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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 fpr years to moni- 

tor sudden ionospheric disturbances (SID) in the lower ionosphere. 

3 
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 

10 
stabilities of the order of a few parts in 10  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 local-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 measurements. 

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 site are shown in 
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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 $ 

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 two 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 

2 
at a frequency within 1/2 cps 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 

T)nly 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. 

2 
During 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. 
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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 fron 

a single-track recording system (two recorders per set); the lower 

record is from a dual-track recording system.  Figure 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 time.  With the 

2- to 4-second time constant in the system, the average amplitude 

(approximately 0.3 of the peak-pulse amplitude) is displayed on the 

recorder.  From 4 to 7 minutes past each hour, NBA radiates a con- * 

tinuous signal. This key-down signal shows as a pulse each hour on 

the records in Figure 1.3.  Following the key-down.-, no signal is ■ t 

transmitted from 7 to 10 minutes past each hour.  This' key-up gives, 

a zero input following each key-down. ■; By using the key-up level as 

zero, the amplitudes at the key-down'periods can be seen t.o vary both 

positively and negatively.  This change in. signal polarity is caused 

by a changing phase between the incoming NBA signal and the local fre- 

quency standard. 

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

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

\ 
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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 

, 2   2,1/2 
A = (X + Y ) 

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

the vector to the point X, Y, is 

if,      ,  "I X 
$ = 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 two 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 — 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 

between X and Y, Y was normalized to X before calculating A and $. 

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 
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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 

midpath 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 

of 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 orient 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 ware 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-slope 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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3 
H + 0 minutes. 

Plots of raw phase detail were then made on an expanded time 

♦ scale, normalized to the drift-slopes established as discussed 

above, and compared to the diurnal phase curves for the period 

f immediately surrounding the .time of the event.  Whenever the nor- 

malized diurnal phase characteristics taken within a week of the 

event showed an average grouping for the hours of interest (H - 1 

to H + 3 hours), a median curve was.selected.  The difference between 

this median background curv.e and the normalized phase-detail curve 

-for the/event'was then plotted, to show the deviation in phase from 

normal caused by the event.' These p'hase-deyiatiön curves are not 

■• labeled .as such;' any detail phase curve that is unlabeled repre- 

sents the change' from normal phase-variations that is caused bv the 

,;   \ "P.^10111^ eVent- •In a few instances, it was'possible to establish 

. . ..    . "  reasonabie drift-slope Variationen spite, of irregular appearance of 

, . •  '   ■ "the diurnal charac't er iat.ic'curves, Vut comparison of event effects 

3;        ■/■■'.•   .•   •  ■• • 
Important Npte:. The terms H.-'O and H +Ominutes, used throughout 

this report,.refer "tD-tlie last point of a record trace recognizable 

as being- before.the event and to the first point that is definitely 

after the event, respectively,  the average response time of the dat 

system used was near 0.2 minute, so that data correlate within about 

■ i0.-2 minute among the. records from the different sites and within 

about ±0.1 minute of real time in each separate instance. 

a 
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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. Normalized 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 X-and Y-records, are labeled Raw 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 

22 

SECRET 



/ 

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: 

(1) 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. 

(2) 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. 

(3) 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. 

(4) 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.  Phase detail plots are shown 

in one of three forms: § 

(a) Phase Deviation represents the difference between 

the event data and an average of the characteristic V 

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. • 

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

data was obtained, are shown to demonstrate the presence , 

of event effects.  Variation in these curves includes 

the oscillator drift. 

TABLE 1.1 

FISH BOWL EVENT NAMES AND TIMES 

Name Date Time GMT 

Star Fish 9 July 0900:09 
Check Mate 20 October 0830:00 
Blue Gill 26 October 0959:48 
King Fish 1 November 1210:06 
Tight Rope 4 November 0730:00 ♦ 
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Figure 1.1 NBA receiver sites for Fish Bowl, showing 
great-circle propagation paths.
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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 Raro- 

tonga. Data wore 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 (»IT, 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 Alto occurs at about 

1300 cm.    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 

normal 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 amplitude corre- 

sponds to the rapid 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 OUit. At H + 1.5 minutes, an 

immediate advance of 0.3« occurs, and continues to 0.6« by H + 4 

minutes. After the off-period, phase is recovering from 0.7jr 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 OCT.  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 + 2.5 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 S 

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 hours. 

The phase-deviation curve in Figure 2.7 shows an advance of 1.8* 

at H, and rapid recovery from there to about l.Oit at H + 13 minutes. * 

Recovery is checked at I.On  until H + 25 minutes, then continues 

gradually through 0.8« 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 
4 

signal exhibiting greater variations during the hours of darkness. 

V 
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The event-day amplitude curve 3hows 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 0,8n; there is a pause there for about 1 

minute; then another rapid advance follows, to 1.4n 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 O.Sit at H + 25 minutes. Another advance 

follows to 1.2n 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 1000 GMT. 

Amplitude on event day shows a large attenuation, and a final recovery 

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

is below the diurnal trend of the background signal amplitude; it 

becomes quite high, compared to the background, between H + 3 and 

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

level begins to follow the usual diurnal trend by about H + 12 hours, 

but the spread in data makes the time indefinite. 

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 fron 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; Phase devia- 

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

then shows a further advance to l.Sit at H + 3 minutes. This position 
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Is held until H + 5 minutes; then,there is a gradual recovery to 1.4TT 

at H + 40 minutes, another advance to 1.8TT by H + 70 minutes (too 

early to be sunrise effect), and a very slow final recovery lasting 

fron then until H + 11 hours. 

2.6 VITI LEVÜ 

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 may be 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 2.6K  iamediately after H, pausing there for 0.5 minute, then 

a very rapid phase advance to a total of 3.2« at H + 1 minute, followed 

by another 0.5-minute pause, and finally a rapid advance to a total 

of 3.5it at H + 4 minutes. There is a rapid recovery between H + 4 

and H + 7 minutes, to 2.6*. At H +10 minutes, there is a gradual 

advance, reaching 2.9« by H + 40 minutes, followed by a slight re- 

covery at H + 50 to 65 minutes and a gradual advance lasting until 

H + 5 hours. 

