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ABSTRACT

This report presents data on the ioncstheric perturbations
resulting from the five 1962 high-altitude nucleer detonatious,
Star Fish, Check Mate, Blue G111, King Fish, and Tight Rope, as
obtained with sweep-frequency vertical-incilence iomosonies
operated at the islands of Maui, Tern (Frezch Frigate Shouls),
Midway, Wake (Star Fish only), Canton, Tutuila (Americen Samoa),
and Tongatapu. The ionosondes at Midway ezl Tm\ptm had a
frequency rangc of 1 to 25 Mc. At the other stations the range
was 0.25 to 20 Me,

The objective was to obtain information on the fmmediate
and delayed effects on the ionosphere, incluiing radio wave
ebsorption and changes in electron density, at various distances
and directions from the detonations. Beginning a few minutes
before detonation, each 1onosonde was averated contimwously until
about H + 2 hours, when the interval between ilonograms vas in-
creased to five minutes for several more bhours. Othervise,
ionogramc were made at 15-minute intervals,

The results are presented in the form of

a. selected lonogrems,

b. plot: of F-layer critical frequencies and mimimm
obsexvable reflected frequencies (f-min) versus time
from H = 10 minutes to H + 2 hours,

¢, plots of F=layer virtual heights a% ceveral frequencies
as & function of time from H = 10 =inutes to H + 3 hours,

d. feplots for a four-day periol enco-Tessing each
detonation.

The greatest cffects were produced by Star Fish amd the

least by Tight Ror®. A prompt increase in sbsorytion was observed
at all stations for ell events except Tight Rope. It was

5
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especlally great for Star Fish, and obliterated all echoes
(blackout ) at moet stations for periods ranging from a few
seconds st Tutuila to an hour and a half at Tern. Substantial
etrospheric acoustic-type wvaves vere generated by Star Fish and
King Fish, and waves of somevhat less amplitude were generated
vy Check Mate and Blue G111. No positively identified effects
from Tight Rope were observed at any of the stations,

Effects associated vith its proximity to the magnetic con-
Jugate area were observed at Tutuila. Thus, vhercas substantial
decrcases in F-layer ionization density occurred after Star Fish
at the northern hemisphere stations, a large (25-fold) and al-
post simultaneous increase was observed at Tutuila, and later,
apparently in asscciaticn with the atmospheric wave acoustic-
type disturbance, there was another (6-!‘01«1) increase. A
similar (k-fold) increase in association vith the passage of
ea atmospheric acoustic-type wvave was observed at Tutuila

f>1lowing King Fish.
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INTRODUCTLON

When a nuclear weapon is exploded in the high atmos-
phere, drastic effects occur in the ionosphere. Because of
the effects on radio communication,it is necessary to gain
all possible information on the nature of the phenomena.

The effects of nuclear detonations are felt on all layers
from sbour 70 or 80 kilometers on up through the F-region and
into the exosvhere. Increased ionization at the lower height
(D-region) causes sbsorption of HF radio waves and seriously
disrupts radio commnication in this part of the spectrum.

On VIF circuits serious perturbations in the phase of the
signal can be caused by D-rezion effects. Sporadic-E-like
incrcases in the E-region have been observed following earlier
high-altitude nuclear bursts. Changes in F-regilon electron
density are observed in association with high-altitude bursts,
and large distortionc are often present.

The full theory of the effect of nuclear blasts on the
ionosphere has not yet been formulated, although a number
of theoretical treatments have been made and are summarized
in various classified documents. Because of the complexity
of these theories,they will not be discussed here, but details
my be found in References 1 through 4 provided at the end of
this report.

The ionospheric vertical soundings tcchnique provides
e vast amount of informetion on these various effects. By
taking these kinds of obscrvations at both primary anl con-
Jugate areas, the relative importance of direct photon and
particle effect versus trapped particle effect can be assessed.
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The objectives of this project (DASA Project 6.5C) were
to obtain information on the irmediste and delayed effects of
the Fish Bowl detonations on the ionosphere, including radio
wave absorption and changes in eiectron density, at various
distances and directions rrom the detonations, using vertical-
incidence ionosondes. )

Jonosondes were operated at seven locations: the iclands
of }eui, Tern (French Frigate Shoals), Midway, Wake (for Star
Fish only), Canton, Tutvila (American Samoa), and Tonga
(Tongatapu). Their locations and distances from Johnston
Island are shown in Figure 1. Other ionosondes were operated
at Palmyra by Project 6.5A, at Johnston and Kwajalein by 6.5D,
and at Viti Levu and an aircraft by Project 3.10.

Preliminary 6.5C results for Star Fish were reported in
Fish Bowl POIR 2022 and in the proceedings of the August 31 -
Septerber 1, 1962, DASA Symposium (page 131, DASA Data Center
Special Report 3). Preliminary results for the fall series
vere reported in FOIR 2022-1 and in NSS Rept. No. 1QB109, to
be included in the proceedings of the February 26-28, 1963
DASA Symposium. (POR-2022 supersedes POIR's 2022 and 2022-1.)

The lonosonde is a radar-type instrument which transmits
short pulses {irvically 50 microseconds long at a rate of 60
per second) as the radio frequency is changed cc *iinuously or
in short steps over a range which may begin at about a mega=
cycle per second, or lower, and go to 20 Mc or higher. The
rmm:i-trip travel time to the icnosphere and back, recorded
es a function of redio frequency, is called an ionogram. The
travel time 1s usually expressed as tkhe range in kilometers
to the point of reflection, or rather what the range would
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have been had the cntire trip been made at the free-space
velocity. This apperent range, or virtusl height (b') as it
is callesd on the ionogram is alwers greater than the actual
height, because the velocity of pulse propagation in an ionized
medium is less than in free space.

The wave 1s reflocted at the height where the refractive
index becomes zero. The rerractive index is a complicated’
function of the weve fraquency, the electron density, the
strength of the earth's magnetic field, and the frequency of
collisions of the electrons with other objects, but my be
thought of as tending toward zero with increasing electron
density and tending toward unity (the frece-space value) wvitk
increasing wave freguency. Thus, as the wave progresses upward
into the ionosphere, the refractive index and the pulse velocity
decrease,and if a level ic reached at which the refractive index
becomes zero, the pulse velocity also becomes zero,and the wave
is reﬂ:ccted. The higher the Irequency, the higher the wave
rmst go to be reflected. Eventually, the height of maximum
density 1s reached. The frequency which can Jjust reach this
height 1is called tho critical froauency. At higher frequencies
the wave penctrutcs the lonosphere and is not reflected. Smll-

scale irregularitics in the lonosphere (on the order of a wave-
length in size) my, however, proiucc scatter echoes at fre-
quencies extending beyond the critical freguency.

The prescnce of the carth's magnetic field causes the
ionosphere to have two values of refractive index for a gilven
wave f{yreguency, depending upon the polerization of the wave.
There zre normlly, then, two cchoes for each wave frejuency,
having iifferent virtual heights and different reflcction levels.
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One is ealle? the ordinary wave echo und the cther the extra-

ordinary wmve echo, by analogy with the ordinary and extra=
ordinary wves of btirefringent crystal optics. There is s 312~

ferent eriticel frequency for each of the two waves. The ordimary
wave critical frequency is the same as it would te in the sbsence

of the magmetic field. At frequencies vell ebove the frequency
of gyratiom of free electrons in the megnetic field (“n the
ionospbere this varies from about 0.7 M: near tke equator to
gbout 1.6 M= near the magnetic poles), the extracriinary wave
critical frequency is greater than the ordinary weve critical
frequency by about one-half the electron gyrofrecuencye.

At night the ionosphere consists principally of a single
layer, the P-layer, with a minimum height near 200 to 250 km,
and a beight of maximum electron density in the vicinity of
300 to W0 km. In the dsytime, Lowever, the sun‘s rays proluce
lonizatiom et lower hoights, and the result 4s un E-iayer, vith
maxdimus density near 120 km, and often an interczeiiate layer

near 200 km. If the latter is present, it is called the Fl-layer,

and the remminder of the F-layer is called the FZ-layer. The
maxirom demsities, and therefore the critical freguencies, of
the E-and Fl-layers are usually less than that o the F2-layer.
The night P-layer is considered to be, at least 22 pert, s
remnant of the daytime F2-layer. The night layer is therefore
sometines referred to as the F2-layer even though the Fl-F2
bifurcatiom is not apparent. Likewise, an unresslved daytime
F-layer is usunlly referred to as the F2-layer., The critical
Irequencies associated with the various layers ar= 2esignated
by the syabols foE, foFl, foF2 for the ordinary w=ve, and fxE,
Ix¥Fl, fxF2 for the extraoriinary wave,

14
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The exact e;cpressicn for the refractive index in the prese
ence of c.1llisions and a mgnetic field is quite complicated
end will not be discussed here. However, in the absence of

* collisions and magnetic fiel2, the refractive index n is given
by the simple expression

n® = 1-81x10°Ng 12 (1)

vhere l(. is the electron density per cm3 and f is {the wvave 1"re-

quency in cycles per second. In the presence of collisions and
magnetic field, it is still e good approxiration if the collision
frequency and the gyrofrequency are both much less than the wvave
frequency. Since, at reflection, the ordinary wave is unaffected
by the magnetic field, and in the F2-layer the collision ‘re-
quency 1s quite small, the raxi-un electron density N o of the

F2-layer is given exactly by !I. in Equation 1 if the ordinary

wave critical frequency foF2 is substituted tor £ and n is equated
to zero. Thus:

0 = 1-81x10° N, .. (foF2)~? e

or Npax = 1.24 21078 (foF2) (2)
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Under conditions in which Egmtion 1 1is wvalid, the
velocity U of a pulse of waves (the group velocity) is given

by

U=cn ’ (3)

vhere ¢ 18 the free-space velocity ( velocity of light ), anmd

n is the refractive index given by Equation 1. This reintim-
ship 18 a good approximation in the ionosphere for waves well SN
above the gyrofrequency. Thus, U is always less than or equal S r
to ¢,bectuse n is always less than or equal to unity. The RO
virtual height, vhich is equal to the integral of c¢/U over the e

path from the ground to the level of reflection, is thus always }:‘ ""‘ ""._ o)
greater than or equal to the real height. o

In addition to the critical frequencies and the virtual .::.‘_:';'.:'. 2 o
heights of the echoes, an important readily cbserved indicator fri S

of conditions in the ionosphere, ard in particular of disturd-
ances caused by nuclear detonations, is the minimum echoing
frequency on the ilonogram which is desigmated by the symbol
f-min. Because ionospheric absorption tends to be inversely
related to the wave freguency, and even in the absence of ab-
sorption the echo strength tends to decrease with decreasing
frequency,especially at the lower frequencies, as a result of
decreasing efficiency of the antennas, an increase in absorption
tends to increase f-min.

Since absorption takes place mainly in and below the E-
layer (the D-region) where the electron collision frequency Is
greatest, an increase in f-min is usually indicative of an

16
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increase in electron density in the D-region. As the ionosonde.
1s not resdily calibrated to give absolute values of sbsorption
in terms of f-min, only relative values of the chenges in &b-
sorption are given by the changes in f-min.

