alto for Star Fish are very limited, and such conclusions
must be doubted.

Phase deviation and amplitude details at Palo Alto are shown in
Figure 2.8 for the period around event time. An erratic variation
occurs in both curves just prior to H (event time); this is probably
attributable to noise. In terms of average amplitude level prior to
H, the amplitude curve shows immediate attenuation to 0.5 at H, and
further rapid decrease to 0,25 at H + 0.5 minute, An immediate
increase follows, before H + 1 minute, to a comparative level of 0.5;

there is another decrease from that point at H + 1.5 minutes to 0.25
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of the pre-event level. This second minimum in the amplituds corre-
sp?nds to thé raﬁid phase advance crossing Zero, as shown on the phase-
deviation curve. Amplitude level then increases very rapidly to 0.75
at H + 4 minutes, where constant level is maintained through H + 1
hour. There is a slight increase by H + 2 hours. The signal amplitude
is essentially at normal level after H + 10 minutes,

The phase-deviation curve shows an apparent slow retardation
from H to H + 1.5 minutes of about 0.1r. At H + 1.5 minutes, an
immediate advance of 0.3x occurs, and continues to 0.6x by H + 4
minutes. After the off-period, phase is recovering from 0.7x at H + 10

minutes to normal by H + 1 hour, at a gradual rate.

2.3 MIDWAY

The diurnal phase and amplitude data for NBA as received at Midway
are shown in Figure 2.1 (bottom) for three consecutive days‘about the
event. Midpath midnight is at 0800 GMT. Both the amplitude and phase
curves show consistent agreement in diurnal variation, though data
are sparsely distributed. The amplitude curve for 9-10 July (event
day) averages higher than normal for the hour before the event,
There is a large attenuation at H, immediate partial recovery, another
period of attenuation near H + 30 minutes, and recovery to normal
level near H + 1 hour; then,signal level follows diurnal variation
for the remainder of the day.

The phase curve for 9-10 July had been oriented to show an ad-

vance of almost one cycle at H, bringing the curve into near coinci-
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dence with the background by H +.3 hours, and showing close corre-
spondence with the normal diurnal variation for the remainder of the
day. Sunrise effect predominates over event effect by H + ;.5 hours,

Details of phase deviation and amplitude around Star Fish event
time at Midway are shown in Figure 2.7. Referenced to the pre-event
level, amplitude shows an attenuation to 0.5 immediately at H; it
decreases further to less than 0,1 at H + 1 minute, and to about
0.05 at H + 2 minutes. There is a general increase to about 0.5
at H + 6 minutes, where the level remains until after H + 13 minutes.
Gradual attenuation to 0.2 at”H + 25 minutes follows; then, signal

.level increases slowly toward 0.9 at H + 2 hours., Recovery to normal
level has essentially occurred by H +1.5 hoﬁrs.

The phase-deviation curve in Figure 2.7 shows an advance of 1.8x
at H, and rapid recovery from there to about 1.0 at H + 13 minutes.
Recovery is checked at 1.0x until H + 25 minutes, then continues
gradually through 0.8x at H + 1 hour and 0.6 at H + 2 hours, becoming

complete by about H + 3 hours.

2.4 KAUAI

The diurnal phase and amplitude data for three consecutive days
about the Star Fish event time for Kauai are shown in Figure 2.2
(top). The curves show good agreement in both cases, except for a
few hours of the day. Midpath midnight is taken as occurring at 0900
GMT. Diurnal effects shown in the amplitude data are slight, with the

signal exhibiting greater variations during the hours of darkness,
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The event-day amplitude curve shows large attenuations at H and H +
30 minutes with apparent recovery between, and low signal, on the
average, from H to H + 3 hours. There is considerable scattering of
the readings in the interval H + 1 to H + 5 hours.

Phase points on the event-day curve are scattered following the
event. The phase advance of event time persists until the sunrise
effect at about H + 4 hours. The phase variation approaches normal
by H + 6 hours, although it appears to show some advance over normal

until H + 14 hours.

Figure 2.5 shows details of phase deviation and amplitude through

the Star Fish event at Kauai. With respect to the pre-event level
(average), the amplitude undergoes attenuation to about 0.5 at H;
at H + 2 minutes it increases rapidly, reaching about 1.0 by H + 4
minutes, then continues more gradually until it reaches 1.15 by
H + 7 minutes. From H + 10 minutes, when signal reappears, until
H + 30 minutes, the level drops from 1.0 to 0.4, then rises gradually,
on the average, through H + 2 hours.

The initial phase advance appears to be in two stages: Immediately
at H, the phase advances by 0.8n1; there is a pause there for about 1
minute; then another rapid advance follows, to 1.4x at H + 4 minutes.
This second phase advance is accompanied by the amplitude increase
at H + 2 minutes. There is a gradual recovery, starting at H + 2
minutes, to a phase advance of 0.81 at H + 25 minutes. Another advance
follows to 1.21 at H + 40 minutes; final recovery begins from there,

appearing very gradually.
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2.5 SOUTH POINT

The diurnal phase and amplitude variation of NBA as received at

South Point is shown in Figure 2.2 (bottom) for three consecutive

days about the Star Fish event. Midpath midnight is at

Amplitude on event day shows a large attenuation, and a

1000 GMT.

final recovery

in the first 3 hours after the event. The average during this time

is below the diurnal trend of the background signal ampl

becomes quite high, compared to the background, between

itude; it

H + 3 and

H + 7 hours, apparently an enhancement of sunrise effect. Signal

level begins to follow the usual diurnal trend by about

but the spread in data makes the time indefinite.

H + 1Z hours,

The diurnal phase curves show closer grouping; a phase advance

is evident from H to H + 11 hours, obscuring the normal sunrise effect.

Data are missing from H + 15 to 24 hours, but conditions seem normal

both before and after that period.

Details of amplitude and phase deviation near event time for South

Point are shown in Figure 2.4. With reference to the average value

before H as unity, amplitude decreases abruptly at H to

about 0.3,

returns more gradually to about 1.0 by H + 7 minutes, and decreases

gradually fram 1.0 at H + 10 minutes to 0.15 by H + 1 hour, when final

recovery begins.