2.7 TÜTUILA 

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 the detail curve of 

phase deviation. Phase deviation and amplitude details for Tutuila 

are shown in Figure 2.5. The phase curve shows an advance of 1.2« 

at H, a slight recovery to l.ljt between H + 7 and H + 15 minutes, a 

gradual advance to 1.4« 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 H + 5 minutes, a very slow recovery from 0.35 at H + 10 

minutes, reaching normal level by H 4- 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 the pre-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 0.04fT retardation. A rapid advance of l.err is recorded 

at H + 1 minute.  (These phase data are assumed to be an advance, 

otherwise the data would show phase retardation of 0.4)1.) Rapid 

partial recovery is shown, to 1.2TT at H + 3 minutes, followed by a 

continuously advancing phase to more than 2TT by H + 1 hour. After 

39 

SECRET 



the break in signal recording, phase was apparently beginning to re- 

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

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 0.2« 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 0.5it from H to 

H + 1 minute, very slight recovery between H + 11 and H + 12 minutes, 

to about 0.2n, 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 2n 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 1.6TT 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 

Kaual,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 minutes. 

These delayed phase advances at the various sites appear to be time 

related. Recovery of phase In general takes at least 6 hours.. 

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 Kaual, 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 2.2 Diurnal amplitude and phase at Kauai and South 
Point, 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 (MT,  but it is evident from the 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 attenuation Is apparent in the event curve at event 

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 1.8n 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 deviation 

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 minutes. 

This normal level is essentially maintained through H + 2 hours. 

The phase-deviation curve shows an advance of l.Sn at H, very 

rapid partial recovery to 1.4« at H + 2 minutes, and another more 

gradual advance to 1.7n by H + 10 minutes. There is slight scattering 

of the points during the period of low signal. A gradual recovery 

follows, to 1.2* 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- 

dence, although signal level is relatively low. A slight diurnal- 

variation pattorn 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 

53 

SECRET 



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 l.ln 

and almost immediate partial recovery to 0.6n at H + 2 minutes. 

Thereafter, phase recovery is more gradual, reaching 0.4n 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 0.3«, 

and advance to 0.45« 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.In/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 phase 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 minute». Signal l«vel 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 (±0.1TT) between H - 6 and H + 3 minutes.  It shows an advance 

of about O.err at H, rapid recovery to about 0.3" 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 Tutulla 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 

before 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. 

The 21-22 October curve is fairly representative 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. 

The phase-deviation curve shows an apparent advance of O.ln 

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 maximum deviation of O.Sn.  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 advance at H that the system would 

not have followed. 
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3.6 CANTON 

The diurnal amplitude and phase of the 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 COT. 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 

i 
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 1.8n 

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 

shown should be assumed for the phase variation. There is indica- 

tion of a fairly rapid partial recovery after H + 3 minutes, to about 

l.On by H + 40 minutes. The data are more accurate by H + 40 minutes 

and show a further phase advance, more gradual now, to 1.4K 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 LEVU 

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. Mldpath 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 

I *        level at event tine. Average signal level seems to have recovered 

fully by H •<■ 20 minutes. 

%, The phase-deviation curve shows a retardation of 0.4rr immediately 

at H, rapid recovery to 0.2TT at H + 2 minutes, and then further retar- 

dation to about 0.9TT at H + 20 minutes. (Scatter of iO.OSn 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 SOUTH 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. 
t 

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 

i 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 
i 

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 0.7jt 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 0.5A 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 

to H + 40 minutes. By H + 50 minutes, there appears to be a very 

slow recovery, which continues through H + 130 minutes. 

3.9 WAKE 

The data available for Wake for the Check Mate event are limit- 

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 0.9H, and a further less-rapid 

advance to 1.4n 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 

event. 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 RAROTONGA 

Only 22 hours of NBA data were available from Rarotonga around 

the Check Mate event time, so no diurnal comparison was possible. 

The event occurred in the middle of the recording period. A 

drift-slope of +0.6« 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 corresponding amplitude, 

is shown in Figure 3.8. The normalized phase curve shows a rapid 

retardation beginning at H and continuing through 0.4n at H + 5 

minutes, then very gradual retardation to a maximum of 0.5n at 

H + 33 minutes. There is a very gradual advance from that point 

through H + 2 hours.  It is possible that a phase advance of one 

cycle occurred at H, but since no evidence was available to indi- 

cate such behrvlor, 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 lew alnutes of the event. 

Only  «tetailed-aaplitude and nomalized.phase curves are shown 

(Figure 3.8). Diurnal anplitude and phase show no event effect 

beyond the imediate event period. The aaplitude-detail curve 

shows significant attenuation between M and H + 1 minute, to about 

0,16 of the pre-event level. There is a very rapid recovery to 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 H 

to K + 2 minutes. 

The normalized phase curve shows a slight advance at event 

time ol ©„an, in conjunction with the attenuation in signal level 

(there is a scatter in the readings prior to II almost this large, 

iOtO&t» and the curve drawn is an average of these data until 

B - 0). The change in phase at event time might be the result of 

scattered readings, but the scatter in data is very small alter B. 

There is no appreciable deviation fro« normal in the entire period 

shown. 

fewer than: 9 hours of KM data are available from Roi-Kamur 

for the day of the Check Mate events but they are consecutive aromnd 

the event. The variations in these data are shown in detail in 

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

stem 
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to estimte the oscillator drift-slope.    The raw-phase curve shows 

a suspicious step-like variation (no equipaent naif unction is noted, 

urt the record seeas nonaal):    the phase angle is seen at 0 before H, 

advances to it at H,  reaaiiis constant to H + 4 minutes,  and then is 

i lost.    When the signal returns at B + 21 »inutes, the phase angle 

is 2xr and it does not vary appreciably for over an hour.    The phase 

data after H + 21 nimttes could be plotted starting at zero,since 

there is no «ay to determine its relative position with the few 

data available.    Similarly,  a phase retardation could be shown 

following the event.    A gradual phase advance finally occurs after 

H + 1.5 hoars. 

The detailed amplitude curve shows reasonable variation.    At 

H»there is an immediate attenuation to 0.5 of the pre-event level and 
■* 

a further decrease to 0.14 at H + 4 minutes. Signal is lost at B + 5 

minutes; it reappears at H + 21 minutes at 0.14. The amplitude then 

t increases to 0,5 by H + 35 minutes and remains comstamt at that 

level until H + 70 minutes. By H + 1.5 hours, the signal amplitude 

has returned to O.S. 