Frequent reference will be male to bomb-generated traveling
eicsturhences , which dbring about certain changes in Fo-layer
critieal frequencies and virtual heights and may cause stratifica-
tion of the layer. Naturally occurring large-scale traveling
disturbances and their effects on the F-region have been known
for years (Reference 5). They travel with velocities of 5 to
15 km/minute, an? are thought to be gravity waves (Reference 6)
invclving transverse (vertical) displacements like occan waves.
The bomb-generated disturbances travel much faster, (50 lon/
minute and faster),although the speed decreases systematically
vith distance from the source (Reference 7). These speeds are
nore like acoustic speeds, so these disturbances may have more
the character of acoustic shock vaves than of gravity waves.
Their nature is not yet well understood.

17
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TROCETURE

Crerai'on o thwe lonosondes was begun several weeks prlor
-0 tar fish, and again in the fall several weeks before Check
“ate. A copy of the ionograms for the periois indicated below
was lepositei 'n the DASA Data Center. The beginning and end=-
ing tires and dates (GMT') were 0001 July 4 to 2359 July 1k for
uvll statlons, and 0001 Qctober 15 to 2359 Nov 10 for }aul

" " to 2030 Nov 5 for Tern

E " to 0815 Nov 5 for Midway
= g to 1810 Nov 6 for Centon
" " t0 2359 Nov 6 for Tutuila
= " to 2359 Nov 6 for Tonga

ilote, however, thut times and dates printed on the Maul 'ilm
are in 150° ¥ time,

Except Jor a period of hours beginning just before each
shot, lonogra~s were male st l5-minute intervals around the
clock. The time required “or each ionogram was 15 seconds,
except at 'aul where the time was 30 seconds during the fail
series. ZTeginning 10 minutes prior to each of the detonations,
the lonosonies were prograrmed to run continuously, sweeping
through the full frequency range in a period of 15 seconds
{except at iaul vhere the period was 30 seconds during the fall
series). This mode of operation was continued for several hours,
at which tire the frequency of observation was reduced to five-
minute Iintervals followed at a loter time by observations at the
usual 1% ninute intervals,

virtual height calibration markers, generated from time
dfvieion clrcuits synchronized with the transritted pulse, are
photcgraphed along with the echo returns and show on the photo-

18
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graphic records as horizontal lines at 100-km virtual range
intervals: TFrequency markers, vhich are generated by circuits
tuned at one megacycle Intervals, are produced on the ionogram
records as the transmittel frecuency sveeps through evch integral
megucycle. The loncspheric parameters femin, virtual height h®,
and the critical frequencZes are scaled from projected enlarge=-
ments of the "ilm record eni are usuvally eccurate to within a
fev percent. '

For reference, the types of ionosondes and the general
characteristics of the group are given below.

Type C-2 ionospheric sounder at Midway and Tonga

Type C=3 ionospheric sounder at Canton Island

Type C-h fonospheric sounders at Maui, Tern (French Frigate

Shoals), Wake, and Tutuila -

Pulse characteristlcs:

About 15-kv peak pulse power; pulse length approximtely

50 microseconds; pulse repetition frequency normally 60

per second; recording range nominally 0 to 700, 0 to 1,000,

or 0 to 1,400 km.
Nominal frequency coversge:

0.25 to 20 Mc at Mauil and Tern (French Frigate Shoals),

Wake, Canton, and Tutuila; 1.0 to 25 Mc at Midway and Tonga.

Records are linear in time, logarithmic in Zrequency.
Antenna:

Delta-type antenna directed vertically; beamwidth varies

from approximately 30° to 60°at 3-power point as frequency

is varied. ’
Sweep time:

15 seconds, except at Maui vhere it was 30 seconds in the
full series.

19
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The seeurecy of the frequency markers for the C=2, C=3,
and C-b iomosondes is equal to or better than 0.1%. It is
based om 8 I-Mc crystal osncillator. The oscillators for Fish
Bowl vere checked in the laboratory prior to setting up the
stations. Checks vere made in the field against WWVH, the
Netiooal Baresu of Standards Time and Frequency station lo-
cated oa Memi, Bawaii.

The height marker oscillator in the C-4 ionosondes
har an scowacy equal to or better than 0.02%. It is based
an a 3000-¢ps temperature-controlled crystal oscillator. The

helght mrker oscillator in the C-2 and C-3 ionosondes

is not crstal controlled but is compared with a crystal occil-

lator at regalar intervals. The accuracy of the crystal cone-
trolled test equipment was oqual to or better than 0.1%.

On 02, C~3, and C-!i ionosondes ths proper adjustment
of the grommd pulse on the zero-km height marker is set man-

ually asd checked photographically on the ionograms through
the use ef & built-in ground pulse interrupter.

20
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RESULTS

The results precented are:

(a) a group of selected ionograms or =k ctation and
event for which signifiecant eflfesis werc cbserved,
each group characteristically coccZsting of the
ionograns made Just prior to, at i2: time of, and
at one or more significant times Z>Ilowing the
detonation.

(b) plots of F-layer critical frequezs’es and f-min
versus time from H - 10 minutes t2 = + 3 hours,

(¢) plots of F-layer virtual heights =% several fre-
quencies as a function of time Irx= = = 10 minutes
to H + 3 hours,

(a) f-plots for a four-day period begi-=irg the day
dbefore each event,

In addition there are two figures showing the iime variation
of the virtual range of new echoes on the T:iuila and Tonga
ionograms resulting from Star Fish. 2 =

The narrative description of the result: is organized

by event in chronological order, and by stetix Cor each event
in the order Maui, Tern, Midway, Wake, Center, Tutuila, Tonga.
With a fev exceptions, the graphical results z-e presented in
the came order (see list of figures in the iz:I= of contents).
All dates end times in the text and on the fi-res, other than
times referred to detonation (H) time, are 2= =7T. An exception
is the 150°W date and tire that appears elom.: ‘e right-hand
elge of cach Maul ionogram, which wvas placel o the origlial
film at the time the ionogram was made.

- The f-plot needs special explanation, It is a graph
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showing the diurmel variation of certain characteristic fre-
guencies on the ilonogram, including the critical frequencies
and f-min, according to internationally adopted eonventions.
It i1s a very useful tcchnique for showing the hour-to-hour
variations of some important ionospheric characteristics. A
description of f-plot conventions and syrbols is given in the
Appendix.

The remainder of this section will be devoted to a de-
scription of the effects at each station of each shot.
Star Fish, Maui.

The detonation occurred at 11 PM local time at the Maul
location. At this time the F-region was experiencing its nore
mal late-evening decline in maximum electron density. Typical
values for this time of day are betveen 5 and 6 Mc for foF2,
vhile f-min is normally about ‘'0.h Mc and quite frequently
sporadic-E is also cbserved. The sounder was sweeping through
abtout 5 Mc at the time of the detonation. Figure 2A shovs the
last normal sounding taken Just prior to detonation. Multiple
reflections from the E-rand P-regions are clearly cbserved, and
this along with the lov value of f-min indicate that low night=-
time absorption conditions in the ionosphere prevailed. Figure
2B shovws the lonogram made at the time of detonation,and it may
be seen that echoes immediately ceuse at 9 seconds after the
hour (indicated by the white timing dot at top edge of the lcwo-
gram) and complete blackout sets in. In the right-band portiom
of this jonogram it may be seen that noise end interference as
well as vertical incidence echoes are campletely eliminated.
The tem'blackout“il used to indicate the absence of echo retum
on the ionogram. Figure 2C shows the ionogram made 21 minutes
later. Faint echoes are visible Just below 5 Mc, but at greater
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virtual heights than the pre-shot echoes at the same fre-
quencies. This is believed to be additional retardation

caused by new ionization formed in the E-region. Figure 2D

is an ionogram made 2k minutes after the detconation. Absorp-
tion is still considerable,and the critical frequency bas
decreased to a value less than 4 Mc. Figure 2E is en ionogram
mde one and a helf hours after detonation and, except for lower
than normal critical frequencies, represents a rather normal
ionosphere.

Figure 3 shows the changes in f-min, foF2 and fxF2 at
Maui. Total blackout lasted for a period of about 105 seconds;
i.e., f~min exceeded 5.5 Mc for this length of time. Following
blackout, the value of f-min decreasel approximately exponen-
tially with a decrement coefficient of about 15 minutes. As
shown in Figure 4,1t continued to decrease, with fluctuations
for several hours. Also in Figure 3 it may be seen that the
F-layer critical frequencies decreased rapidly starting at
approximately H + 10 min. The value of foF2 decreased from
a pre-shot value of 5 Mc to 2.5 Mc within 35 minutes of the
explosion, vhich corresponds to a reduction in elcctron density
by a factor of 4. The normal rate of decrease in ionization
density at this time of day is much slover. The F-region crit-
ical frequency remained near this low value until sunrise (see
Figure 4).

The upper part of Figure 25 shows for Maui the variation
of virtual height at selected frequencies on the same time
scale as the frequency plot in Figure 3. The variations fol-
lowing the shot are mainly the result of changes in f-min and
in the electron density of the layer and attendant changes in

:
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height of reflection and retardation. Thus,the gap of 10
minutes follcwing the shot resulted because f-min exceeded the -
highest frequency plotted (3 Mc) during this interval. Sub-
sequent breaks in the 3-Mc curve resulted from the decrease of
20F2 below 3 Me, and the variations of the 2-Me curve are pri-

sarily the result of foF2 variations with attendant changes in R
virtual height as well as height of reflection at 2 Mc. ~ :'_ X
In Figure U are f-plots covering the four-dsy period '::_‘:'_::--._ ;'_".-;1:-.
beginning the day before the Star Fish shot. It is note- AN
vaothy that f-min rose to exceptionally high values, 5 Me, E_Q . X
near local noon following the shot. The usual noon value ':::."-:.f_".' g

ic rore like 2 Mc., Higher than norml values also occurred OV
near noon on July 10. F-region critical frequencies appear LRt
to have been normal after sunrise on July 9. The "C" in the ;-':;“T*.“"-'""*'»;';‘
f-plot for July 8 refers to equipment outage. 3

Star Fish, Tern. .
Figure 5A shows the last sounding taken at Tern just

prior to detonation. Strong multiple reflections from the
E-and F-regions vere recorded as a consequence of the low i) o_
ionospheric absorption at this time of night. Figure 5B o
shows the ionogram which was being made at the time of detona-
tion. Complete blackout occurred promptly. Total blackout
wes ~bserved for approximately 85 minutes. Weak sprcad echoes
then followed as shown in ionograms 5C and D made at H + 9%
ninutes and H + 160 minutes, respectively. Considerable spread-F
was recorded during the remainder of the night as exemplified
in lonogram S5E made about 5 hours after the detonatiom.

Figure 6 shows the changes in the ionospheric character-
istics for the three-hour perisd following the detonation,
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vhile Figure 7 shows a four-day sequence of f-plots. After
recovery from the blackout, f-min slowly decreased, retwning
nearly to normal by sbout H + 5 hours. At sunrise, the combi-
nation of low critical frequencies and increasing f-min resulted
in another Jeriod of blackout. High values of f-min persisted
throughout the daylight hours of July 9, but daylight values

on July 10 and 11 vere only slightly above normal values.