The initial phase change seems to be in two stages}

tion advances by about 1.2nx by H + 1 minute, pauses there for 1 minute,

then shows a further advance to 1.8% at H + 3 minutes.
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is held until H + 5 minutes; then,there is a gradual recovery to 1.4m

at H + 40 minutes, another advance to 1.8m by H + 70 minutes (too
early to be sunrise effect), and a very slow final recovery lasting

from then until H + 11 hours.

2,6 VITI LEVU

The diurnal variations of phase and amplitude are shown in
Figure 2.3 for three days about the event at Viti Levu. The day
after event is not shown: the data were very doubtful, showing a
reversed phase characteristic. Midpath midnight is at 1000 GMT.

The amplitude data are so spread that no diurnal variation is readily
apparent. The amplitude curve around the time of the event is below

the expected level. At event time, there is a sudden attenuation

and an early return to about the pre-event level. There is attenua-

tion again at about H + 3.5 hours; this mayjbe sunrise effect.

The diurnal phase curves show more conformity than do the ampli-
tude curves, but much scattering is evident. In the phase curve for
9 July, an advance of one cycle has been inserted at H to establish a
consistent local-standard drift-slope. The deviation from H until
H + 4 hours is considerable, obscuring any diurnal effect. Phase
does not return to its normal diurnal characteristic until about
H + 10 hours,

Phase deviation and amplitude details at Viti Levu are shown in

Figure 2.4. With the pre-event average level as a reference, the signal

amplitude shows attenuation to 0.4 by H + 0.5 minute, with a further
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drop at H + 1 minute, reaching a minimum of about 0.2 by H + 4 minutes,
By H + 15 minutes a comparative level of about 0.75 is reached. This
approximate level is maintained toward H + 2 hours, with a rising
trend then becoming apparent.

Phase change is in three stages, apparently, There is a phase
advance of 2.6n immediately after H, pausing there for 0.5 minute, then

)

a very rapid phase advance to a total of 3.2x at H + 1 minute, followed
by another 0.5-minute pause, and finally a rapid advance to a total
of 3.51x at H + 4 minutes. There is a rapid recovery hetween H + 4
and H + 7 minutes, to 2.6x. At H +.10 minutes, there is a gradual
advance, reaching 2.9x by H + 40 minutesk followed by a slight re-
covery at H + 50 to 65 minutes and a gradual advgnce lasting until

H + 5 hours.

2,7 TUTUILA

Diurnal variation is not shown because of the many gaps in the
data, Fortunately, there was good agreement for the hours.around
the event, so that comparison could be made.for ;he detail curve of
phase deviation. Phase deviation and amplitude details for Tutﬁila
are shown in Figure 2.5. The phase curve shows an advance of 1.2x
at H, a slight recovery to 1.1x between H + 7 and H + 15 minutes, a
gradual advance to 1.4n by H + 45 minutes, and a very slow recovery
from that point, remaining at almost constant deviation through H + 2

hours. Recovery is apparently complete by H + 7 hours.
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Amplitude changes, referenced to the pre-event average, show an
attenuation to 0.35 between H and H + 1 minute, a gradual decrease to
0.15 by ﬁ + 5 minutes, a very slow recovery from 0.35 at H + 10
minutes, reaching normal level by H + 65 minutes, after which the

curve follows the normal diurnal variation.

2.8 CANTON

For the Star Fish event, data on the received signal from NBA

at Canton were very sketchy,so that diurnal behavior and local standard

drift could not be determined. Amplitude and raw phase details are
shown in Figure 2.6. Referenced to the pre-event average level, the
amplitude curve shows attenuation immediately at H, to 0.3, drops to
less than 0.1 at H + 1 minute, returns to 0.3 at H + 3 minutes, and
falls again to 0.15 at H + 5 minutes. There is a gradual increase
to 0.4 by H + 55 minutes, after which data were lost until H + 90
minutes. Signal is at the same level when next seen, and rises to
about 1.0 by H + 2 hours, this being approximately thevpre-event
signal level.

The phase does not advance appreciably until H + 1 minute. The
H + 0 reading that corresponds to the sudden signal attenuation,

indicates a 0.047 retardation. A rapid advance of 1.6T is recorded

at H + 1 minute. (These phase data are assumed to be an advance,
otherwise the data would show phase retardation of 0.47.) Rapid
partial recovery is shown, to 1.27 at H + 3 minutes, followed by a

continuously advancing phase to more than 2m by H + 1 hour. After
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the break in signal recording, phase was apparently beginning tovre-

cover, but was still advanced by more than 2r.

2.9 WAKE

At Wake,there were several local~frequency-standard adjustments
a few hours prior to the Star Fish event, so at event time the local
standard was too unsettled to allow a reasonable estimate of drift-
slope, The slope is only known to be positive, and is probably less
than 0. 2n radian per hour. Therefore, the phase data from NBA re-
corded at Wake are presented in raw-phase form, Details of amplitude
and raw phase are shown in Figure 2.6,

The phase of NBA shows a very rapid advance of 0.5n from H to
H + 1 minute, very slight recovery between H + 11 and H + 12 minutes,
to about 0.2, then gradual recovery from H + 12 minutes through
H + 2 hours. It is impossible to tell when phase returns to normal in
these data, but it has certainly done so by no later than H + 7 hours
and possibly as soon as H + 1 hour.