3.13 SülMÄiOf 

For the Chech Mate event, data were collected at event time 

at twelve sites. All sites except Fairbanks observed event-associated 

effects. A review ot  the Fairbanks data shows a possible small 

disturbance at 0»30 GKF, but its validity is in (peation since the 

record contains many similar disturbances at other times. 



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 level. 

Phase variations for Check Mate show phase advances for paths 

into the northern or event area, with a return to normal in 1 or 

2 hours, canton, 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 phase retardation has persisted 

through all attempts in data analysis to force the data to show a 

phase advance.  In 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.  In 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 3.1 Diurnal amplitude and phase at Okinawa and Midway, 
Check Mate. 
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Figure 3.2 Diurnal amplitude and phase at Kauai and Tutuila, 
Check Mate. 

66 

SECRET 



A 

S 

CANTON 

 10/19-10/20 
 10/20-10/21 
 10/21-10/22 

0800 1200 1600 2000 0000 0400 0800 

0800 1200 1600               2000 
6MT  

0000 0400 0800 
•hours 

Figure 3.3 Diurnal amplitude and phase at Canton, Check Mate. 
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Figure 3.4 Diurnal amplitude and phase at Viti Levu, Check Mate. 
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Figure 3.10 Amplitude and phase detail at Roi-Namur, 
Check Mate. 
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CHAPTER 4 

BLUE GILL 

4.1 GENERAL 

For the Blue Gill  event on 26 October 1962,  data showing 

I effects of the event were obtained at nine sites;  Canton showed 

no effect,  and Fairbanks and Rarotonga records were unreadable at 

event time. 

j 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 
i 

until 2 hours after the event      fAii  f-i«,,.«= „ 
t) «-ue evenx.     ^AII figures are given at  the end 

i of this chapter.) 

The Blue Gill event occurred at 0959:48 GMT. Ground sunrise 

at NBA occurred at 1108 GOT. 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 fitst day afterward is not shown, because adjust- 

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

i 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 available for the period H + 2toH + 6 hours, so the 

phase advance at H had to be assumed (this was done in preference to 

showing a retardation of 0.6« 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 1.8« 

has been shown from H to H + 3 minutes, then a slight recovery to 

about 1.6it by H + 10 minutes. Phase deviation changes little between 

H + 10 and H + 60 minutes; it gradually advances to about 2rt 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 1.9K  at 

H. followed by gradual recovery to 1.3*  by H + 15 minutes and more 

rapid recovery to 0.9* 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 GOT. 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 havte 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 ±0.1«. Individual data points are connected after event 

time. Following an initial advance of about 1.8« immediately after 

H, phase recovers rapidly to about 1.2« by H + 10 minutes and then 

advances slightly between H + 10 and H + 40 minutes. Recovery to 

normal has apparently begun by H + 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 KAUM 

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 the 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. Ampli- 

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 ±0.05n. 

All data after H are represented by the phase curve. An immediate 

phase advance of O.Sit at H is followed by a very rapid partial re- 

covery to 0.4jt at H + 1 minute. Phase is fairly constant to H + 6 

I 
minutes, followed by another advance to 0.6« 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 limit the value of these data. 

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 0.4« 

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

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

minutes and is complete 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. The event- 

day data contain many gaps. 
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The phase curves do not present a very repeatable 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 produces 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 

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 ±0.1n before and 

±0.4« 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 1.4«, with partial 

recovery to a definite 1.2it at H + 4 minutes. Another advance has 

occurred during the off period, to l.Sn by H + 10 minutes,and con- 

tinues to about 2« 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 enhancement 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 1.7jt at event time, phase 

t deviation recovers slightly to 1.5n at H + 18 minutes and then ad- 

vances gradually to 1.8n 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 LEVU 

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 unsncessful. A drift-slope could not be 

^ obtained; however, it is certain that the drift-slope is negative 

and probably less than 0.3rt radian per hour. Details of amplitude 

and raw-phase data from Viti Levu are shown in Fig. 4.6. The 
i 

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 1.8« immediately follow- 

ing the event (this has been assumed in preference to a phase retar- 

dation of O.Sn—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 condition 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 -0.4i( radian per hour. Prior to the event, the phase data 

points are scattered ±0.2jt 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 ±0.2* should be asrumed. At event time, 

there is phase advance of O.Sit, followed by rapid partial recovery 

to 0.5« at H + 1 minute. It is probable that a gradual phase recovery 

then starts and is complete by H + 1 hour. It is uncertain when 

phase approaches the normal diurnal characteristic because of the 

lack of good background phase data for comparison. 

Signal amplitude recorded at Midway for this event resulted in 

extremely low recording levels. The amplitude data shown do indicate 
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a small attenuation at event time, followed by an enhancement to 

1.2 of the pre-event value at H + 5 minutes. The signal had probably 

returned to pre-event level by H + 15 minutes. 

4.11 SUMMARY 

The effects of the Blue Gill event on the received NBA signal 

can be seen in data from nine of the twelve sites. Canton showed 

no effect, and Fairbanks and Rarotonga did not obtain data at event 

time. The Blue Gill event occurred at 0959:48 GMT, and ground sunrise 

at NBA occurred at 1108 GMT, allowing only 1 hour before sunlight 

had begun to influence all propagation paths. 

Signal amplitude, in general, showed an immediate attenuation 

at event tinus,followed by an enhancement within H + 5 minutes. At 

Roi^Namur and Wake,this enhancement did not occur; however, signal 

amplitude had returned to normal by H + 30 minutes. At Okinawa, 

the signal enhancement resulted in a return to pre-event signal level 

by H + 10 minutes. Enhanced signal amplitude was maintained for about 

1 hour at Viti Levu. Tutuila, Kauai, and South Point before a return 

to pre-event levels. At Palo Alto, a seconcj attenuation occurred at 

H + 15 minutes, resulting in the minimum signal recorded following 

the event. Recovery was complete in less than 1 hour. 