After sunrise on July 9, F2 critical frequencies were normal.

Because of the long blackout, no virtual helght variations
are presented for this station.
Star Fish, Midway.

At Midway, prior to the detonation, f-min was below the
lover limit of the recorder (1 Mc) which was normal for the
hour; foF2 wus varying in about the same mann~r as on the pre-
ceding day, decreasing slowly.

Sample ionograms for Midway for the periol of interest
are shown in Figure 8. Ionogram A in Figure 8 shows the last
full sveep before H = 0. In the following lonogram, B, H =0
occurred Just as the frequency reuched 3 Me. The resulting
blacket occurred instantly and lasted 8} minutes folloved by
a gradual recovery. Ionogram C at 0909 GMI' shows an early
stage of the recovery. By 0917 the critical frequencles were
clearly seen, as shown in Figure 8D.

Shortly after recovery began, foF2 was about the same
as the pre-shot value (Figurc 9). Thereafter, there wus a
small increasc from about 4.9 Me to 5.6 Mc by about 0916 GMT,
followed by a steady decrease to an abnormally low value of
about 2.5 Mc Just belore 0935 when a second blackout of 2%
minutes duration occurred.
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Pollowing the second blackout, foF2 gradually increased
over the next 60 minutes or so to about L.0 Mc vhich is about
nogml for the hour.

Sporadic-E (Fs) of & non-blanketing type vas prominent
by 1020 GMT as seen in Figure 8H, and by 1110 GMT this became
bispketing and obscured the F-layer as shown in ionogram 8J.
A comsiderable amount, of spread-F was evideant throughout the
remainder of the night as exemplified in ionogram 8J.

V¥irtual height variations for Midway at 2 and 3 Mc are
shoun In the middle part of Figure 25. As in the case of the
curves for Maui in the upper part of the figure, the virtual
height variations are primarily the result of variations in
fo¥2 with attendant varistions in virtual height and height
of reflection.

The f-plots of Figure 10 show the longer term behavior
of the ionosphere from the pre-shot day of 8 July to 11 July.
Begimning about 1} hours after sunrise, from about 1830 to
2130 O on July 9, and again from 0000 to 0300 GMI' on 10 July,
blackout prevailed. This possibly indicates the arrival of
debris at Midway.

Following the initial bluckout, f-min decreased steadily
but sever reached normal values that night (Fig. 9), and was
abnonwmlly high throughout the following daylight period.
Thereafier, it behaved normlly.

Star Fish, Vake.

Critical frequencies and absorption in the ionosphere
were noral for the time of day at Wakc preceding the shot.
The eriticel frequencies vere decrearing slowly, although
occasionel increases were not unusual at this hour.

The ionograms of Figure 11 show the effects of the shot.

e .
LI
.
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Figure 11A is the Z=st full lomogram dsZore the shot. The,
detonation occurre® just at the end of famogram A. Ionogrem
B shows a considerable diminution of i=tarfering signals from
distent stations es well as marked abs=tption of the echoes.
A local marker bess:m and its barmonics remain at the low
frequency end of t:= sweep. TIonogram C, made one minute after
the shot, shows a —erked retariation in the F2-layer echoes
at the lower fregusmcies and the appearence of an Fl-layer

of the daylight tyoe with foFl of 2.5 Y. An E-layer 4is also
visible. :

A vell-defin=3 daytime type of E-Isyer, with critical
frequencies foE enZ IXE of 2.2 znd 2.7 Xx,respectively, is
clearly shown in fcmogram D rele at H + 3 minutes.

Ionogram E, ==3e at H + 9 ninutes, still shows i2-layer
retardation at ths lower freguencies, =22taough echoes from the
lower layers were no longer recorded.

Figure 12 skcws 2 post-gshot incresse in the critical
frequencies of abcist 0.3 Mc. A small Izcrease in foF2 was
underwvay just befcra the shot,end a rise of the amount observed
could have been a mcrmal rise reather ti=z an event connected
change. This, howeTer, was followed by 2 relatively rapid
decrease, then succassively st=ller inc-eases and decreases
like a damped osciZilation.

Prior to the zhot, f-min was normel. At shot time,there
wvas a sharp increase in f-min, but cormplate blackout was not
recorded. This pcssidly may heve been t2cause the detonation
occwrred during tbe period of zbout one second between the L RSO
end of one ifonogrex =nd the becinning o the next. If a '.:'.j.'-;.-'.:, e .':.:
complete blackout Lzi occurred, it woull tave been of a -
duration sharter ttan 9 scconis. In tk= second ionogram
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following the shot, f-min had already dropped to sbout 1.5
Mc, after vhich it decreased very slowly, reaching pre-shot
values just beZare sunrise.

Since at %eze f-min did not exceed the critical frequevey,

and returned to below 2 Mc almost immediately, there is an
almost complete record of the changes in the virtual beights
at all frequencies Irom 2 Mc to the critical frequency. Thus,
the lover part of FTigure 25 shows the immediate increase in
retardation cavsai by the formation of ionization below the
F2-layer. Except 2t 2 Me, return to pre-shot virtual heights
took place quickiy, in about 7 minutes at 3 Mc, and in less
time at the higher frequencies. The remaining variations are
primarily the result of critical frequency variations and at-
tendant changes in reflection height and retardation.

The f-plots Zor 9 July in Figure 13 shows the slov de-
crease of f-min, and a rise to abnormally high values follow-
ing sunrise. Absorption was only slightly ebove norral during
the sunlight period on the following two days. These plots
also show that F-region critical frequencies were lowver than
usual during tke re=ainder of the night after the explosion.
Star Fish, Centon. ‘

The ionoszh:ere at Canton eppeared to be undisturbed
prior to the detcation. The critical frequencies and f-min
were about norrel shen compareé with the medians for the
preceding 22 deys. Slow variations in critical frequency of
about 1 Me were 3ot unusuel at this hcur. At 0900 GMT, foF2
was nearly constz—% or decreasing slowly on normml days.

Figure 15 s the last co—plete ionogram before the
shot. The shot tock place halivey through the rext icmogram.
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Blackout onset was instantaneous and lasted over a minute.
Interference from distant stations also vanished instantane-
ously. Figure 14C is the first ionogram shoving an echo after
the blackout.

Shortly after the blackout,the ionogrems took on the ap-
pearance of daylight ionograms (e.g. IMD). Ionogram E in Figure
14, made at H + 30 minutes, shows an early stage of the forrm-
tion of spread echoes which cbliterated mormal echoes iater on.
It should be pointed out, however, that spread echoes normally
occur at this time of night at Cantom.

As shown in Figure 15, the cratical frequency (on)r .oF2
was scaled) following blackout remained at the pre-shnt value
for about 7 minutes. It then increased rapidly to values
higher than normal daytime values, ecorresponding to an increase
in electron density in excess of 2 times. Following this in-
crease, foF2 fell off steadily until about H + 60 minutes ani
thereafter could not be scaled accurately because the echo was
diffuse and spread. Maximum observed frequencies of echo re-
turn are plotted thereafter. The spread echoes were abnormal
in that there was considerable horizontal stratification with-
out any indication of turn-up at the saximum frequency of echo
return. This spread condition persisted until sunrise after
vhich time echoes appeared normal.

The velue of f-min decreased rapidly following the
blackout, but leveled off after about H + 15 minutes at values
well above the pre-shot values. HNormal values were reached
at about H + 80 minutes. In the following two nights (Figure
16) f-min ves higher than normal. The values of f-min for
8 July are very near the medien level for the 22 days pre-
ceding the detonation (not shown in figures). -
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Perhaps because Canton is near the magnetic dip equator,
the virtusl height varistions shovn in the upper part of Figure
26 cannot be attributed me=inly to variations in the critical
frequency, as in the case of Maui, Midway, and Wake in Pigure
25. The initial jump at 211 frequencies, following the brief
blackout, is the result of fresh ionization formed almost ine
stantaneously below the prc-shot F2 layer. The new Fl-layer
thus formed seemed to 1ift up and merge with the old layer
while both continued to increase in height for a couple of
hours.

Star Fish, Tutuila.
Normal quiet ionospheric conditions prevailed at Tutulla

prior to the shot. At 0500 GMI, foF2 was normally constant or
slovly fluctuating. The =inimum frequency at which echoes
vere observed was 0.25 Mc, the lower frequency limit of the
ionosonde.

The last complete fcnogram prior to detonation is shown
in Figure 17A. The next ionogram, B, shovs a sudden interrup-
tion of echoes at H = O. In the next ionogrem, C, echoes ap-
pear in the vicinity of 12 to 1k Mc at virtual heights less
than 200 km.

Ionograms D and E show the further development of the
shot-induced layer. The echoes appear at an unusually low
virtual height and at first seem to have some of the appear-
ance of oblique sporadic-E echoes. Howvever, as tle echoes
develop, the character changes to that of a normal F-layer
and shows in ionogram E mede at B + 3.75 minutes a second
order reflection. The fact that the second order echo occurs
at almost exactly twice the time delay of the main echo indicates
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that the echo is a vertical-rather tlan an cblique reflectiocn.

The variation in the value of the maximum cbserved fre-
quency is shown in Figure 18. This plot shows a sudden rise
in the value of the maximum frequency at I = 0 followed by &
decrease to near normal values at H + 20 minutes. This was
followed by an increase to a maximum around 14 Mc at H + 65
minutes and a second decrease to a minimm by about H + 110
minutes. Thereafter, as seen in the f-plots of Figure 19, tde
echo becomes very diffuse. At sunrise,there is a general return
towvard normal with somevwhat lower than normal critical frequen-
clies in the morning.

The value of f-min increased sharply at H = O, then dropped
rapidly for about 10 minutes, after vhich there was a slow de-
crease for about two hours, leveling off at about 1.2 Mc com~
pared to a value of less than 0.25 Mc through the hours of
darkness prior to detonation. The f-min was also somevhat
above normal throughout the daylight bhours of July 10 and 1l.

The virtual heights of various layers show some interesting
aspects and are shown in Figure 20, These heights were scaled
in the usual manner as minimum virtusl heights without regard
to frequency. F-layer virtunl heights at fixed frequencies
are shown in the lower part of Figure 26. _Referring first to
Figure 20, prior to H = O the sporadic-B-and F2-layer heights
at about 90 and 260 km, respectively, were constant. At H =
0,the tvo layers were momentarily blacked out by the high abe
sorption, after vhich a nev layer appeared with a virtual height
of 135 km. The virtual height increased from 135 to0 320 kn
in 20 minutes. The virtual height decreased to 200
km by H + 80 minutes and varied only slowly for some time there-
after.. This layer remaiicd well defined.

n
SECRET

- - -
T Tt e naes Jite S St Sadide o b Ty e Y ——_—Y o e — TS STIm ey, <, o

- Py - - - -
D T R L e R B A LI T AL L IV L S R P R R R i B R R R R )



At B + 20 minutes a diffuse layer appeared at a virtwal
height of 600 kn which decreased rapidly to 420 Jm in 4O minutes.
It wms not seen thereafter. An additional weak layer appeared
at I ¢+ 32 minutes and returned echoes for more than 20 seconds.
Occasioml transient layers were observed from time to time.
Sporedic-E layers were intermittently seen after H + 46 minutes
but were wesk and not persistent. g

Figure 26 (lover part) shows the sudden appearance of “;'.:'
echoes at frequencies vell above those before the shot, at R .
substantially lover virtual heights. The highest freguency F. . ‘:.
scaled for this figure wvas 14 Mc, but echoes appeared et fre- A I :
quencies well above this in the first two or three minutes
(Figares 17 and 18). Here again, as in the case of Cantom,
the variations of the virtual height curves cannot be vholly
explained in terms of critical frequency variation. There was,
in addition, substantial variations of the height of the layer
as a whole.