In terms of the level prior to H, amplitude decreases immediately
at H, by H + 1 minute has reached 0.25, where it remains until H + 4
minutes, then increases slightly to about 0.3 at H + 7 minutes. The

level is seen to be decreasing gradually after the off-period (H + 10

minutes) to a minimum of 0.1 at H + 40 minutes. Thereafter, the average

level remains low until H + 7 hours.
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2.10 ROI~NAMUR

The phase deviation and amplitude detail data from Roi- Namur
are shown in Figure 2.7. The background phase-characteristic curves
for the week of the event are very irregular throughout most of the

day, showing phase to be retarded at noon in some cases. The drift-

slope variation is reasonable, however, and the background is consis-

tent for about 4 hours either side of midpath midnight (0900 GMT),
so that it was possible to arrive at phase deviation for the detail-
phase curve,

Amplitude variation, relative to the average pre-event level,
shows attenuation at H + 0 to 0.15, remaining constant at that level
from H + 0 to H + 3 minutes. There is a return in amplitude to 0.5
by H + 7 minutes. A rather slow decrease begins at about H + 25
minutes, to about 0.3 by H + 45 minutes. The low level near 0.3 is
maintained as an average until H + 5 hours, but there are a number
of fades between H + 2 and H + 5 hours. Signal appears normal by
H + 6 hours,

Phase deviation advances by 27T at H, then remains essentially
constant until H + 7 minutes, and has not changed appreciably after
the off-period. Partial recovery starts at H + 16 minutes, returning
to 1.6m at H + 20 minutes. After H + 25 minutes, the phase gradually

returns to normal by H + 5 hours,
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2,11 SUMMARY

The NBA phase and amplitude recordings at nine sites during the
Star Fish event show some general characteristics and some individual
phenomena unique to a particular location., The general features are
probably fact, while some of the individual differences may or may
not be real, due to their magnitude being near the minimum readable
signal.

There was an immediate phase advance at all sites except Canton
and Palo Alto. This phase advance reached its maximum in one step at
Roi Namur, Wake, Midway, and possibly Tutuila. At South Point and
Kauai, there were two stages of phase advance,and at Viti Levu,there
were three stages of phase advance, all occurring within 3 minutes
after the event. At Canton the major phase advance occurred 1 minute
after the event, At Palo Alto the phase advance was delayed until
1.5 minutes with an additional slower advance lasting 'to 4 minutesi
These delayed phase advances at the various sites appear to be time
related. Recovery of phase in general takes at least 6 hoursr

Amplitude of the received signal from NBA showed an immediate
attenuation at event time at all sites., This attenuation lasted in
general less than 4 minutes before recovery started. At South Point
and Kauai, amplitude recovery was complete by 4 minutes, followed,
possibly, by a second gradual attenuation of signal. At the other
sites, the recovery at 4 to 10 minutes was partial, followed by a

gradual recovery in amplitude.
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Figure 2.1 Diurnal amplitude and phase at Palo Alto and
Midway, Star Fish.
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Figure 2.3 Diurnal amplitude and phase at Viti Levu,
Star Fish.
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Figure 2.8 Amplitude and phase detail at Palo Alto, Star Fish.
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CHAPTER 3

CHECK MATE

3.1 GENERAL

The Check Mate event occurred at 0830 GMT, on 20 October 1962,
Records were obtained from all twelve sites; eleven showed effects
of the event, Fairbanks being the exception. Figures 3.1 through
3.4 show diurnal amplitude and phase data for the event-related
period. Figures 3.5 through 3.10 show details of amplitude and phase
variation near event time. (All figures for the Check Mate event
are at the end of this chapter,) |

The hourly off-periods for the NBA transmitter are not shown
on the curves, because the first one after the event was at H + 37
minutes, when variation in the data was less pronounced than in the
first 20 minutes following the event. Ground sunrise at NBA was about

1108 GMT.

3.2 OKINAWA

The diurnal phase and amplitude variations of the received NBA
signal at Okinawa are shown in Figure 3.1 (top) for five days asso-
ciated with the event period. Four consecutive days are shown,
beginning with the day before the event. Midpath midnight was taken
at 1100 GMT, but it is evident from tﬁe spread in the phase curves
that ionospheric conditions were not undisturbed in the hours near

this selected midnight. This is to be expected on such a long

northern path. 51
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The amplitude data show good agreement at all hours of the day.

An appreciable éttenuation is apparent in the event curve at eveut
time. Recovery to normal signal level is early, near H + 30 minutes;
and the curve follows the recorded diurnal variation throughout the
rest of the day. A phase advance of 1.8% occurred at event time.

A two-day average was used to obtain the drift-slope on event“day

and the day before event. The event-day curve shows a large deyiation
from normal until about H:+ 6 hours and returns to normal by H + 7
hours,

Details of phase deviation and amplitude at Okinawa are shown in
Figure 3.6. Amplitude, compared to the average level before H, falls
immediately to less than 0.1, then rises abruptly to 0.35 at H + 0.5
minute. There is no appreciable change from there to H + 3 minutes;
then,the level decreases again at H + 5 minutes to 0.1, recovering
from that point to 0.7--which is about normal--at H + 10 mimutes.
This normal level is essentially maintained through H + 2 hours.

The phase-deviation curve shows an advance of 1.8n at H, very
rapid partial recovery to 1.4n at H + 2 minutes, and another more
gradual advance to 1.7rx by H + 10 minutes. There is slight scattering
of the points during the period of low signal. A gradual recovery
follows, to 1,2x by H + 33 minutes. A comparison of the Okinawa
phase data, presented in Figures 3.1 and 3.6, shows the effect of
removing normal phase behavior from the data to obtain the effects

due to the event.
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3.3 MIDWAY

The diurnal phase and amplitude variations of the NBA signal
received at Midway are shown in Figure 3.1 (bottom) for three con-
secutive days about the Check Mate event. Midpath midnight is at
0800 GMT. The diurnal amplitude curves show excellent correspon-
dencé, although signal level is relatively low. A slight diurnal-
variation pattern is‘evident. There is definite attenuation at the
event, but the effect is not great and of short duration, less than
15 minutes.

The phase curves show some spread, but agreement from day to
day is still good. The low signal level causes some scattering in
the phase readings. A very rapid phase recovery is notable in the
event-day curve, which approaches normal near H + 2 hours, and
probably returns to diurnal variation before H + 5 hours, since
behavior near H + 4 hours is in doubt. There is a possibility that
phase deviation between H and H + 2.5 hours is more drastic (by one
full cycle) than that shown, since the variation near H + 4 hours
is in doubt. Evidence does not seem to indicate that a phase
shift of more than one cycle occurred, however.