Phase of the NBA signal apparently showed an immediate 

advance at all stations that recorded an effect. Recovery appears 

to be complete within 2 hours, when sunrise effects start, except for 

data at Viti Levu and Tutuila, where the return to normal does not 

occur until H + 4 hours. 
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Figure 4.1 Diurnal amplitude and phase at Okinawa, Blue Gill. 
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Figure 4.2 Diurnal amplitude and phase at Palo Alto and Wake, Blue Gill. 
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Figure 4.3 Diurnal amplitude and phase at Kauai and South Point, 
Blue Gill. 
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Figure 4.4 Diurnal amplitude and phase at Roi-Namur and Tutuila 
BIu3 Gill. 
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Figure 4.9 Amplitude and phase detail at Midway, Blue Gill. 
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CHAPTER 5 

KING FISH 

5.1 GENERAL 

For the King Fish event on 1 November 1962, records were obtained 

from all receiver sites except Palo Alto.  Effects of the event were 

apparent on all except Canton, Midway, Okinawa, and Rarotonga records. 

The NBA transmitter was off the air, in its usual sequence, 

from 1207 to 1210; the King Fish event occurred at 1210:06 OUT. 

Average response time for the data system was 0.2 minute, so the 

first effects of the event would be obscured by the transition from 

noise level to signal level in most of the data. As a consequence, 

the data points at H + 0 minutes are actually at H +0.1 minute, 

or later in cases where it was uncertain whether the system was 

responding rapidly enough. A gap has been left in the data curves 

to demonstrate this. 

Ground sunrise at NBA for the King Fish event occurred at 1109 

GMT, 1 hour before the event. Therefore, sunrise had already started 

to change propagation conditions on all paths by event time. Figures 

5.1 through 5.3 show diurnal phase and amplitude data. Figures 5.4 

through 5.7 show details of phase and amplitude from 20 minutes 

before until 2 hours after the event. (Figures are given at the end 

of this chapter.) 

97 

SECRET 



5.2    WAKE 

The diurnal amplitude and phase variations of the NBA signal 

received at Wake are shown in Figure 5.1 for three consecutive days 

about the King Pish event.    Midpath midnight was taken at 1100. 

The diurnal amplitude data for the period show fairly good agree- 

ment throughout most of the day,  and a definite diurnal variation. 

In the event-day data,there is significant deviation from the normal 

level between H and H + 1 hour, when sig    ■>  is attenuated drastically, 

and essentially lost for almost an hour. # 

The phase curves show a consistent diurnal behavior.    The most 

notable feature of the event phase curve is the very large advance 

that was assumed at event time.    It is not necessary to Insert more 

than one cycle of advance to bring the data for the day into 

correspondence with the background.    (Since the data at H + 1 minute 

are isolated from those taken during the rest of the day, they can 

be oriented without consideration of drift-sloped    However,  the 

data after H + 1 hour which indicate that phase is recovering from 

a drastically advanced position are governed by drift-slope 

orientation. 

Details of amplitude and phase deviation at Wake are shown in 

Figure 5.7 for the  immediate period about the event.    The amplitude 

detail shows attenuation to 0.5 of the pre-event level  immediately 

after H,   abrupt  increase to 0.7 at H + 0.5 minute,   and a rapid 

decrease through 0.35 at H + 1.5 minutes.    Signal has been lost 

by H + 2 minutes    and does not return to a readable level until 
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H + 55 minutes. The signal level rises to 0.6 by H + 75 minutes and 

begins to fluctuate about the normal level for this hour, rising 

above normal level between H + 105 minutes and H + 3 hours. 

The phase-deviation curve has been drawn to show an extreme 

advance of 4.2rt immediately after H, but the portion of the phase 

curve between H and H + 1.5 minutes could be oriented at 2.2« or 

0.2« without affecting the shape of the rest of the curve. The 

curve has been oriented as shown because no large advance occurring 

late after the event was found In the data from the other sites In 

the same general area of the Pacific. The Initial advance shown Is 

consistent with the recovery seen after H + 55 minutes. At H + 55 

minutes, phase Is seen to be recovering from an advance of at least 

2.9n; it continues to recover, reaching normal phase conditions by 

H + 4 hours. 

1 
t 

i 

5.3 KAUAI 

The diurnal phase and amplitude of the NBA signal received at 

Kaual are shown In Figure 5.2 (top) for four consecutive days about 

the King Fish event. Mldpath midnight was taken at 0900 GMT. The 

amplitude data show consistent dally behavior for all days shown, 

and some diurnal variation Is apparent. The event-day curve shows 

no significant deviation from normal except for the enhancement at 

event time and a return to normal within 1 hour. 

The diurnal phase curves show a large spread in the readings 

taken during the daylight hours,but conform well enough before 1400 
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to permit deviation comparison. The phase curve for 2-3 November 

falls near the average for the weekly period about the event. 

Drift-slope considerations imply a phase advance on event day. 

Phase recovers from a large advance at H to almost normal, then 

advances to a nearly constant position, and remains there until diurnal 

effect causes further advance near H + 3 hours. Coincidence with the 

normal position of advance occurs by H + 2 hours. 

Details of phase deviation and amplitude for the event period 

are shown in Figure 5.5. System response for this site and event 

was changed to about 0.1 minute. Amplitude variation, in relation 

to the H - 3-minute level, shows enhancement to 2.5 immediately 

after the event, a decrease to 1.2 at H + 1 minute, and a return to 

2.6 at H + 2 minutes. The level falls gradually to about 0.5 by 

H + 30 minutes, then begins to vary normally. 

The phase-deviation data show phase returning from an advance 

of at least 1.6« immediately after the event and a very rapid 

recovery to 0.4jt at H + 1.5 minutes. There is little change in 

deviation until H + 10 minutes, then an advance to 0.6« occurs 

by H + 20 minutes. Very gradual recovery after H + 20 minutes 

brings phase to normal by H + 2 hours. 

5.4 SOUTH POINT 

The diurnal amplitude and phase variations at South Point are 

shown in Figure 5.2 (bottom) for three consecutive days about the 
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King Fish event. Midpath midnight was taken at 1000 OUT. There is 

good agreement during the morning among the diurnal amplitude curves 

shown, but considerable spread is apparent in the afternoon and 

near midnight. The diurnal variation is clearly evident. The ampli- 

tude curve for event day shows little deviation from normal in the 

hours near the event, but the fluctuation Just after event time is 

notable, showing short-term enhancement following the probable 

attenuation at H. 