The nev layer was formed almost instantanecusly at ab-
normlly low heights. Then, as the ionizing source strength
decreased rapidly, or vanished, recombination quickly ate
awvay the lower part of the layer, causing the rapid increases
in virtml bheights until about H + 20 minutes. Some retardation
contributed to the increases after about H + 10 minutes as the
critical frequency was then down to 10 Mc and lover, reaching
approximately pre-shot values by about H + 18 minutes.

Thereafter, the critical frequency increased, and virtual
heights decreased as a traveling disturbance began to arrive.
The heights continued to decrease after the maximum critical
frequency associated with the disturbance had passed.
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Star Fish, Tonga.

Equirment difficulty at Tonge, beginning sbout 5 _minutel
before the ietonat:icn, prevented observation cf any prompt ef-

- fects assoclated vith the shot. The ionogrer shown in Figure

21A was sade 9 minutes before the explosion aanl indicates that
ionospheric conditions were near norml. Figure 21B is an
ionogrem rade at X ¢ 1 mluute in vhich the absence of all echoes
may be ncted. Ionograms mede thirty minutes zfter the blast
still shcved no echo returns. When continuocs operation of the
ionosonde was resumed at H + 48 minutes, nearly total blackout
was still 4n existence. Very veak echoes vhich developed into
a nev layer were beginning to appear at a virtual height in
excess 02 L0OO Xm at a frequency of 13 to 1 ¥e. The virtual
height of this layer decreased slowly at a rate of about 2
km/min, anl the frequency range of echo returzs grew, maintaine
ing approxirately a constant upper frequency limit but extending
to lover frequencies with time. At H'+ 57 minutes a second
layer begen to form at about the same virtusl height where the
first obscrved layer had originated,and it also decreased in
height with time. The virtual height of varicus echo returns
for a pericd of more than two hours is showvn in Figure 2L,

The ionograms in Figurc 21 show, in addftion to the two
layers mentioned above, the development of a tkird and fourth
layer at virtual heights of 140 and 1£0 km. The sppearance of
echoes without retardation at the upper-frequency cnd suggests
that all ol these layers vwere thin, or that the echoes vere from
an obligue irregularity. In ionogram H,the uzper echo region had
developed retardation at the upper frequency ead, secn in spite
of the spreal echoes. Considerable spread-F wus observed
through-out the remainder of the night. Figure 22 shows the
variation of f-min and the freyuency ranges over which the cchoes
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from the layers discussed sbove wvers observed.

Virtual heights at fixed frequencies are not presented
for Tonga. Y

Figure 23 shows the Tonga f-plots. At sunrise following
the shot, f-min increased to and remained st higher than normal
values throughout the daylight hcurs of 9 July. Caly slightly
higher absorption occurred during the daytime on 10 July. Fol-
loving sunrise on 9 July, the F-region critical freguency behaved
normally.
Check Mate, Maui,

Figure 2™\ shows the pre-shot ionogram. The explosion
took place as the ionosonde pessed 0.5 Mc on the next (o830
GMTI') ionogram, Figure 27B. There was an instantaneous though
barely perceptible decrease in noise and interference in the
next 100 ke or so (compare Figure 27B with Figure 27A),end the
decrease was very noticeable below 0.5 Mc in the following sweep
1 minute later (compare Pigure 27C with 27B and 27A).

A faint sporadic-E echo at 100 km between about 0.5 and
0.6 Mc in Figure 27A does not show in Figure 272 and d1d not
reappear until sbout H + 14 rifgutes. It seems likely that the
disappecarance was caused by increased iblorption, but because
of the variability of sporadic~-E itself, the retwn of the echo
indicates only the upper limit of the duration of the absorption.

Near noon the next day (Figure 29), the sbzorption wvas
somevhat higher than usual, but e similar thing occurred near
the noon preceding the shot. A unusual fuzziness of the F-
region echoms also occurred near the following nocn.

A elight increase in the ¥2 critical fregquencies lasting
about five minutes started abost H + 24 minutes (Figure 28),
suggesting the passage of a shot-generated traveling disturbance.
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Passage of the disturbance is also indicated by the slight
decrease in virtusl height st 3 Mc between H + 20 minutes and
H + 30 minutes in the October 20 section of Figure 87. Otber-
vise, there was 1ittle to suggest aay effect of the explosion.
Check Mate, Tern. .

At the time of Shot Check Mate, ionospheric conditions
appeared to be pear normal with multiple F-layer echoes and an - :
E-layer echo as shown in Figure 30A. The shct occurred at about B Bk
10 ¥ oo this ionogram. Figu'e 308 rade imscdiately after the o
detonation indicates that a modest increase in absorption occurrad X ) o
which caused a loss of multiple returns, a reduction in the A
strength of the E-layer echo return, and a diminisbed amomt of TR i
interference. The increased retardaticm at the lover freywency i:‘;;;'__ _.'..- 3y
end of the F-region echo indicates an incresse of lonization L
at heights below the reflection level. The variation of f-min
in Figure 31 shows that the absorption diminished to pre-shot
values within 10 minutes.

The extended range ionogram of Figure30C made at H + 8
minutes shovs that low absorption exists, as evidenced by the
maltiple-ccho returns. There is also indication of an oblique
echo extending in frequency to about 6 M at a range of about
650 . The ionogram of Figure 30D, made At H + 10 minutes,
shovs a continuation of this oblique echo between 5 and 6 Mc
at s range greater than 500 km as well as a sprecd-F condition.
At this time,a rapid change in critical frequency begins to
occur, with ™2 critical frequencies increasing by 2 ¥c in an
interval of about 7 minutes. This change in critical frequency,
(see Sigure 31) corresponds to an increase in electron density
of 2.5 times. Folloving the steev increase, in foF2, the
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critical frequencies decreased 1 Mc by about B + 28 minutes.
-'I'M.s bump on the critical frequency curves wvas undoubtedly the
effect of the passage of a shot-generated traveling disturbence.
The passage of the traveling disturbance is also well
marked in the October 20 sectiom of Figure 88. Note also im
this figure the sudden increase in the 2 Mc curve at H = O, caused
by the additional retardation resulting from new ionization formed
instantaneously in the E-or lower F-region over Tern.
In the f-plots of Figure 32 at 1300 GMP on 20 October (B +
4.5 bours), f-min increased to near its daytime value,although
this was some L hours before sunrise. Echous indicating strat-
ification of the Frregion was also observed at times during
this period of high f-min, and a representative ionogram, mmde
at H + 5 hours, is shown in Figure 30E. The increase in sbsorp-
tion observed at this time may have resulted from debris vhich
arrived over Tern. If this is the case, the average drift velocity
from the detonation was approximately 180 km/hr. The absorption
vhich occurred during the daytime hours following Shot Check
Mate was no greater than that on normal days. This differs from
the effects observed after other shots when significantly greater
absorption than normal was produced in the daylight hours.
Attention is called, in Figure 32,to the extraordinarily
strong blanketing sporadic<E echoes wvhich occurred for tcveral
hours beginning at H + 29 hours (1300 GMP on 21 October). This
was possibly caused by bomb debris drifting cver Tern at this
time. Similar effects were observed between H + 17 hours and
H + 28 bhours following King Fish (Figure 66, 0500 to 1600
GMP, 2 November).
Check Mete, Midway.
The last pre-event ionogrem is shown in Figure 33A. The
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foF2 and f-min were sbout normal for the hour.

to increase the critical frequency (Figure L) and dcercus. thr.
virtusl heights (Figure 89, October 20 scctisa). Another, much
veaker, disturbance seems to have arrived at about § + 10Y minutr:.
It produced a barely perceptible increase in critical frequancy :::" :::-j._:' _-_.:{':
and decrease in virtual beight. A more marked indication of its . . ... ...
arrival is the cblique echo vwhich appears 12 the ionogram rude at

H + 100 minutes (Figure 338). It may, hovever, have had & nutur:1 . @ _ @
origia- e
Multiple traces, such as those in Figure 33C, continucd to :'.:-.:L}‘:. :-‘_Q',‘.

appear wntil sbout H + 3.5 hours, but are not necestarily bomb- :"‘: N SN
associated. .

Interference prevented accurste determ!nations of f-min,
but within the avallable indications, there was no abnormal lucul
absorrtion caused by the shot. Both f-min eni the eritical fre- .
quency vere normal in the tvo days following the shot (Figure 35). - -
Check Mate, Canton.

At the time of dotomution, femin wus U.5 Mc, und fol? wue
9.0 Mc and decreasing slowly. For the perici 19«31 October, nt .
this hour, foF2 was normally 6.5 to 9.0 Me, cnd there was u :j-': e
tendency for spread-7 to develop. Jlmmediately prior to the diote RS

-' B A S e FCaR

onation, there was same spreading of the F-trzae near 3 Me and 90
uls0 a faint trace of Es ut a virtusl height of JGO kme Fipure \ e
36A shows the pre-chot fonogram. The shot t:l. ploce ut about .
10 Mc oo this ionogrem. The next iunogrum { isure 36B) shows s
a moderate Increase in femin to about 1 Mc. There was no . BTN

discernible effect on the F-layer. Along with the inercesc in
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f-win, there wvas a decrease in interference particularly in the
dbroadcast bend. Interfering signals are still missing in the
ionogran made at H + 30 minutes (Figure 36C).

There wvas a gradual build-up of obligue echoes faintly
seen at 0900 above the regular F-layer trace. By 0923, Figure
36D, echoes at several ranges had appeared. Thereafter, the
additional echoes diminished,and by 1000, Figure 35E, the record
vas not greatly different {rom the pre-event record, except that
f-min vas still moderately ebove normal.

The effect of a traveling disturbance may be discerned
in the oscillation of foF2 in the interval between about H + 30
nminutes and H + 60 minutes in Figure 37.

The spread-F shown in the f-plots (Figure 38) wvas moderately
Giffuse, extending from the lowest observed F-layer frequency
up to foF2. An example of this type of spread-F ey be seen in

Figure 36.
There vere no abnormal height variations of the F-layer

following the shot.
Check .Mate, Tutuila.