Figure 3.5 shows details of phase deviation and amplitude at
Midway for the Check Mate event. There is a small immediate decrease
in signal level at H to 0.7 of its pre-event value, followed by a

gradual increase to the former level by H + 20 minutes, and to about
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1.5 times the former level by H + 2 hours, The level is essentially
normal after H + 15 minutes.

The phase-deviation curve shows an advance at H of about 1,1x
and almost immediate partial recovery to 0.6x at H + 2 minutes.
Thereafter, phase recovery is more gradual, reaching 0.4x at H + 10
minutes. The deviation then'remains about constant through H + 1.5
hours except for a slight retardation at H + 28 minutes to 0,3n,
and advance to 0.45x at H + 35 minutes. By H + 2 hours a gradual
advance has begun, which continues to H + 2.5 hours, when data were

lost. Phase has become normal by H + 4.5 hours.

3.4 KAUAI

The diurnal phase and amplitude variation of the NBA signal
received at Kauai are shown in Figure 3.2 for three consecutive days
about the Check Mate event. Midpath midnight is taken at 0900 GMT.
There is excellent agreement among the readings in both sets of curves
for most hours of the day, but amplitude is in some disagreement near
midnight., The amplitude data show a clear diurnal effect. No event
effect is readily apparent, as the spread in readings makes comparison
doubtful,

A two-day average was used to estimate the drift-slope for 19-20
October and 20-21 October (0.1n/hour), since there was scatter in
the readings taken for 2 hours prior to the event. The curve drawn
before H is an average of the readings taken. This method causes the

event curve to shift slightly upward from normal prior to H, but the
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effect is compensated for in the phase-deviation plot (Figure 3.6).
The agreement among the pﬁase curves is surprisingly good after
1500 GMT. After the initial advance and recovery within 40 minutes
after H, the event produced no pronounced effect.

Details of phase deviation and amplitude at event time are shown
in Figure 3.6. Recording levels were low between H - 5 and H + 5
minutes. The amplitude curve shows an increasing trend through the
scatter of readings until H, then a decreasing trend, (to the H - 10-
minute level) by H + 5.minutes. - Signal -level :is about .constant between
H+ 5 and H + 20 minutes, then increases to 1.5 times the H - 10-
minute level. The phase-deviation curve is an average of scattered
points ($0.1m) between H - 6 and H + 3 minutes. It shows an advance
of about 0.6m at H, rapid recovery to about 0.37 by H + 3 minutes,
and no change from there to H + 5 minutes. Phase then recovers
gradually to normal. Diurnal effect becomes apparent after H + 1.5

hours.

3.5 TUTUILA

The diurnal phase and amplitude variation of the NBA signal
received at Tutuila are shown in Figure 3.2 (bottom) for the Check
Mate event, for event day and the day after. Midpath midnight is at
1000 GMT. Recording level is low on these records, except in the
hours near noon. The diurnal amplitude data show some agreement,
and diurnal effects are readily apparent, but it is impossible to

evaluate well the behavior of the event curve between H - 30 minutes
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and H + 1.5 hours. The average level through this period is low
befor; anc after H, rises near H + 30 minutes, falls to about the
previous low-level near H + 1 hour, and rises to about the level of
the following day near H + 1.5 hours.

There is better agreement between the two diurnal phase curves. v
The 21-22 October curve is fairly representativé of the diurnal
characteristic for the weekly period near the event; the event data
follow it closely after H + 1 hour. Slight phase advance is shown at
H, but the most significant -effect is a retardation near H + 30
minutes.

. Details of phase deviation and amplitude are shown in Figure 3.9.

The amplitude curve shows considerable 'scatter in the readings, attri-
butable to low-level recordings. There is possible evidence of
"~ attenuation after H, However, on the average, signal level remains
at approximately the pre-event level for the period shown.

Thé phase-déviation curve shows an apparent advance of 0.1x .
between H and H + 1 minute, but it could well be a result of scatter
in the readings,

A significant, gradual retardation shows between H + 2 and H + 20
minutes, to a maximuﬁ de;i;tion of 0.5n. Slow recovery takes place
from that point until H + 65 minutes when phase is essentially normal.
The rates of change of slope and drift rates for these data make it
impossible to assume a 2n phase advanee at H thaf the system would

not have followed. § : ;i ¢
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3.6 CANTON

The diurnal amplitude and phase of tﬁe NBA signal received at
Canton for three days around the time of the Check Mate event are
shown in Figure 3.3. Midpath midnight is 0800 GMT. The diurnal
amplitude curves show a pronounced diurnal effect after local (midpath)
noon, and there is reasonable conformity among the three curves. A
slight attenuation shows after H in the event curve; another larger
attenuation shows near H + 30 minutes; and signal appears low until
H + 5 hours. However, there is no marked effect as is seen in data
for other events.

The diurnal phase curves show closely grouped readings through-
out much of the day, in spite of sparse data. A one-cycle advance
was inserted at the event to bring the drift-slope for event day into
correspondence with those of the background days; Scatter is evident
in the readings for the first hour after H, but the curve evidently
shows abnormal phase advance until H + 8 hours. The diurnal effect
is evident in the data after H + 4 hours.

Details of phase deviation and amplitude are shown in Figure 3.5
for a period of 2.5 hours about the Check Mate event. Signal levels

are low on the record for this period, and time resolution is poor.

The amplitude detail shows no definite pattern through the event;
it indicates only a gradual general attenuation to about 0.5 of the

pre-event level, which lasts until H + 1.5 hours, when the signal

level begins to increase toward normal. The accuracy of the readings

is poor until about H + 1 hour.
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The phase-deviation curve shows a rapid advance of about 1.8x

between H and H + 2.5 minutes., There is a *0,2n scatter in the read-
ings, due to the small signal level. An average through the curve
shiown should be assumed for the phase variation. There is indica-
tion of a fairly rapid partial recovery after H + 3 minutes, to about
1.0n by H + 40 minutes. The data are more accurate by H + 40 minutes
and show a further phase advance, more gradual how, to 1.4t by H + 2
hours. Near H + 3 hours, there is an apparent partial recovery, which
seems to show diurnal effect. The normal conditions are reached by

H + 8 hours.