The diurnal phase curves show fairly good day-to-day agreement 

throughout much of the day. There is some spread in the afternoon 

which may be attributed to low signal level. The phase data for the 

event day actually show an advance at H, and there is a further 

advance near H + 30 minutes. After that, diurnal effect seems to 

predominate, but phase remains advanced until H + 6 hours. 

Details of phase deviation and amplitude are shown in Figure 5.5 

for South Point.  In reference to the level at H - 5 minutes, ampli- 

tude shows attenuation immediately after the event to 0.3, rises 

abruptly to 0.7 at H + 0.3 minute, and continues rising to 1.6 at 

H + 1 minute. The signal then drops to 1.0 at H + 1.5 minutes, 

remains there for 2.5 minutes, then drops to 0.15 at H + 10 minutes, 

and fluctuates about the normal level for the remainder of the day. 

The phase-deviation curve shows a rapid advance immediately 

after H of 0.8jt by H + 0.5 minute, slight recovery to 0.6it at H +3 

minutes, advance to O.SJT at H + 3.5 minutes, and a further advance to 
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about l.Ojt by H + 30 minutes, where recovery begins. Phase has 

recovered to within about 0.4n of normal by H + 56 minutes, but 

remains slightly advanced until H + 6 hours. 

5.5 VITI LEVU 

The diurnal phase and amplitude variations of the NBA signal 

received at Viti Levu are shown in Figure 5.3, for King Fish event 

day and the following day. Midpath midnight was taken at 1000 GUI. 

There is considerable day-to-day spread in the diurnal amplitude 

data, but a diurnal characteristic variation is readily apparent, 

since signal level is relatively high. Considerable attenuation is 

shown in the event data after H, for about 1 hour, until diurnal 

effects bring the curves into near coincidence. The large attenua- 

tions at 1700 and 2200 GMT on event day have no known significance. 

The diurnal phase curves show spread in the data during the 

daylight hours for a number of days near the event period. Behavior 

in the early morning hours was sufficiently consistent to allow a 

deviation comparison. The large phase shift in the event curve at 

H is implied in the data, mainly by drift-slope considerations, but 

there is also good correlation with the background variation between 

1400 and 1700 GMT.  (The curve for 2-3 November is approximately 

characteristic of the usual diurnal variation during these hours.) 

Details of phase deviation and amplitude are shown in Figure 5.4 

for the immediate event period. In reference to the level at H - 5 
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minutes, amplitude undergoes an attenuation to 0.3 immediately after 

the event, holds that level until H + 2 minutes, and then decreases 

* slightly to 0.27 at H + 2.5 minutes. From H + 2.5 to H + 35 minutes, 

the level increases gradually to about 0.4, held until H + 55 minutes. 

t Signal level is near normal between H + 75 and H + 95 minutes, but 
1 i 

increases again after H + 115 minutes. 

The phase-deviation curve shows an advance of 1.6n immediately 

after H, then slightly more advance until H + 2 minutes, where a 

rapid retardation occurs, to 1.3TT at H + 3.5 minutes. There is 

abrupt advance to 1.5" at H + 5.5 minutes, where recovery begins 

rapidly; it continues more gradually after H + 14 minutes (0.8n) 

until H + 55 minutes, to 0.2TT, which is near normal. The advance 

after H + 55 minutes is probably caused by normal diurnal changes. 

The phase remains advanced from normal until about H + 3 hours. 

5.6 FAIRBANKS 

At Fairbanks the local frequency standard was adjusted 40 minutes 

prior to the King Fish event, so oscillator drift-slope Is in doubt 

for the immediate period of the event. Recording level was low on 

this record. In addition, system recovery after the transmitter 

off-period (H -3 minutes to H) is apparently slow, so readings 

before H + 1 minute could not be used. Phase points throughout the 

period of the event show a scatter of ±0.1"; amplitude points are 

scattered as well. 
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Amplitude detail and phase data In raw form for the NBA signal 

received at Fairbanks are shown In Figure 5.4. With reference to 

the pre-event level, and assuming an average through the amplitude 

curve shown, the signal level drops to about 0.5 between H + 1 and 

H + 2 minutes. There is an apparent recovery to about 0.9 between 

H + 3 and H + 4 minutes; then the average level drops to about 0.6 

between H + 4 and H + 12 minutes, and rises to 1.0 between H + 12 

and H + 16 minutes. Another decrease follows, to about 0.7 by H + 30 

minutes. The level rises from there to about normal by H + 1 hour. 

The general effect between H and H + 1 hour is a 30-percent decrease 

in signal level and a return to normal. 

An average is assumed through the phase curve shown; there is 

apparently no change in phase through the event, with an advance of 

about 0.3n occurring very rapidly between H + 1 and H + 2 minutes, 

followed by immediate recovery to about 0.15n at H + 3 minutes. 

The data show a gradual phase advance for about 3 hours, which seems 

to be normal sunrise effect. A phase variation between H and H + 1 

hour, attributable to the event, seems to be superimposed on the 

long-term advance effect. 

5.7 R0I-NAMÜR 

Slope variation was established for the days through the King 

Fish event, but background data showed too much inconsistency for 

meaningful comparisons. Figure 5.6 shows the amplitude and normalized 
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phase details of Roi Naraur data. The phase data have simply been 

normalized to the drift-slope of -0.98 radian per hour. Scatter- 

ing of phase points after the event, in the period when signal is 

low, indicates that the true phase curve is probably an average 

drawn through the data shown.  If an average variation Is assumed, 

the initial phase advance is about 1.2n,  with a probable further 

shift to some 1.6n between H + 1 and H + 6 minutes (rapid enough, 

possibly, to be considered a second stage of the Initial advance). 

Partial recovery occurs from there to about 1.5n by H + 15 minutes; 

then very slow final recovery follows. Data are lost from H + 115 

minutes to H + 5 hours, so that recovery time is uncertain, but less 

than 5 hours. The advance at H was assumed in lieu of showing a 

0.8A retardation; either is possible in view of the gap in data 

after H + 2 hours. 

The amplitude-detail curve shows, relative to the pre-event 

level, an attenuation at event time to about 0.2, a gradual increase 

to about 0.3 by H + 15 minutes, and then no appreciable change through 

H + 115 minutes. The level coincides with normal background by 

H + 20 minutes, since signal is usually attenuated during this period 

of the day. 