A prompt increase in absorption is indicated by the prompt
decrease in noise and interference at thc lover frequencies, the
incrcase in f-min, and the disappearance of sporadic-E multiples
at the lower frequencies. In the frequency range between about
3  and 6 Mc on the pre-shot ionogram (Figure 39A), there are
traces of echoes from the previous pulse (1/60-second additonal
delay)--the fuzzy traces sloping upward at about ¥5° angle.
These had all but disappeared in Figure 398, indicating a small
amount of absorption. By approximately H + 1.5 minutes, how-
ever, they were back at nearly full strength. Also, f-min had
recovered substantially, although the sporadic-E multiples ncar
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0.5 ik hed not reapoveer23. A new sporediceE echo had apm'
2t about 60 km briwcen errroxtzately O.b and 1.1 Me. This :
ceno Is ottll ovident et T - LQ mlautes ‘a Flgure 30 Vet ween
Dets amd 0.5 Me =t zbout £ - %0 nfadies. smluhough it is not :
visible in the ecxtendud rwzz- ‘cnograum, I gurc 39C, made at |
li + Q45 minutos, '
in the F-reglon thes: wes 2 truvel’ :g disturbance which
rirst appeared et ¥ + .5 ~l7utes as a faint trace at a range
o' abeut }00 kme The ranze iccreased and the echo developed |
structure. appouring at % - 2.5 minutes a2s shown in Figure 390,!.
ot # + L0 mlnutoc as in Tosore 39D, and et H + 1.5 hours o8 :
shown Iln l'gure 3CE, wher: “tc range Is subsiuntially less
thun that o the first hor o7 the regulsr F-echo. In ten
more minutes Lhe regular S-z2hoes werc obscured, and 2-hop
and hlgher ordor cchoes tenicl to disappear altogether. The |
new echoes then ireresced "= runge as though the disturbance |
hed passed by. By H + 3 kours. the regular P-echoes had reappea¥cd
clearly,end the minlmm rznse cf the new echoss wes greater thaP
thut of the first hop regulzw echo. By ebout B + b hours,the |

new echoes had cempletely iissppeared,

As 1s apparent Sn th: Ionograms of Figure 39, equipment !
difficulty und/or Interferv=z2 atove 9 Mec prevented recording
good cchoes from the regulzr “2-layer (although the obligue
cchoes show up above 9 Mc %2 30C and 39E). Thus, the trend of
the rcgular Fo-layer critizeZ frequencles is not shown beyond:
about H + 30 minutes in F{z:r= L0. However, the virtual height -
changes assoclated with tke Zlsturbance mentioned above are re- v
flected in the curves in th: upper section of Figure 90. The
ebnormally high f-min valusz ={ter about H + 90 minutes, chown
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" in Figures 10 and 41,mey have been essociated with the dis-

turbence. The origin and nature of the disturbance 1s not
clear at this writing.
Check Mate, Tonga.

Two ionograms, A and B, of Pigure 42 Sllustrate effects
of Shot Check Mate.

Ionogram A, 0829 (3/4) G, was the last made prior to
the shot, which occurred at its end. On this ionogrem, f~min
is less than 1 Mc.

Ionogram B, vhich started about H + 20 seconds, shows an
increase of femin to 1.2 Mc and the loss of a few interfering
signals. All other characteristics rereined at pre-event
values. The increase in f-min say well have been fortuitous,
as moderately enhanced f-min comtinued for asbout an hour (Figure
u3).

The f=plots in Figure 4k show no recognizable effects of
the event.

Blue Gill, Maui.

This shot occurred at about O.7 Mc on the 1000 GMI' sveep
(Figure 45B). Some slight decrease in interfering signals in
the next 100 ke or so is possible but not marked {compare Figure
458 with Figure 45A). In the mext ionogram taken 30 seconds
later {not shown), the decrease in noise and interference below
about 0.6 Mc is very marked. Anm Increase in local absorption
was 2ndicated by the disappearsnce of the sporadic~E echo which
appears at 100 km in the vicinity of 0.6 Mc in iigures L5A and
L45B. This echo reappeared at about H + 14 minutes. The time
of reappearance of the echo coincided with a decrease in local

absorption as indicated by the drop in f-min at H + 1} minutes
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in Figure k6. There were no further indications of abnorral
absorption wntil ebout 1300. At ebout this time, the F-region
echoes disappeared for a short period (Figure 4#56). But this
may not have been simply an incresse in absorption; it rmy have
been the result of a drop in criticel frequency below the occulte
ing frequency (fbEs) of sporadic-E. At about H + 12.5 hours,
Just after local noon, there was an unusual increase in f-min (o Scon”
for about an hour (Figure 47), possibly indicative of debris ROy
pessing by. SR

There were several well-marked traveling disturbances i y
in the F-region. One is illustratei in Figures L5C and 45D, SRERI L
another in 45E, and a third in L5F. The passage of the disturbe
ances produced rarked stratification. Associated with these
three disturbancec are the two hurss at H + 100 minutes end H
+ 130 minutes, and the uptilt at ¥ + 165 minutes on the 2-Mc
curve for 26 October in Figure 87, end the two jogs in critical
frequency at H + 95 minutes and H + 135 minutes in Fig. k6. A
Jog for the third disturbance did not show up this tigure. The
disappearance of the 3-! curve at H + 5 minutes 41s the result
of the decrease in foF2 vhich was n progress before the shot.
The reappearance at H + 35 minutes ray be the rcsult of a dis-
turbance generated by the shot.

Figure 45H 1llustrated the appomrance of the F-region
echoes after the period of weak echoes illustrated by Figure
56, RN
Blue CA11, Tern.

F-layer critical frequencies end femin weres neer normal :::'.:-::_:':':.:.f'-':j
values prior to the Blue Gill shot. Figures 48A and X show SR

the lonograms madle Jjust prior to, and 4immediately following,
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tze shot, which took place et about 8§ Mc in LEA. Promgpi uie
sorstion of ‘considerable strength is denoted by the incrwese
In Z2-=in and loss of the zmlfiple F-layer and E-layer -chise
reccried in A. Higck =bsorption existed for only a few minutec,
Ecwever, as indicated by the f-min plot in Figure L9. Froezpst
values vere reached again aftcr about 30 mlautes. .

%o prompt F-reglon effects were observed, but critical
Zrecucncies began to be disturbed at sbout H + 10 minutes
(Ftsre 49). A fairly rapid decrease began at abcut H + 25
~fmutes, and the greatest «ffect (traveling disturbance) tcck
Tlzce near H + 4O minutes. See tangled traces in Figure L8C,
223 repid development illustrated in Figures 48C through E.
Also note the virtual height curves for 26 October in Figure
&3.

Taking 25 minutes, the time of beginning of the decline
in critical frequency, as the time of the arrival of the dis-
turtzace, and 900 km as the approximate distance to the shot,
tne everage velocity was 0.6 km/sec. Additional traveling
jisturbances moved over Tern beginning at approximately H +
60 2n3 at H + 80 minutes. The ionogram record made at H + 69
=izutes, Figure 487, shows an example of stratification and
otlizue echoes resulting from these disturbances.

A large increase in absorption near the time of sunrise
o3 tke morning after Blue Gill caused near, or total, blackout
ol echoes for more than an hour. This blackout effect, which
=2y be observed in the f-plots shown in Figure 50, resulted
fr the fact that f-min increased, due to D-region absorption,
rore rapidly and to hisker values from the solar excitation
4tz 3214 the F-region critical frequencies. Absorption cone-
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tinued to remein significantly higher than normal for at least
30 hours following the detomation and included the per_iod of
darkness on 27 October. P-region critical frequencies vere
near normal values vhen cbservable after the sunrise blackout
on 26 October,and no further anomalous F-region effects were -
noted.

Blue Gill, Midway.

The pre-shot ionogram is shown in Figure 33D, vhich was
cut off at 6 M as a result of equipment malfunctioning. All
of the important information is, however, shown in the portion
below 6 Mc. Note that f-min was less than 1 Mc, and sporadic-E
echoes went to 2.6 Mc.

Shot time wvas at the beginning of the next ionogram,
Figure 33E, at about 1 Mc on this ionogram. The sporadic-
- E echoes disappeared resulting in an increase of f-min to about
1.7 Mc. The sporadic-E echoes again appeared faintly in the
next ionogram made 15 seconds later (not shown), and f-min vas
again belov 1 Mec by H + 10 minutes,

There vas no striking evidence of shot-generated travel-
ing disturbances, though some of the fluctuations in critical
frequency in Figure 51 and in the 26 October virtual height
curves of Figure 89 may have been shot-generated. Figure 33F
shows disturbed traces vhich occurred more than 2.5 hours after
the shot.

By 1425 (Figure33G) bdlanketing sporadic~E cbliterated
F2-layer echoes to a large extent. The ionograms for the
period from 1430 to 1610 shoved complete blanketing by sporadic-
E, perhaps indicative of debris. This period is indicated in
the f-plots of Figure 52. Sporadic~E was also stronger than
usual during the following daylight period.

49
SECRET




L]

P

s s

PO

Blue G111, Canton.

At the time of detonation, the F-layer showed consider-
able spread-F. The maximum echo frequency was about 11 Me.
Sporadic-E wvas moderately strong,end f-min vas about 0.5 Me.
This is seen in Figure 53A. The shot occurred at about 2 Me
on this ionogram. The immediate effect is a marked decrcase
in the droadcast band interference (500 to 1,500 kc) in Pigure 53B,
with a diminution of interference up to about 4 Mc. The vertical
incidence echoes remained virtually unchanged, although there
was a slight increase in f-min,

Following the shot, there was a gradual increase of f-min
starting about 10 minutes after the shot. But,this may well
have been & normal fluctuation (compare with other nights in
Figure 55). Figures 53C and D show the situation at H + 27
minutes and H' + 90 minutes, respectively.

Following sunrise, however, f-min increased to somewhat
higher than normal values. Figure 53E shows the ionogram for
H + 12 hours.

Blue Gill, Tutuila.
The shot occurred at about 13 Mc on Figure 56A. Absorp-

tion increcuced suddenly, as indicated by the increase in f-min
(Figures 56 and 57) and the disappearance of sporadic-E echoes
(Figure 56B), but recovered substantially in 2 minutes (Figure
56C). Maxirum f-min was 2 Mc. Absorption increascd again
beginning about H + 1 hour and 40 minutes (Figures 57 and 58),
f-min reaching 1.5 Mc by about H + 2 hours and L0 minutes,

but subsiding to normal by about M + & hours. Absorptiom
again becarme sbnormally high at sunrise, lasting about four
hours (Figure 58). There were epparently no effects in the F-
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region. Virtual heignts showed no unusual variations following
tkis shot (Figure 90).
Bluc G111, Tonga.

Three ionograms, C, D, and E of Figure 42,1llustrate
effects of the Blue Gill shot.

Ionogram C, 0959 GMI', shows the situwation Just prior
to the explosion. Multiple echoes from both E-and F-regions
are clearly visible. The shot tock place at about 6 Mc on
this ionogram.

Ionogram D, H + 15 seconds, shows very little change in
the F-region,but absorption has cbliterated echoes from the E-
region. The result 1is a sudden increase of f-min from less
than 1 to 2.3 Mc. There is also a marked reduction in the
nuber of interfering signals. A vestige of the first multiple
echo from the F-layer survived; critical frequencies remined
unchanged.

Ionogram E, H + 25 minutes, begins to lock like the pre-
event ionogram. A lack of multiple echoes from the E-regiom,
however, shows that absorption at the lower frequencies is
still somevhat enhanced.

The behavior of f-min is shown in Figure 59. There was
no appreciable disturbance of the F-region. There were no
unusual fluctuations of the critical frequencies.