3.7 VITI LEW

The diurnal phase and amplitude variations for the NBA signal
received at Viti Levu are shown in Figure 3.4, Five consecutive days
about the Check Mate event are represented. Midpath midnight is
1000 GMT. There is poor agreement among the amplitude curves, although
a diurnal variation is clearly evident. There is a large attenuation
in the signal level at H, followed by early recovery. Comparison with
an average normal amplitude curve for this period.would probably be
meaningless.

The diurnal phase curves show excellent agreement, The drift-
slope variation through the period has been established without doubt,
and the slope is not extreme (4.8 cycles per day). Since there is no
evidence for assuming a one-cycle phase advance at H, the event
curve has been drawn to show phase retarded by the event, an anomalous

effect. Recovery to normal occurs within 2.5 hours after H.
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Details of phase deviation and amplitude at Viti Levu are shown

in Figure 3.9. Amplitude falls abruptly to about 0.8 of the pre-event
level at event time. Average signal level seems to have recovered
fully by H + 20 minutes.

The phase-deviation curve shows a retardation of 0.47 immediately
at H, rapid recovery to 0.2m at H + 2 minutes, and then further retar-
dation to about 0.97 at H + 20 minutes. (Scatter of 10.057 is evident
in the readings until H + 10 minutes.) Final recovery begins by H + 35
minutes and continues gradually through H + 90 minutes, when phase

is essentially following the normal diurnal pattern.

3.8 BSOUTH POINT

There were only 15 hours of usable data available from South Point
in a five-day period about the Check Mate event. These were consecutive,
beginning at H - 30 minutes on event day. As a result, phase data
are shown in the raw form, with corresponding amplitude, in Figure 3.7.
These are the only curves of South Point data shown for the event,

The amplitude-detail curve of Figure 3.7 shows an enhancement at
H, to about 2.0 times the pre-event level. In terms of the average
pre-event level, signal varies from 2,0 at H + 0, decreasing to 1.6
by H + 5 minutes. The level is approximately constant from H + 5
to H + 70 minutes, except for a drop to 0.8 at H + 30 minutes, when
the record shows extremely erratic signal which is averaged on the
plot in Figure 3.7. There is a decrease to pre-event level at H + 1.5

hours, followed by a gradual return to 1.6 by H + 2 hours.
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The raw phase data include oscillator drift that is probably
less than -0.4n radian per hour, so it is reasonable to assume
that the variation after H + 1 hour represents phase recovery. A
phase advance of 0.71 has been assumed to occur at H (in lieu of
a retardation, and in keeping with the effect shown at Kauai).
There is rapid partial recovery in phase through 0.57 at H + 1
minute. Little change is apparent from H + 7 to H + 25 minutes, with
slight retardation near H + 30 minutes, and an advance from H + 30
toH + 40 minutes. By H + 50 minutes, there appears to be a very

slow recovery, which continues through H + 130 minutes.

3.9 VWAKE

The data available for Wake for the Check Mate event are 1imit-
ed to 3 hours on event day. Only the details of amplitude and raw
phase are shown (Figure 3.7), because it was impossible to determine
a drift-slope for event day. The phase data show an assumed advance
between H and H + 1 minute of about 0.9n, and a further less-rapid
advance to 1.4x by H + 8 minutes. Phase remains approximately
constant from there to H + 50 minutes, except for a slight retarda-
tion at H + 10 minutes. There is apparent recovery after H + 1
hour, continuing until data are lost at H + 2.5 hours.

The amplitude-detail curve shows a large attenuation at the
eveﬁt. With respect to the pre-event level, the variation is: a
very rapid decrease to 0.15 at H + 0.5 minute, a rapid recovery to

0.7 at H + 10 minutes, another decrease to 0.5 by H + 16 minutes,
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and a gradual general recovery throughout the rest of the period

shown,

3.10 RAhOTONGA

Only 22 hours of NBA data were available from Rarotoﬂéﬁraround
the Check Mate e&ént time, so no diurnal comparison was possible.
The event occurred in the middle of the recording period. A
drift-slope of.+0.6n radian per hour was estimated from the appear-
ance of the phase data, and phase was normalized to this slope.
The normalized phase-detail curve, with cofresponding amplitude,
is shown in Figure 3.8. The normalized phase curve shows a fapid
retardation beginning at H and continuing through 0.4x at H + 5
minutes, then very gra&ual retardation to a maximum of 0.5xn at
H + 33 minutes. There is a véry gradual advance from that point
through H + 2 hours. It is possible that a phase advance of one
cycle occurred at H, but §ince no evidence was a;gilable to indi—
cate such behcvior, the retardation effect is shown.

The amplitude curve in Figure 3.8 shows a slight change
through the event and an abrupt increase at H + 0.5 minute, followed
by a rapid decrease at H + 1 minute to 0.7 of the pre-event level.

Recovery is complete by H + 4 minutes. -

3.11 PALO ALTO
The effect of the Check Mate event on the NBA signal received

at Palo Alto was slight, no appreciable deviation in amplitude or
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phase being apparent, except within a few minutes of the event.
Only detailed-amplitude and normalized-phase curves are shown
(Figure 3.8). Diurnsl amplitude and phase show no event effect
beyond the immediate event period. The amplitude~detail curve
shows significant attenuation between R and H + 1 minute, to ashout
0.16 of the pre-event level. There is a very rapid recovery ta the
pre-event level at H + 2 minutes, and a very gradual increase from
there throughout the rest of the period shown. The level is essen-
tially normal for the entire day, except for the interval from R
to B + 2 minutes.

The mormalized phase curve skows a slight advance at event
time ol 0.21, in conjumction with the attemuation in signal level
(there i3 a spatter in the readings prior to B almost this large,
t0.03n, and the curve drawn is an average of thes; data until
K - 0). The change ir phase at event time might be the result of
scattered readings, but the scatter in data is very small after B.
There is no appreciable deviation from mormal im the entire period

shown.