5.8 TUTÜILA 

Background diurnal phase characteristics for the period about 

the King Fish event are too irregular to use for comparison, but 
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At the southern-area sites, effects were observed at Vltl Levu and 

Tutulla, with the larger disturbance at Vlti Levu indicating a well' 

^        defined conjugate-area disturbance. Phase at these two sites was 

advanced by the event, with recovery in about an hour. Amplitude 

# *•« attenuated at event time, with a recovery and possible enhance- 

ment at Tutuila and continued attenuation at Viti Levu. 

At northern-area sites, effects were observed at all sites 

except Midway, the Midway path being the farthest from the event 

area. Effects in the northern area are somewhat inconsistent, 

since South Point and Kauai give dissimilar results, and Wake and 

Roi-Namur have incomplete data. All northern sites show phase 

advances, with the largest effect observed at Wake, although the 

validity of the Wake data is doubtful. 

Data are shown for a disturbance at Fairbanks, but no effect 

was recorded at Okinawa. The principal effect at Fairbanks is a 

» signal attenuation accompanied by slight phase effect, which is 

somewhat unreasonable. 

. J 
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Figure 5.1 Diurnal amplitude and phase at Wake, King Fish. 
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Figure 5.2 Diurnal amplitude and phase at Kauai and 
South Point, King Fish. 
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Figure 5.3 Diurnal amplitude and phase at Viti Levu, King Fish. 
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WAKE 
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Time hour« 

Figure 5.7 Amplitude and phase detail at Wake, King Fish. 
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CHAPTER 6 
ft. 

DISCUSSION OF RESULTS 

The results presented in this report define measurements made 

on the received amplitude and phase oi the 18-kc transmissions from 

NBA,  Canal Zone.    Since these data were recorded for another purpose, 

the paths that resulted were not optimum for defining nuclear-event 

effects on VLF propagation.    Therefore,  the results presented here 

are limited to a description of the data and do not include an 

interpretation of the observed effects in terms of event parameters 

or ionospheric effects. 

Five high-altitude events occurred during the Fish Bowl series. 

One of these events, Star Fish,  occurred during July 1962,  and the 

other four events occurred within a 16-day period  beginning in 

October (Table 1.1).   This latter grouping to some extent influenced the 

observed VLF effects.    For Star Fish,  all sites showed an immediate 

signal attenuation followed by a recovery to normal level within 

4 minutes in many instances.    Phase at all sites    was advanced by 

the event,  the  advance being apparently instantaneous at all sites 

l 

1 
The sites can be grouped into northern (Roi-Namur, Wake, Midway, 

Kauai, and South Point), southern or conjugate (Viti Levu, Tutuila, 

and Rarotonga), and remote (Okinawa, Fairbanks, and Palo Alto). 

Canton is unique in that it is at the magnetic equator between the 

northern and conjugate areas. 
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except Canton and Palo Alto. There is evidence of delayed phase 

advances (possibly two stages) in the conjugate area and to the 

east of the immediate event area, within 3 minutes of the Star 

Fish event. Some sites responded only to the later phase advances 

(Canton, for example). 

All sites observed a disturbance associated with the Check 

Mate event, except possibly Fairbanks. Amplitude variations were 

small with both signal increases and decreases being recorded. 

Signal recovery to normal was rapid after the event. Phase 

variations at the northern-area sites showed phase advances re- 

turning to normal in 1 or 2 hours. The remote-area sites and 

Canton also showed phase advances that persisted for several 

hours. The conjugate area, however, showed phase retardations 

reaching a maximum in 20 minutes and returning to normal in about 

1 hour. This phase retardation was not expected, and all known 

data-processing techniques and interpretations that could result 

in a phase advance were tried to no avail. 

The Blue Gill event occurred within 6 days of the Check Mate 

event. Amplitude of the received NBA signal showed an attenuation 

at all sites except Canton (Fairbanks and Rarotonga did not obtain 

records), followed Immediately by an enhancement. At some sites, 

this enhancement resulted in signal amplitudes above normal. At 

Palo Alto a second attenuation was observed at 15 minutes after 
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* 

the event. At all sites, the phase of the received NBA signal 

showed an advance at event time, with recovery at the northern- 

i 
area sites within 2 hours, and recovery at the conjugate-area 

sites in some 4 hours. 

Blue Gill showed two distinct affected areas. In 

the northern area, most sites observed the King Fish event as a 

phase advance, while Midway showed no effect.  Canton did not 

show any effect, giving evidence of a limited disturbed area 
| 
I 

around the event.  In the conjugate area, Viti Levu and Tutuila 

observed a phase advance (no effect was observed at Rarotonga) 

giving evidence of a well-defined conjugate area.  The remote 

paths showed no significant effect from King Fish. 

Tight Rope gave no evidence of a disturbance on any of the 

NBA paths that were monitored. 

The results presented here were obtained by a system de- 

signed and installed primarily as a device to control the fre- 

quency of a local standard. These results demonstrate that 

diligent use of all available systems during a nuclear-test 

series can result in additional useful data. 

♦ 

o, 
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mm m* i 

V 

DISTRIBUTION 

Military Distribution Category 62 

1* ro 

) 

ARMY ACTIVITIES 

1 CHIEF OF R 6 R D* 

2 AC OF S INTELLIGENCE DA 
3 CHIEF OF ENGINEERS DA 

♦- 7 ARMY MATERIAL COMMAND 
B CHIEF SIGNAL OFFICER PA 

9- 10 U S ARMY COMBAT DEVELOPMENTS COMMAND 
11 U S ARMY CDC NUCLEAR GROUP 
12 U S ARMY ARTILLERY BOARD 

13 U S ARMY AIR DEFENSE BOARD 
1» U S ARMY AVIATION BOARD 

15 U S ARMY COMMANü AND GENERAL STAFF COLLEGE 
16 U S ARMY AIR DEFENSE SCHOOL 
17 U S ARMY COC ARMOR AGENCY 
18 U S ARMY COC ARTILLERY AGENCY 
19 U S ARMY COC INFANTRY AGENCY 