The f-plots for October 25, 26, 27, and 28 appcar in
Figure 60. These are typical of undisturbed days at this
latitude, The only indication of the event of October 26
is the high f-min value of 2.3 Mc at 1000 GMT.

King Fieh, Maui,
The shot took place at about 0.5 Mc in Figure 61B.
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Absorption increased abruptly, though moderstely, incressing
f-min from about 0.5 to about 1.2 Mc (Figures 61 and 62).
There wvas partial recovery in about tvo minutes, but f-min
remained abnormally high for Lhe next seversl hours (Hg\n'el
62 and 63). The increase at sunrise was less than normal
(Figure 63), so that daytime values vere approximately normal
until a little after noon vhen abmormally high values occurred
for a little more than an hour (Pigure 63).

At about H + 15 minutes, a traveling disturbance arrived,
and the F-region critical frequencies started to increase. Ry
about H + 30 minutes (Figure 62), the increase amounted to
about 1 Mc. The critical frequencies then retwned to near
normal by H + 50 minutes. Figure 61E is an ionogram near the
start of this pericd. Frcm about H + L6 minutes to H + 69
minutes,absorption was high, with an oblique echo and some
stratification indicated by a kink appearing about H + 5k
minutes which developed into a ledge that moved upward off the
record at about £ + 74 minutes. Another ledge developed at
about H + 81 minutes Auring another but slighter increase in
critical frequencies which took place between about H + 60
minutes and H + 90 minutes. This ledge moved in and tock over
the trace at about H + 92 minutes. The extraordimary trace
became quite weak agrin about this time and disappeared shortly
after, indicating another period of incrcased absorption
(Figure 61F).

At about H + 96 minutes, a cloudy ledge appeared high
up on the ordinary trace and developed into a well-defined
ledge at sbout H + 100 minutes. A faint extraordinary trace
was also visible. This ledge moved in and took over at about
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H + 112 ninutes. The extraordinary trace remined very weak
until about H + 135 minutes.

Note the time relationship of the transiewts ia
critical frequency and virtual height in Figures 62 amd 87
(1 November) during the passage of the traveling disturbence
which arrived about H + 15 minutes.

Xing Tish, Tern.

Ionnspheric conditions vhich were producing nearly normal
ioncesonde acho returns just prior to Shot King Fish wvere chenged
prooptly, and dramatically, for hours following the explosion.
Figure 64 shovs selected ionograms for a period up to B + &
hours. Ionogram A shows the echoes just prior 10 the shot
vhich took place at about 7 Mc on this fonogra=. Prompt, high
absorption obliterated all echoes in the next two iomograms
(not shown). In the ionogram for H + 45 seconis, a weak echo
fréo the F-region appeared over the limited frejuency rarge from
2 to 2.k Mc,as shown in ionogram B of Figure 6%. The initiad
absorption decreased rapidly as indicated by the variation in
f-rin in Figure 65.

Ionogram C in Figure 6%, made at E + B mimutes, shows two
nev echo traces at a range of about 500 m. Tat the upper
trace is a ledge high up in the Fo-layer is iniicated dy the
retardation (increased virtual height) near for2. JNote that
the extraordinary vave echo is very weak. The newly created
ledge continued to decrease in leight and merged vwith the
existing layer to produce a thin-layer-type echo within two
minutes, B + 10 minutes, as shown 1n Figure 6iD. As time pro-
ceeded, the nev echo moved overhead and developei typical retar-
dation at the critical frequencies, and multiple echoes (see Figure G4E
made at § + 24 minutes). In addition, a nev series of echoes
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and also a diffuse echo In the vicinity of 1k Mc at a range of
betwveen 400 and 500 km. T=e¢ obligue echo which appears at s
virtual height of about 250 Xm in Figure 6LE gradually decreased
in range and merged vith tzat echo which had been overhead,
(ionogram F in the vicinity 1.5 to 2.5 Mc). At the same time,
the diffuse oblique echo, cbserved in E around 1k Mc, decressed
in range and expanded to cover the frequency range from 2.5 Me
to a frequency in excess of the upper limit of the ionoscnde.
This echo may be seen in icmogram F, made at H + 33 minutes.

Beginning about H + 33 minutes, an additional traveling.
disturbance echo wes first noted, appearing at a virtual height
of about 500 km at & frequency near 1.5 Mc. This echo descend-
ed in height, appearing at H + 39 minutes as shown in Figure
64F between 1.5 and 2 Me, =nd disappeared by about H + 50 mi-
nutes. The spread echo, with a fairly well defined lower edge,
continued to decrease slowly in heigh*, and over the next few
hours several more cblique echoes were observed moving toward
Tern,end these echoes graizally merged with those from over-
head. The frequency range over which echo returns vere observed
varied vith time,but in gezeral, as shown in Figure 65, f-min
values greatly exceeled the norral values and also excecded
those observed immediately Tollowing the detonation.

A representative eche return at approximately H + % hours
is shown in Figure 6LH vhere it nay be seen that the upper fre-
quency of the return is li=%ted by the ionosonde equipment.

It may also be observed that the minimum frequency of the echo
return is around 5 Mc,and y=t,noise and interference signals
at frequencies as lcv as C.25 Mc are readily observed. This

48
SECRET




characteristic suggests that the high absorption regions are
relatively small ia extent and are located essentially overhead
.of Tern. Thus, they do not affect the ionospheric regions .
through vhich distast signals pess in arriving at Tern.

Only weak returss, in the vicinity of 15 to 17 Mc, from
the seme ccho show im Pigure 6LH were observed during the
period H + 5 hours to M + 6 hours. This was probobly due to
the increased sbsorption created by solar effects at sunrise.
At H + 8 hours, the echo returns had evolved into a strong blanket-
ing sporadic-E echo with, as yet, no F-layer returns visible al=-
though the sun kad beem up for several hours. As the blankcting
frequency of the sporsdic-E layer decreased, weak F-layer returns
began to appear sbout K + 8% hours, which showed considerable
spread in the echo retarn. By H + 10} hours, ionospheric re-
flections produced echo returns vhich were more nearly normal
than any since the detomation; however, f-min values were
substantially greater than normal,and F-layer critical fre-
guencies were several megacycles below usuzl values. This cone
dition of higher f-mim and lover criticel frequencies than
normal existed throughout the daylight hours as may be seen in
the f-plots of Figure 66. Also in Figure 66, echces are in-
dicated at threce different times during the period 0500 to 1600
GML on 2 Novenber (N + 17 hours to H + 28 hours). The strong
sporadlc-E cchoes may Iave reculted from debris arriving in the
vicinity of Tern. A similar effect of strong sporadic-E e.choes
for several hours begimming at H + 29 hours following Check
Mate (sce Figure 32, 1300 GMP 21 October) was also noted.

The passage of the principal traveling disturbance is
clearly indicated in the 1 Novcmber curves of Figure 88.
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QB Hﬂh. H‘IQE!. .
The shot occurred at about 8 Mc on ionogram A in Figure

67. Prior to the event, there wes some forking and oblique
reflections in the F2 echoes. ’

Figure 67B, the ionogram taken immediately afier the
shot, shows considersble local ebsorption (almost a blackout ),
vhich mcstly disappeared in about one and s half minutes.

Figure 67C (H + 11 minutes) is an extended range ionogram
(0 to 1400 km) showing forked traccs, but no unusual echoes.

In Figure 67D (H + 17 minutes) there are indicstions of cblique
echoes-——the fuzzy patch at 1300 km and just to the right of
the 2-Mc marker, and another short streek at 1300 km and adbout
4 Mc. Both echoes decrcased in range in succeeding ionograms,
and the echo at 2 Mc by H + 20 minutes developed into a thin
line extending from about 1.7 tc 3.5 Mc with a range near 1100
km, which increased slightly with increasing frequency. These
echoes disappeared shortly aftervard.

The ionogram for H + 35 minutes (Figure G7E) shows consider-
ably increased critical frequencies, and the traces ere no
longer forked. The change can 2lso be seen in Figure 68 which
shows that the rise in critical frequencies started about 10
minutes after the event and returned to normal in about 60
minutes. The change in critical frequency was also accompanied
by a change in n'F2 ifrom 330 km et H + 17 minutes to 220 km at
I + 45 minutes. This indicates thet the increased ionization
density may have bcen largely the result of compression duc to
a traveling disturbance. There wes no indication an the ionogrems
of the moving-in of ionized particles which would have shown
initially as oblique echoes ratker than a gradual decresse in
virtual height and incrcase in critical frequency. Changes in
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f-min efter H + 15 minutes wvere not seen because the ionogram
sweel -L.rtcd at 1.0 Me and f-min wvas below the lower limit of
the recorder iuch of the time.

By H + 67 minutes (Figure 67F), the criticsl frequencies

were near normal and an oblique reflectica can be seen above
the second multiple near {xF2. This eclio'vas first seen a
minute before this record. Figure 67G shows hov it changed
in 4.5 minutes more (H + 71.5 minutes). By H + Th minutes

(Figure 6TH),the cblique trace vas moving in overhead and had

become associated vith the traces at the critical frequencies. ‘

By H + T8 minutes (Figure 67I), the former traces near foF2

and {xF?2 had become spurs. Within a minute thereafter,the two 5f:‘:

pairs of traces had merged,ard the stratification appears as
a small ripple farther dcwn each trace. A new oblique echo
is seen in ionogram I at H + T4 minutes ot 600 km. This echo
wvas seen for only about 5 minutes. .
Weak sporadic-E was seen at detonation time and immedie
ately thereafter, but was not seen again for approximately &

hours.

There was a possidble loug-delayed effect shown in Figure
673, for OLOO GMI on 2 Noverber. Complete blanketing by Zs
wvas observed for a time (see also Figure 69).

The shot-induced effects were the enhanced critical fre-
quencics betveen H + 15 minutes and H + 60 minutes accompanied
by & fairly rapid decrease in layer height {Pigure 89) and one
more vell-marked traveling disturbance, first seen 66 minutes
after detonation. A ;ossible delayed effect was the occurrence
of blanketing Es nearly 16 hours after the explosion.

King Fish, Canton.
Figure TOA shows an ionogram completed before shot time.
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The ionosphere vas spproximately nor—al with moderately hesvy
spread-F, but vith s fairly vell Eelined critical frequency;
f-min wvas sbout 1 Mc. -

The explosion took place at 2.2 ¥c on the next ionogram
(not shown). The immediate effect wes the disappearance of the
2nd-hop sporadic-E echo and weakeninz of the other echoes. The
next record (not shown) is very much like Figure 70B. The ad~
ditional ebsorption had virtually ZZsappeared by B + U minutes.

Beginning about H + 10 minutes,the character of the F2
echo changed, apd by H + 20 minutes, es shown m-mgm'e Toc,
the echo was a moderately spreed horizontal trace on the ico-
ogram, and the turn up at the maxf-=m frequency 1s no longer
secn. There was also a considerabl= increase in the meximm
echo frequency to 11 Mc. The sporeilz~E echo vas still rela-
tively simple. In Figure Tl the rise and fall of the vertical
lines indicating spread echoes betwzen about H + 20 minutes
and H + LO minutes is indicative of the passage of a traveling
disturbance.