3.‘12‘ ROI-NAMYR

Fewer than 3 hours of NBA data are available from Roi-Namur
for the day of the Check Mate event, but they are consecutive arownd
the event. The variations in these data are shown in detail in

Figure 3.10. Phase is plotted ir the raw form. It is not possible




to estimate the oscillator drift-slope. The raw-phase curve shows
a suspicious step-like variation (no equipment malfunction is noted,
and the record seems normal): the phase angle is seen at O before B,
advances to n at H, remains constant to H + 4 minutes, and then is
lost. When the signal returns at B + 21 minutes, the phase angle

is 2¢, and it does not vary appreciably for over am hour. The phase
data after H + 21 minutes could be plotted starting at zero, since
there is no way to determine its relative position with the few
data available. Similarly, a phase retardatiow could be shown
following the event; A gradual phase advamce fimally occurs after
B + 1.5 hours.

The detailed amplitude curve shows reasonable vartation. At
H,there is an immediate attenuation to 0.5 of tlte pre-event level and
a further decrease to 0.14 at B + 4 minutes. Signal is lost at B + 5
minutes; it reappears at H + 21 minutes at 0.14. The amplitude then
increases to ¢.5 by B + 35 minutes and remains comstamt at that
Ievel until B + 70 minutes. By B + 1.5 Rhours, the sigmal amplitude

has returned to 0.8.

3.13 SUMMARY

For the Check Mate event, data were collected at event time
at twelve sites. ALl sites except Fairbanks observed event-associated
effects. A review of the Fairbanks data shows a possible small
disturbance at 0830 GMT, but its validity is in question since the

record contains many similar disturbances at other times.
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The recorded amplitude of the received NBA signal during the

Check Mate event gave no clear indication of a pattern in the
observed effect. All stations show a disturbance at event time,
but this disturbance is small and results in short-term variations
both as attenuations and enhancements of signal 1level.

Phase variations for Check Mate show phase advances for paths
into the northern or event area, with 8 return to normal in 1 or
2 hours. ACanton, Palo Alto, and Okinawa show phase advances that
persist for several hours, with Palo Alto showing the smallest
event-associated effect and Okinawa showing the largest. The three
southern or conjugate-area stations show an unexpected phase retarda-
tion, reaching a maximum at H + 20‘minutes and returning to normal
within 2 hours., Evidence of the phéée retardation has persisted
through all attempts in data analysis to force the data to show. a
phase advance. 1In addition, a comparison of the maximum retardation
at Tutuila and Viti Levu is consistent with propagation path lengths,

The Check Mate event occurred at 0830 GMT. Ground sunrise at
NBA occurred at 1108 GMT, giving over 1.5 hours before any part of
any path was in daylight. 1In general, event disturbances were
recovered before sunrise (H + 1.5 hours), except for Canton and

Okinawa which returned to normal at about 8 hours.
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Figure 3.2 Diurnal amplitude and phase at Kauai and Tutuila,
Check Mate.
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Figure 3.4 Diurnal amplitude and phase at Viti Levu, Check Mate.
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CHAPTER 4

BLUE GILL

4.1 GENERAL

For the Blue Gill event on 26 October 1962, data showing
effects of the event were obtained at nine sites; Canton showed
no effect, and Fairbanks and Rarotonga records were unreadable at
event time.

Figures 4.1 through 4.4 show the diurnal phase and amplitude
data for event day and selected background days. Figures 4.5
through 4.9 show phase and amplitude details from 20 minutes before
until 2 hours after the event. (All figures are given at the end
of this chapter.)

The Blue Gill event occurred at 0959:48 GMT. Ground sunrise
at NBA occurred at 1108 GMT. From 1004 to 1007, NBA transmitted a
key~down (CW) signal; it was off from 1007 to 1010. For the re-

maining 54 minutes of each hour, the duty cycle was 0.3,

4.2 OKINAWA

The diurnal amplitude and phase variations of the received NBA
signal at Okinawa for three consecutive days ending with that of the
Blue Gill event, plus the second day after the event, are shown in
Figure 4.1. The first day afterward is not shown, because adjust-

ment to the oscillator disrupted phase data. Midpath midnight is at

1100. The amplitude curves, though relatively low, show a fairly
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uniform pattern without gross diurnal effect. The event effect is

seen as a definite attenuation, followed by an early return to normal
level,

The phase curves of these days are very similar. Unfortunately,
no data were avallable for the period H + 2 to H + 6 hours, so the
phase advance at H had to be assumed (this was done in preference to
showing a retardation of 0,6n at H) to bring the effect into some
conformity with that observed on the Palo Alto path (shown in Figure
4,2)., As can be seen in Figure 4.1, the H to H + 2-hour data could be
reasonably plotted up 2n radians, After the marked advance at H,
the event curve shows indications of returning toward normal by H + 2
hours. The phase compares well with the background after H + 6 hours,

Phase deviation and amplitude at event time are shown in detail
in Figure 4.5 for the Okinawa path. Signal amplitude was fading
just before the event, and had reached 0.5 times its previous static
level by H - 0. (Amplitudes are referenced to the average level
between H - 20 minutes and H - 1 minute.) A further attenuation
occurred at H, to about 0.1 of the average level, Signal level
then gradually increased to its former value by the end of the off-
period, at H + 10 minutes.

On the phase-deviation detail curve, an initial advance of 1,8z
has been shown from H to H + 3 minutes, then a slight recovery to
about 1.6x by H + 10 minutes, Phase deviation changes little between

H+ 10 and H + 60 minutes; it gradually advances to about 2n at
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H + 80 minutes, and recovers toward the average characteristic curve
between H + 90 and H + 100 minutes." Recovery is checked after

H + 100 minutes, probably by the sunrise effect.

4.3 PALO ALTO

The diurnal amplitude and phase variations in the received NBA
signal at Palo Alto are shown in Figure 4.2 (top) for four consecutive
days, beginning with the day before the Blue Gill event, Midpath
midnight was taken at 0800 GMT. No diurnal variation is apparent in
the amplitude curves. The event-day data match those for the other
days, after H + 1 hour. There is attenuation at H, recovery to
normal, a second attenuation, and final recovery in signal level
during the first hour after the event.