20 U S ARMY CDC CBR AGENCY 
21 U S ARMY SIGNAL SCHOOL 

22 ARMY MEDICAL RESEARCH LAB 
23- 24 ENGINEER RESEARCH & DEV LAB 

25 WATERWAYS EXPERIMENT STATION 
26 DIAMOND ORDNANCE FUZE LABORATORY 
27 BALLISTIC RESEARCH LABORATORY 

28- 30 REDSTONE SCIENTIFIC INFORMATION CENTER 
31- 32 WHITE SANDS MISSILE RANGE 

33 U S ARMY MOBILITY COMMAND 
3» U S ARMY AMMUNITION COMMAND 
35 ELECTRONICS COMMAND 

36 U S ARMY ELECTRONIC PROVING GROUND 
37- *0 U S ARMY ELECTRONIC R&D LABORATORY 
*1- 42 U S ARMY CDC COMBAT SERVICE SUPPORT GROUP 

«3 THE RESEARCH 6 ANALYSIS CORP 
A4- 45 WHITE SANDS SIGNAL SUPPORT AGENCY 

46 U S ARMY NUCLEAR DEFENSE LABORATORY 
47 U S ARMY CDC AIR DEFENSE AGENCY 
48 UNITED STATES CONTINENTAL ARMY COMMAND 
49 U S ARMY,CDC COMBINEJ ARMS GROUP 
50 US ARMY ENGINEER RTO LAKS SMOFH-EP 

51- 54 US ARMY MATERIAL COMMAND.SAND 1A 

NAVY ACTIVITIES 

55- 56 CHIEF OF NAVAL OPERATIONS 0PO3EG 
57 CHIEF OF NAVAL OPERATIONS 0P-09B5 
58 CHIEF OF NAVAL OPERATIONS OP-75       ~- 
59 CHIEF OF NAVAL OPERATIONS OP-922G1 
60 CHIEF OF NAVAL OPERATIONS OP-94 
61 CHIEF OF NAVAL OPERATIONS OP-922F2 

62- 63 CHIEF OF NAVAL OPERATIONS CODE 611 
64- 66 CHIEF BUREAU OF NAVAL WEAPONS OLI-3 

67 CHIEF BUREAU OF SHIPS CODE 423 
68 CHIEF BUREAU OF YARDS fc DOCKS CODE 7«. 
69 DIR, US NAVAL RESEARCH LAH, 

70- 71 U S NAVAL ORDNANCE LABORATORY 
72 NAVY ELECTRONICS LAdORATORY 
73 U S NAVAL RADIOLOGICAL DEFENSE LAB 
74 U S NAVAL CIVIL ENGINEERING LABORATORY 
75 U S NAVAL SCHOOLS COMMAND U S NAVAL STATION 
76 U S NAVAL POSTGRADUATE SCHOOL 
77 AIR DEVELOPMENT SQUADRON 5 VX-5 
78 U S NAVAL AIR DEVELOPMENT CENTER 
79 U S NAVAL WEAPONS EVALUATION FACILITY 
80 U S NAVAL MEDICAL RESEARCH INSTITUTE 
81 DAVID W TAYLOR MODEL BASIN 

82- 85 U S MARINE CORPS CODE A03H 

AIR FMCE ACTIVITIES 

86- 88 HO USAF AFTAC-TD 
89 HO USAF AFRNEA 
90 HO USAF AFXPDG 
91 HO USAF AFOCCBB 
92 HO USAF AFOCEKA 
93 HO USAF AFGOA 

94- 98 HO USAF AFCIN-3Ü1 
99 RESEARCH 6 TECHNOLOGY DIV BOLLING AFB 

100 BALLISTIC SYSTEMS DIVISION 
101 SPACE SYSTEMS DIVISION  SSTDS 
102 TACTICAL AIR COMMAND 
103 AIR DEFENSE COMMAND 
104 AIR FORCE SYSTEMS COMMAND 
105 AF COMMUNICATIONS SERVICE 
106 RAOC-HAALDiSRIFFISS AFB 
107 SECOND AIR FORCE 

108-109 AF CAMBRIDGE RESEARCH CENTER 
110-112 AFWL  WLL-3 KIRTLAND AFB 

113 SCHOOL OF AVIATION MEDICINE 
114-116 AERONAUTICAL SYSTEMS DIVISION 
117-118 USAF PROJECT RAND 

119 ELECTRONIC SYSTEMS DIV ESAT 
120 AIR TECHNICAL INTELLIGENCE CENTER 
121 HO USAF AFORO 
122 HO USAF AFXPDK 

OTHER DEPARTMENT OF DEFENSE ACTIVITIES 

123 DIRECTOR OF DEFENSE RESfcARCH AND ENGINEERING , 
124 ASST TO THE SECRETARY OF DEFENSE ATOMIC ENERGY 

125-126 ADVANCE RESEARCH PROJECT AGENCY 
127 WEAPONS SYSTEM EVALUATION GROUP 

128-131 DEFENSE ATOMIC SUPPORT AGENCY 
132 FIELD COMMAND DASA 
133 FIELD COMMAND DASA FCT6 

134-135 FIELD COMMAND DASA FCWT 
136-137 DEFENSE INTELLIGENCE AGENCY 

138 DEFENSE COMMUNICATIONS AGENCY 
139 JOINT TASK FORCE-8 
140 COMMANDER-IN-CHIEF PACIFIC 
141 COMMANUER-IN-CHItF ATLANTIC FLEET 
142 STRATEGIC AIR COMMAND 
143 CINCONAD 
144 DIR.DEFENSE INTELLIGENCE AGENCY 