The range spreading of the F-layer echo continued to be
more pronounced with two ranges preiominant at about 400 and
600 m. See Figure 70D. The sporaiic-E echoes in this iono-
gram had also become mcre camplex. The absorption had de-
creased to about normal as indicate3 by an f-min value of 0.6
Mc. By H + 112 minutes, Figure 70E, i‘he F-layer was diffuse
and shoved a number of poorly defin=3i traces. The sporadic-E
echoes also showed multiple ranges. Subsequently the blanketing
effect of the sporadic~E became more rronounced until complete
blanketing of F2-echoes occurred et B + 2 bours, (1410 GMT)
and from 151G to 1520 GMI'. FPigure T2,showing blanketing
(symbol A) after H + 117 minutes, z<rely indicates that very
little of the F-layer returns were ctserved. During this
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period,the F-leyer height increased,and echoes were very aiffuse.

By H + 5 hours, the F2-layer had largely returned to normal,
with only a little spresd~F. Thereafter, the ionograms appeared
<0 be normal as shown in the f-plots of Figure T2.

The shut-induced effects were an early moderate increase 3
in absorption followed by fairly large diffusing effects in the SRR
T-echoes, plus increased complexity of sporaiic-E echoes and N
indications of a traveling disturbance. The total duration of R Sk
the effects of the event appeared to be about five hours. RRRE
Xing Fish, Tutuila,

The shot occwrred as the ionosonde was passing 2.5 Mc .3
on the lonogram in Figure 73B, and the onset of strong sbsorp- f i
tion vas instanteneous. The absorption increased in strength S ey
Zor about 3 minute. The echoes in the ionogram made 30 seconds G
after Figure 73B (15 seconds before 73C) had almost disappeared.
Put by H + 1.5 minutes (Figure 73D), f-min was back down to
about 1.5 Mc. Also in this figure is a trace of sporadic-E at
sbout 80 Xm near 2 Mc. Referring to Figure T4, f-min returned
to approximately the pre-shot value by H + 3 minutes, but in-
creased again beginning about H + 3 minutes, and remained ab-
normally high the remainder of the night. At sunrise (Figure
75), it increased again to abnormally high morning velues, but
subsided to approximately normal values by late morning.

Again, referring to Figure Th, and the 1 November sections
of Figures 75 and 90, the F2=layer remalned relatively wndis-
turbed until about H + 30 minutes, vhen the critiéal frequencies
began to increase, and virtual heights to decrease. The crit-
frequencies reached daytime values near H + 65 minutes, and
the relative thickness of the underside of the F-layer decreased

-
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considerably. Figure T4 shows another slight increase in critlcal
trequencies neer H + 150 minutes, but the magnitude of this is
bhardly morc than & natural fluctuation., It should be noted that
there was a tendency for the critical frequencies to increase
sharply neer 1200 GMP on other days (see 31 October in Figure

75, 19 and 22 October in Figure 41 and 25 October in Figure 58).
The large excursion in critical frequency was probably caused

by an influx of lonization from above and/or & compression of

the original ionization vhich took place in such a wey that no
stratification occurred below the height of meximum density.

At about H + 2 hours, & fuzzy patch appeared near 11 Me
(about 4 to 5 Mz above the critical frequency) at a little béyond
500<km raunge. In a few minutes. this was seen on an extended
range ionogram (not shown) to extend buckward with increased
range (apparently retanlation) to about a mepgacycle below fof2,
In Figure 73F, a portion near 11 Mc cen be cseen just beyond
the 500-km range marker. The range near 1l li¢c gradually de=
creased to about 400 km before it disappeared near sunrice.

None of the fuzzy echo showed on the ionograms after 0720 GMT

(1 + 5 hours ani 10 minutes). Thereafter, the ionorruns eppear-

ed normal but with weak echoes. Comparing the virtual height
curves for Tutuila in Figure /6 (Star Fish) with those for King
Fish in Figure 20, note the sbsence of the initial éisturbance
in the King Fish curves, but the general similarity thereafter.
King Fish, Tonga.

Ten ionograms, F through O, of Figure 42 illustrate this
event for Tonga.

Ionograr. ¥, 1210 GMI, was being made Jjust before shot
time. The chaeracteristics were {-min less than 1 Me; u'Es 95
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Xm, fFs 1.6 Mc; B°F2 250 Jom, foF2 6.9 Mc. The shot tock place -
Just after 1 Me im fonogram G. The sporadic-E echo at 100 km
vas pramptly cut off at about 1.1 Mc. F-reglon echoes are not

’ seen at frequencies below 3.4 Mc,and the nuiber of interfering
signals was reduced considerably. Otherwise,there vas no imme=
diate change in the F2-echoes.

Jonogran B, K + 14 minutes, shows en echo from 1.9 to
2.5 Mc at a range of 380 lon. This echo is at a frequency and
range approprisce to the third multiple of Es. On the other
band, the sbsence of the second multiple of Es suggests that
perhaps this is an oblique echo vhich mey be related to the
shot. Ionogrsm I, H + 19 minutes, shows the new echo fading
out as the range decreased slovly. All other characteristics
remained unchanged.

Ionogran J, H + 37 minutes, shows the appearance of
another obligue echo at a range of 410 km. By H + 75 minutes
(X),1ts range had decreased considerably. That the echo is not
from overhead is indicated by the lack of interference with
the first wultiple reflection from the F2-region.

In fonogram L, H + 92 minutes, the critical fre-
quencies in first-hop F2-eocho ure nearly obscured by the oblicue
echoes. h'F has decreased te 210 km.and foFf2 has decreased to
7.5 Me. The wesk return from the E-region ray be due to the
variable nature of Bs ruther than to absorption. Ionogram M,

H + 116 minutes, shows still further development of the oblique
echoes.

In ionogram B, H + 145 minutes, the oblique echocs have
nearly vunished, The obligue echoes were last seen at about
H + 230 minutes,
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Ionogram O, H + 265 minutes, marks the start of a bdblackout
period vhich began et sunrise and persisted about tiree hours.
Recovery was slovw,end normal-appearing records were not obtained
unt4l about 2240 GMI, or nearly noone

Figure 76 shows the vave-like fluctuations of the F2
critical frequencies associated with traveling disturbances.

The corresponding variations in virtual height appear in the
curves at the bottom of the figure,

Figure 77 gives f=plots for October 31, Nove=ber 1l and 2,
These days are typical for this latitude. The eveat of November N B {
1 is marked by a slight increase in f-min at 1215 GT followed AR htrs
by a disturbance in the F-region and finslly by s sunrise ' RO
blackout at 1700. At 22L5, the f-plot has returned to normal.

Tight Rope, Maul. ENALAA
- Figure 78A is the pre-shot ionogram. The shot took place L‘ ,-'-"‘.,
Just after the ionogram. Effects seem to be confinel to dis- -'.';".'_:j-,"'_
turbances of the F-region vhich occurred beginning st ¥ + 23 T T
minutes. Figure 76B, the record for H + 2k minutes, shows an SR
inflection of the traces near the critical frequency vhich
indicates an incresse in electron density above a height Just
below level of maximum electron density. The infleciion was
in evidence only sbout 3 minutes. Ilater, about H + L1 minutes,
another inflection appeared for about 2 minutes (Figure 76C).
At about H ¢+ 53 minutes, still another appeared for sbout 1
minute (Figure 78D). The satellite traces paralleling the
2nd-and 3rd-hop echoes near 2 Me in Figure 78D may be echoss
from an sbligque irregularity, Another manifestation of s
traveling disturbance appeared about H + 3 hours and 15
minutes (Figure 78E). This lasted about 20 minutes. There
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1s 1ittle evidence of disturbance in Figure 78 and the b
Noverber curves of Figure 87.

Figure 80 gives the d4urnal f-plots for this event,
Tight Rove, Tern.

The effects of Tight Rope at Tern, if any, vere so mild
as to be indistinguishable Zrom normal fluctuations. There wvas
no discernible prompt ebsorption, not even a discernible effect
on the beckground of interZering signals. Therefore, no iono-
grams anl no f=plots are presented,

The evidence presentel is in Figures 81 and 88, The in-
crease in critical frequencies, reaching a maximm at about
H + 50 minutes (Figure 81), may be bomb-associated, but takes
place rmuch later than the disturbances produced by the other
boubs. The 4 November virtval height curves in Figure 88
likxewise show nothing unustal.

Tight Rope, Midway.

Figure 67K shows an Icmosonde sweep completed at X + 3
seconds; 1.e., the bomb wen: off at about 14 Mc in this iono-
gram. Figure 67L shows an ionogran started at H + 4 seconds.
No change is evident except for a possible diminution of inter-
ference indicating increaseld absorption elsevhere.

Evidence of traveling disturbances, possibly bombegenerated,

appeared In subsequent fonosems, as at Maul. There wers a
nunber of fairly rapidly moving oblique echoes over a period
of about 3 hours. By 1225 G'7,the lonosphere appeared to bhave
returned to normal.

Notice the similarity of the critical frequency variation
in Figure 22 and the § Nove=der virtual height variation in
Figure 83 to those for Tern (Figures 81 and 88).

Figure 83 gives the dZurmal f-plots for this event.
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Tight Rope, Canton.
_ No effects on the vertical incidence soundings were cbserved.

There my have been a slight attenuation of interference. MNo
Sonograms covering this event and no detailed plots of critical
frequency and f-min and virtusl height are included in this report.
The diurnal f-plots are shoun in Figure Bk. -
Tight Rope, Tutuila. PSR
The ionograms showed no recognizable evidence of a bomb R
effect. The 4 November virtual height curves in Figure 90 show i
no effects. The diurnal f-plots are given in Figure B5. . ' o
Tight Rope, Tonga. S
Tvo donograms, P amd Q, included in Figure 42 1llustrate AR
this event. No recognizable effects of the bomb vere fourd in e
the ionograms. The f-plots for November 3, 4, 5,and 6 are AR
given in Figure 86. These plots are typical of undisturbed - 0. @
days at this latitude.

- - -
Coteet T N .
W arcmdierie Setem

L i e e A
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DISCUSSIOH
Star Fish.

The changes in the ionosphere resulting from the Star Fish
shot as indicated by ionosonde datas were greater at stations
located near the magnetic meridian passing through the point
of explosion than at the other stations. This vas the case
even though scme of the stations not on the mgnetic meridian
were closer to the point o explosion.

The greatest duration of total dlackout, approximately
85 minutes, occurred at Tern Island vhich lies near the point
at vhich the magnetic line through the explosion enters the
earth, Following total blackout, a high degree of absorption
persisted for several hours,and only weak spread echoes from
the F-region were observed, It 4s likely that HF radio com=
mmications for radio paths requiring ionospheric reflection
in the vicinity of Tern Island would have been interrupted, or
poor, for several hours following the explosion.

At Tonga, near the southern conjugate area of Tern, an
extended period of total blackout also was cbserved. Although
equipment difficulty prevented continuous cbservation, total
blackout apparently persisted until H + 51 minutes. It should
be remenbered, however, that the lonosonde at Tonca was an older
less sensitive model than those at come of the other staticns,
Tern in particular,

The F-layer reflections at Tonga vere entirely diflerent
from the veak spread-type echoes cbserved at Tern. It secms
likely, following the total blackout at Tongs, that HF com=
munication circuits with reflection points in the ionoephere

over Tonga would have been able to operate satisfactorily

5
SECRETY




"-.'
.

mach sooner than those circuits with paths in the vicinity of
Tern Island. .