The diurnal phase curves show considerable spread in Figure 4.2,
probably indicating that conditions were unstable at midnight for
this path (note that the greatest spread in amplitude curves is near
midnight). Thus, misalignment is probably the reason for the apparent
long-term advanced phase effect in the event-day phase curve. The
curve for 28-29 October is near to an average characteristic for the
period of a week about the event. The event curve follows this in
diurnal effect from about H + 1 to H + 6 hours, after recovering
quickly from a sharp phase advance at H.

Details of phase deviation and amplitude at event time are shown

in Figure 4.7. The receiver was off for about 1 minute prior to the
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event. In reference to the pre-event level, amplitude is attenuated

to 0.2 immediately after the event, then rises swiftly to 1.5 by
H + 4 minutes, where the level remains until H + 7. After the signal
reappears, it decreases fairly rapidly to less than 0.1 at H + 15
minutes. Another quick rise before H + 20 minutes brings the level
to about 0.6, where it remains until H + 30 minutes. By H + 50
minutes the signal level is about 1.5; it remains there through H + 2
hours,

The phase deviation shows an initial phase advance of 1.9¢ at
H, followed by gradual recovery to 1.3x by H + 15 minutes and more
rapid recovery to 0.9x by H + 20 minutes. There is a pause in
recovery between H + 20 and H + 40 minutes, and the return to normal

occurs fairly quickly between H + 40 and H + 60 minutes.

4.4 WAKE

The diurnal amplitude and phase variations in the received NBA
signal at Wake are shown in Figure 4.2 (bottom) for the days before,
including, and after the Blue Gill event. Midpath midnight was
taken at 1100 GMT. There is reasonable agreement among the phase
curves, although amplitude data are widely spread. The assumption
of the phase advance at H + 0 is seen to so orient the phase curve
that it begins to follow the sunrise effect by H + 2 hours and con-
tinues to vary approximately with the background for the rest of

the day, although the hours from 1400 to 2000 GMT, when signal level
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is consistently low, are represented by doubtful readings, or none
at all. A retardation in phase could have been assumed at event
time, in view of the gap in data after H + 2.5 hours, but the
orientation shown is more consistent with data obtained over similar
paths. The amplitude curves show little more than a diurnal trend;
signal level is possibly below normal until about 2 hours after the
event,

The phase deviation and amplitude detail are shown in Figure 4.7,
The phase curve prior to H is drawn as an average of points scattered
over about #0.1nx. Individual data points are connected after event
time. Following an initial advance of about 1.8x immediately after
H, phase recovers rapidly to about 1.2x by H + 10 minutes and then
advances slightly‘betweén H + 10 and H + 40 minutes. Recovery to
normal has apparently begun by K + 1 hour and is complete by H + 2
hours,

Amplitude is attenuated to less than 0.1 of pre-event (average)

level at the time of the event and recovers to 0.75 almost immediately,

The amplitude then falls off again, reaching a relative level of
about 0.2 at H + 4 minutes. Another recovery of signal amplitude
follows, resulting in an increase to 1.2 at H + 20. The level then
returns to about 0.5 between H + 40 and H + 100 minutes. Another
increase has begun by H + 2 hours, but it is probable that diurnal

effect predominates by this time.
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4.5 KAUAI

Figure 4.3 (top) shows the diurnal amplitude and phase charac-
teristics of the received NBA signal at Kauai from two days before to
one after the event. Midpath midnight is at 0900 GMT. The back-
ground signal-amplitude level shows a relatively narrow spread
between curves; there are indications that the signal level for
event day is consistently low. Absence of marked diurnal variation
in all the amplitude curves is notable, as is the enhancement which
follows the event. Amplitude average was below normal before the
event, increased to about normal level just after the event, and
returned to a relatively low level for most of the day.

Diurnal phase comparison is fairly reasonable for all days
except that prior to the event, when an adjustment was made to the
oscillator. For this reason, 23-24 October was added to give a
better idea of the normal phase characteristic. For this data it
was obvious from drift-slope variation that an advance in phase of
less than one cycle occurred at H, and thé orientation shown--with
phase behaving normally by H + 2 hours--is deemed correct, although
the spread in phase data is considerable at certain hours of the
day.

The phase-deviation and amplitude detail curves are shown in
Figure 4.8. Occasional periods of high noise level obscured signal
on the record, notably between H - 30 minutes and H - 0; readings in

this period should be averaged. An increase in signal level at event
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time reaches 1.7 times the pre-event level by H + 1 minute. Ambli-

tude remains constant until H + 15 minutes and shows slight variations'
about this same level until H + 1 hour. By H + 2 hours the amplitude
has returned to pre-event level.

The phase deviation prior to event time shown in Figure 4.8
for Kauai represents an average of readings spread over #0,05rx.
All data after H are represented by the phase curve. An immediate
phase advance of 0.81 at H is followed by a very rapid partial re-
covery to 0.4x at H + 1 minute. Phase is fairly constant to H + 6
minutes, followéd by another advance to 0.6x by H + 15 minutes, and

gradual return to normal by about H + 1.5 hours.

4.6 SOUTH POINT

The diurnal amplitude and phase variations for the received NBA
signal at South Point are shown in Figure 4.3 (bottom) for three
consecutive days about the Blue Gill event. There is considerable
spread in the amplitude readings for this period, with only a general
diurnal trend apparent. The signal on event day reaches an unusually
high level between H + 0.5 and H + 1.5 hours, but seems to follow

the general diurnal aspect otherwise. Low signal levels on the

event-day record (at frequent intervals) and the loss of data from
H to H + 20 minutes 1limit the value of these data. i

The diurnal phase curve for the event day shows obvious scatter

in the data. Phase was apparently beginning to recover when next
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seen after the event, and the diurnal sunrise effect predominates

by H + 2 hours.