145-16« DEFENSE DOCUMENTATION CENTER 

POR CIVILIAN DtSTR CAT. B 1 

165 AEROSPACE CORPORATION ATTN DR. I.F.WEEKS 
166 AEROJET GENERAL NUCLEONICS SAN RAMON CALIF 
167 FORD MOTOR CO NEWPORT BEACH CALIF ATTN TECH LIBRARY 
168 AEROSPACE CORP EL SEGUNDO CALIF 
169 ALLIED RESEARCH ASSOC.INC CNCORD MASS 
170 AMER.SCIENCE 6ENG CO CAMBRIDGE MASS 
171 IIT RESEARCH INSTITUTE CHICAGO ILL. 
172 AVCO CORP EVERETT MASS 
173 AVCO CORP WILMINGTON MASS ATTN TECH.LIHRARY 
174 HMI COLUMBUS OHIO ATTN DEFENDER INFO CENTER 
175 BELL TEL LAB.WHIPPANY NEW JERSFV 
176 BENDIX CORP DETROIT MICH 
177 BOEING COMPANY SEATTLE WASHINGTON ATTN TECH LIBRARY 
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US COLLINS RADIO CO.CEDAR RAPIDS IOWA 
IT» COLUMBIA UNIV ELEC RESEARCH LAB NEW rORK 
180 CORNELL AERONAUTICAL LAB INC BUFFALO NY 
181 DEFENSE RESEARCH. CORP SANTA BARBARA ATTN WEIU 
182 DOUGLAS AIRCRAFT CORP SANTA MONICA CALIF 
183 EDGERTON GERMESHAUSEN & GRIER INC BOSTON 
18* E H PLESSET ASSOC INC LOS ANGELES ATTN TECH.LIBRARY 
18» ELECTRO-OPTICAL SYSTEMS PASADENA CALIF 
186 SPERRY RAND CORP LONG ISLAND N Y 
187 GEN DYNAMICS ASTRO DIV SAN DIEGO ATTN HAMLIN 
188 GEN DYNAMICS ELEC DIV SAN DIEGO ATTN ENGR. LIBRARY 
189 GEN DYNAMICS GEN ATOMIC UIV SAN DIEGO ATTN T I S 
190 GEN DYNAMICS CORP FT WORTH TEXAS 
191 GEN ELEC CO RADIATION EFFECTS OPERATION 
192 GEN ELEC CO AWANCEO ELEC CENTER ITHACA N Y 
193 GEC TECH MIL PLANNING OPER SANTA BARBARA ATTN UASA 
19* SYLVANIA DIV ELEC DEF LAU MT VIEW CALIF 
195 GEOPHYSICS CORP OF A^ER BEDFORD MASS 
196 H R B SINGER INC STATE COLLEGE PA 
197 GEC,RE-ENTRY SYSTEMS OEPT ATTN TECH.INFO.CtNTER 
198 HUGHES AIRCRAFT CO CULVER CITY CALIF ATTN HANSCOME 
199 INST FOR DEFENSE ANALYSIS WASHINGTON 
200 INTER TEL fr TELGR CORP NUTLEY N J 
201 J HOPKINS UNIV APPL PHYSICS LAB SILVER SPRINGS 
202 KAMAN NUCLEAR COLORADO SPRINGS ATTN SHELTON 
203 LOCKHEED AIRCRAFT CORP PALO ALTO CALIF ATTN MEYROIT 
20« MARTIN MARIETTA CO JEFFERSON COUNTY.COL. 
205 MIT.LINCOLN LABORATORY ATTN TECH.LIBRARY 
206 MITRE CORP BEDFORD MASS ATTN TECH LIBRARY 
207 «T.AUBURN RESEARCH ASSOC..INC. 
208 N AMERICAN AVIATION'DOWNEY CALIF 

2C9 NOftTHROP AIHCRMT INC MMflNMM UUP 
210 «C* MPtNM IICI MOOUCTI NOMt (TMH ATTN ENGR. LIB 
«1 «C« MVIO SARNOFF Ml »Mill MlNCETOft Sj '" *,,i 

2U THOMPSON RANO-MOIMIOOI CAIIF. »TIN TECH.LIBRARY 
211 RAND CORP SANTA MONK« CALIF «vn.t.0«ÄKT 
21* RAYTHEON CO MISSILE 6 IPMI DIV MOPORD MASS 
21» REPUBLIC AVIATION HINEOLA N V 
21* SPACE OEN CORP 11 MONTL CHI* 
217 SPCE  TECH LAB LOS ANOEUES CAl» 
218 STANFORD RESEARCH |NSTM*ITN T(<N*LIM. 
21» STANFORD RESEARCH IN%r.,AITN CCXNMICATIONS 
220 TECH OPERWNC MMLINOTON MASS "TN RICHARDS 
221 UNIV OP MICHIMN ANN «RMR MICH ATTN BAMIRAC LIBR 
222 VITRO CORP OF AMERICA WEST ORAME N J 
223 WESTIN6H0USE RESEARCH LA» »ITTOURfiM PA / 
22* WESTINGHOUSE ELU.CORP. WASH.ADN^RYTULA/ 
22» CENTRAL  RADIO PROPAGATION LAS,»« MULOt? ATTrf UTLA 

ATOMIC ENEROT COMMISSION ACTIVI' III 

226-228 AEC WASHINGTON  TECH LIBRARY 
229-230 LOS ALAMOS SCIENTIFIC LAB 
231-23»  SANDIA CORPORATION 
236-2»» LAWRENCE  RADIATION LAB LIVERNOM 
2*6-2*» NEVADA OPERATIONS OFFICEtLAS VICAS 

2S0 DTIE OAK RIDGE»MASTER 
2S1-280 DTIE OAK RIDGE   SURPLUS 
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AD0350109

Defense Special Weapons Agency
6801 Telegraph Road

Alexandria. Virginia 22310-3398

OPSSI

MEMORANDUM FOR DISTRIBUTION

SUBJECT: Declassification Review of Operation DOMINIC
Test Reports

JUN I ( 1997

The following 14 reports concerning the atmospheric nuclear
tests conducted during Operation DOMINIC in 1962 have been
declassified and cleared for open publication/public release:

POR-2011, POR-2016, POR-2017-1, POR-2018(Vol.3),
POR-2018(Vol.4), POR-2022, POR-2030(Vol.2}, POR-2031,
POR-2032(Vol. 7), POR-2035(Vol.2), POR-2035(Vol.3),
POR-2036(Vol.4), POR-2042, andPOR-2052.

An additional 28 reports from DOMINIC have been re-issued
with deletions and are identified with an "EX" after the report
number. These reissued versions are unclassified and approved
for open publication. They are:

POR-2000,, POR-2001, POR-2003 thru POR-2005, POR-2007,
POR-2012, POR-2013, POR-2015(Vol.1&2) , POR-2017, POR-2025,
POR-2026, POR-2028(Vol.3), POR-2032(Vol.1), POR-2033,
POR-2036(Vol.2), POR-2036(Vol.3) , POR-2037(Vol.1), POR-2038,
POR-2040, POR-2041, POR-2043, POR-2046, POR-2051, POR-2053,
POR-2059, and POR-2060.

This notice may be cited as the authority to declassify
copies of any of the reports listed in the first paragraph above,

M. METRO
!hief, Information Security