The details of amplitude and phase deviation at South Point are

shown in Figure 4.8, In terms of the pre-event level, the amplitude

curve shows an enhancement from 1.0 at H + 19 minutes, when the

equipment was reset, to 2.0 at H + 25 minutes. Near-constant signal

level was received until H + 65 minutes. The remaining data show a

decreasing trend toward H + 2 hours.

The phase-deviation data show the phase advanced by about 0,4xn

when next seen after the event (H + 19 minutes); the advance con-

tinues to about 0.6x at H + 25 minutes. Recovery has begun by H + 30

minutes and is compiete by H + 1 hour.

4.7 ROI~-NAMUR

The diurnal amplitude and phase of the received NBA signal at

Roi-Namur for four days around the Blue Gill event time are shown in

Figure 4.4 (top). Midpath midnight was taken at 0900 GMT. Amplitude

on event day begins higher than normal average ( a continuation of

a high level on the day before ). Attenuation occurs during the first

hour after the event, then a return to a slightly high level.

Attenuation through the morning hours has brought it to about normal,

but the curve falls below the usual diurnal effect near noon and

continues to remain below normal for the rest of the day.

day data contain many gaps,
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The phase curves do not present a very repeatqble pattern for
this period, as the oscillator drift was relatively high, tending to
obscure diurnal effects. The assumption that a phase advance of
less than one cycle occurred at H produceg the best fit in the data,
considering all aspects. The event-day data show that normal diurnal
effects begin to predominate by H + 2.5 hours, although phase seems
advanced from normal until about H + 14 hours. Reliability of these
data is somewhat impaired by low signal recording level and the high
oscillator drift.

Amplitude and phase-deviation details at Roi Namur are shown in
Figure 4.6. Consideration of the amplitude data should be based on
an average curve through the data points shown. The amplitude data
show a sharp attenuation at H to about 0.35 of the pre-event level,
and a gradual increase to 0.9 at H + 30 minutes. The signal then l
decreases to 0.6 at H + 40 minutes and again increases to 1.3 by
H + 1 hour, remaining approximately constant to H + 2 hours.

Points on the phase-deviation curve between H - 4 and H + 4
minutes represent an average phase. Scatter is 10.1n before and
t0.4x after H, about the curve shown. From H + 4, where the CW

signal was transmitted, the curve is drawn through all data points.

Immediate phase advance at H is of the order of 1.4n, with partial
recovery to a definite 1.21 at H + 4 minutes. Another advance has
occurred during the off period, to 1.81 by H + 10 minutes, and con-

tinues to about 21 by H + 20 minutes. Recovery is gradual from
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then until about H + 2.5 hours, when sunrise effect begins to

predominate,

4.8 TUTUILA

The diurnal amplitude and phase variations of the received
NBA signal at Tutuila for three consecutive days surrounding the
Blue Gill event are shown in Figure 4.4 (bottom). Midpath midnight
is at 1000 GMT. The diurnal amplitude curves for the days shown
follow a fairly close pattern. An amplitude disturbance is in
evidence at event time, followed by data points scattered about a
general ;nhancement of signal for nearly 3 hours.

The diurnal phase variation on event day also follows closely
that of the background days after H + 4 hours, but shows a consid-
erable deviation in advance of normal from H to H + 3 hours. Re-
covery is rapid between H + 3 and H + 4 hours. Data on the records
were somewhat doubtful from H + 3 to 4 hours, but indications of
a rapid return were found,

Amplitude-and-phase-deviation details at Tutuila are shown in
Figure 4.5, Signal level is dropping before the event. There is
very little change at H, followed quickly by a swift increase to
2.0 times the average pre-event level at H + 1 minute. Amplitude
then continues to rise to 3.0 by H + 5 minutes. When signal is
regained after the off-period, the level has dropped to about 2

again, but it increases to about 3.4 for the interval between H + 18
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and H + 55 minutes. There is attenuation to 1.5 near H + 1 hour,
followed by enhancement to 3.5 at H + 2 hours. Signal amplitude
has returned to normal by H + 3 hours;

After an initial sharp advance of 1,7x at event time, phase
deviation recovers slightly to 1.51 at H + 18 minutes and then ad-
vances gradually to 1.81x by H + 45 minutes, where final recovery
begins. Recovery is gradual until about H + 3 hours, then rapid

from H + 3 to H + 4 hours, after which phase appears normal,

4.9 VITI LEVWU

All attempts to obtain consistent, repeatable diurnal phase and
amplitude curves for the Viti Levu NBA data around the time of the
Blue Gill event were unsvn~cessful. A drift-slope could not be
obtained; however, it is certain that the drift-slope is negative
and probably less than 0.3x radian per hour. Details of amplitude
and raw-phase data from Viti Levu are shown in Fig. 4.6. The
amplitude curve shows a sharp attenuation at event time to 0.3 of
the pre-event level, followed by a rapid rise to about 1.2 by H + 10
minutes. The signal level is then constant until about H + 1 hour,
when a decrease toward normal by H + 2,5 hours begins.

The raw-phase curve shows an advance of 1.81 immediately follow-
ing the event (this has been assumed in preference to a phase retar-
dation of 0.5n--the data do not indicate which may be correct).

This condition is maintained, essentially, throughout the period
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shown, and phase does not return toward pre-event cohdition until

about H + 6 hours.

4.10 MIDWAY

The phase and amplitude data for the NBA signal received at
Midway for the Blue Gill event showed a somewhat reasonable diurnal
pattern with considerable spread from day to day at the hours around
and following the event., It was impossible to infer a normal back-
ground at event time. Therefore, no diurnal data are shown and no
phase-deviation comparison is made. The amplitude and normalized;
phase details for the Blue Gill event data at Midway are shown in
Figure 4.9, Phase data are normalized to an oscillator drift-slope
of -0.4x radian per hour. Prior to the event, the phase data
points are scattered +0.2x around the average curve shown in Figure
4.9.

The phase curve is drawn through all points after the event.
The signal level is low throughout the period shown, however, so
that a reading error of #0.2n should be asrumed. At event time,
there is phase advance of 0.8n, followed by rapid partial recovery
to 0.5¢ at H + 1 minute. It is probable that a gradual phase recovery
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