The various luyers formed over Tongu may have been the
result of ionized bomd debris which truvelled wlong the rugnetie
field and deposited in the southern conjugate orca. Soee of
these leyers may have becn in existence at times earlier thun
those observed with the ionosonde, but echo returns were pree
vented by the high absorption at lower heights in the D-ragfon.

At Tutuila, vhich is some 900 km north and somewhat eust
of Tonga, very draratic ionospheric effects were also observede
It is interesting to note that the ionization density over
Tutuila following Star Fish was on the crder of 4 times the
diurnal maximum value for a normal July day, when the critical
frequencies reach the vicinity of 12 Mc. The increase of I'-
region critical frequency from a value of 4 Mec to over 20 Me
Indicutes that the shot promptly produced a greoater than 25
fold increase in electron density.

The perturbation of the ionosphere in the cquatorisl
reglon over Canton, vhile significant, was rmch less than
obscrved at the other lonosonde stations along the mugnetic
reridian. Blackout occurred for only a little over a minute
following the shat,and a transient F1 layer echo was returned
for asbout two minutes beginning at H + 3 minutes. No F2-layer
effect wus observel until about H + 7 minutes vhen the criticul
frequency begun to increase, rising to & value of 11,5 lc at
H + 20 minutes. This increase of critical frequency correrpon’s
to an increase in clectron density of more than 2.5 times that
vhich existed prior to the shot.

The effects observed at the jslands of Maui, Midwsy, and
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Wake were smaller in magnitude than at the other locations
discussed above. At these three stations,a rrompt increase in
absorption occurred vhich resulted in a blackout for about 8
minutes at Hidwy, and for more than a minute at Maul. At Weke,
f-min increased to at least 6 Mc momentarily but dropped to 1
Mc vithin a minute. At Maui and Midwvay, f-min decreased more
slowly, requiring more than an hour before reaching 1 Me.

F-region critical frequencies increased by sbout half s B
megacycle at H + 15 nminutes at Midway corresponding to an increase ‘ ]
in electron density of about 20 per cent. At Vake,a very slight Y
rising trend in the critical frequencies, vhich had begun prior R
to the detomation, continued after the explosion,and it is not e
certain that there wes any effect in the F-region caused by the ST
shot vithin the first 15 minutes. The Maui station 4id aot
record any increase in critical frequency, but, instead, fre-
quencies vere slightly depressed in the period H+ Sto B + 10
minutes, after vhich time they decreased more rapidly, and to
values lower than normal for that period of day. Critical
frequencies at Midwvay and Wake also decreased at a rate greater
than normal, after the initial increase. The rapid decrease of
critical frequency at Midway contributed to a second period of
blackout at H + 35 minutes vhen the critical frequencies were
less than the value of f-min for a brief period.

Near the time of local sunrise at each of the seven
stations on the morning after Star Fish, D-region absorption
increased more rapidly and remained considerable higher through-
out the day than on normal days. A slight excess of absorption
on the following day wvas also noted. 7r-region characteristiecs
and critical frequencies returned to normal at all stations after
sunrise on the morning folloving the shot.
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Most HF commamicstion circuits crossing the hciﬁ.c
Ocean should have suffered only e smll amount of outage time
due to sbsorption effects resulting from Star Fish, Notadle
exceptions would have been those circuits with paths traversing
the ionosphers in the vicinity of the northern and soutbern
conjugate areas around Tern and Tonga. The rapid decline in
critical frequencies soon after the detonation to values lower
than normal for the time of day, observed in the north st Maui,
Midwey, and Wake, may have caused MUF (maximm usable frequency)
failure on circuits vith ionospheric reflection points in those
areas, Such circuits could probably have operated successfully
by lowering the ope.ating frequency. Ionospheric layers formed
over Tonga,and the spread-F condition which developed there
and at Tutuila could have resulted in deleterious effects on
some types of circuits because of changes in multipath and
fading conditions.

Check Mate. :

A1l stations showed an immediate though moderate increase
in local absorptiom, although the increase at Tonga my bave
been fortultous. At all stations, except Tonga, there vere
indications of traveling disturbances after the explosion. At
Tern,there vas a well-marked increase in critical frequencies
begimning about K + 8 minutes, and at Maui and Midway less
well-marked incresses beginning about H + 20 minutes at Maui
and H + 20 to 25 minutes at Midway. These times imply averege
speeds of traveling disturbances of about 1.9 km/sec, 1.3
kn/sec, and 1.0 to 1.3 kn/sec, respectively, to Tern, Maud,
and Midway,

A disturbance manifested by an cblique echo from an
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approaching disturbance followed by spreed echoes seemed to
arrive at Canton about H + 53 minutes exi at Tutuila about
B + 90 minutes. The corresponding averesge speeds would be
0.7 kn/sec to Canton and D.65 kz/sec to Tutuila. Such iden~
tification of the disturbance at Tutulla ray be erroneous,
because the corresponding echoes seemed to grow out of new
echoes vhich first appeared on the Tutuila ionograms at B +
6.5 minutes!

Blue G111

There vere prompt increases in local absorption at all
stations, the most pronounced being at Tern, and the least,
apparently, at Canton. Apparent recovery time was variable,
but seemed to be about 10 minutes at most stations. Only at
Tutulla Aid there appear to be a relatively unanbiguous delayed
increase in absorption (H + 2 hours to H + 3.5 hours) aside
from abnormal increases at sunrise.

F=region traveling disturbences of substantial magnitude
vere indicated by the ionograms for Maul &nd Tern; a somexhat
veaker indication appears on the !Midway Lonograms; nn:l~mne -
is recognizable at the other stations. At least 3 and pos=
sidbly nore disturbances cre recognizable in the Maul and Tern
records. Each of these disturbances is cheracterized by a
marked decrease in critical frequency followed by the develop-
nent of a higher layer with a greater critical frequency. As
the higher layer developed,it took the plece of the previous
layer. The advent of the next disturbance was then marked
by another decrease in critical freguency,folloved by the
appearance of another higher layer es the cycle repeated.

Taking the time at wvhich the criticel frequencies at
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Tern began to decresse at the cnset of the first large disturd= ERT-ASA
ance as H + 25 minutes, the value cbtained for the average
velocity of travel from Johnston Icland, assuming travel began
at the instant of the explosion, is 0.6 km/sec. The decrease
vhich began at H + 60 mnutes for Maui would correspond to a
velocity of O.4 km/sec.

King Fish. c

An irmediate increase in local absorption occurred at Fo BEGA
all stations, but seemed to be least at Canton. The increase St
was greatest at Tern and Tutuila. There was substantial recovery ' @ '

at all stations after a fev minutes, but at Tutulla the absorp~
tion increased rather rapidly sgain at about H + 10 minmutes
and remained high the rest of the night. At Tern, also, the
absorption increasel again in a more gradual manner after about
H + 80 minutes and remined high the rest of the night.

F-region changes vere dramatic at Tern and Tutuila; they
vere also well marked at Miui, Midway, and Tonga, but somevhat
subtle at Canton. The increases in critical frequency vhich
began about H + 17 ninutes at Meul and about H + 4O minutes
at Tutuila toock place without marked stratification, vhereas
marked stratification appeared at Tern and Mldway. At Tonga
the effect wvas principally an increase in obliguc cchoes and
spreading of the F-region echoes.

The above-mentioned times for the beginnings of the
critical frequency increases at Maui ( H + 17 minutes) and
Tutuila (H + 40 minutes) both yield 1.5 ¥kn/sec for the aversge
velocity of the disturbance. The beginnings of critical fre-
quency disturbance at the other stations, including Cantom,
are in good agreement vith this velocity. Except at Cantan
and Midway, the times of the maxirm are proportiomal to
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distance from Johmston Island vithin a few percent. At Midwy,
the arrival was late. Again excepting Canton, a depression
followed the main cnbancement of critical frequencies, vhich
was in turn followed by annther small increase. The times of
these minima are also spproximtely proportional to distance,
arrival at Midwvay again being relatively late, and at Tonga
relatively early.

Tight Rope.

Only Tongs showed evidence (an increase in f-min) of &
prompt increase in local absorption, and this increase could
have been fortuitous. No clear effects were recorded at Tern,
but dboth Maui and Midwvay lonograms showed evidence of traveling
disturbances, beginning at about H + 2l minutes at both places.
The disturbances occurred over ‘. period of about 3 hours in
both cases. H + 24 minutes f © thcse stations corresponds
to a velocity of about 1.0 km/sec.

Comparison of Events.

The magnitudes of the effects of a shot tended to de a
strung function of the detonation altitude, as well as the
yield. Thus,Check Mate produced more disturbance at Tutuila
than did Blue Gill, vhich was more than ten times as strong,
because of the difference in altitude. The differences in
the heights of Blue Gill and King Fish, vhich had similar
yields, made a great difference in their effects, especially
in the southern region.

Star Fish, of course, had a big advantage in both altitude
and yleld, and thus had by far the greatest effect at all sta-
tions. Tight Rope, on the otber hand, though having about
the same yleld as Check Mate, had the lowest altitude of all,
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and thus produced scarcely recognizable effects at any statiom.

The effects of K:Lng Fish were similar in some wvays to
those of Star Fish. A notable difference is the practically
instantaneous builiup of ionization density in the F-region
at Tutuila by Star Fish, vhich wvas entirely lacking following
King Fish. In both events, however, the major disturbances
seemed to be at those stations near the conjugate areas, namely,
Tern and Tutuila.

Although tre altitude of Check Mate was substantially
greater than that of King Fish, the effects of Check Mate at
Tutuila were less like those of Star Fish than those of King
Fish, presumably because of the low yleld of Check Mate.

The overall effects of Check Mate and Blue Gill tended
to be about equal, though noticeahly different in detail. Thus,
the change in critical frequency at Maul, Tern, and Midway,
resulting from Check Mate, tended to be greater than that from
Blue Gill, but cblique echoes and stratification of the P~
region tended to be greater after Blue Gill than after Check
Mate. This suggests that the principel traveling disturbance
was higher in the ionosphere (mainly above the peak electron
density in the F-region) for Check Mate than for Blue Gill.

Abnormally high absorption developed at sunrise or during
the day following some events. The tendency was greatest for
Star Fish, but nothing of the sort appeared after Check Mate
and Tight Rope. Enhanced f-min occurred at all stations the
day after Star Fish, at all stations but Maui and Midwvay
after Elue Gill, and at all but Midway and Canton afier King
Fish. Tt is conceivable that some of the extra absorption
following King Fish was caused by the airdrop on 30 October.
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CUNCIUSIONS AND RECOMMENDATIONS

As this project wvas primarily concerned with data
gathering, the interpretationm given in this report is sketchy
and speculative. Much work remains to be done, especially in
correlating the results of measurements by the various projects, PO
pefore an adequate understanding of borb effects can be achieved. 7;; - e ==

The swveep-frequency ionosonde has proved capable of pro- ‘ S
viding much useful data on immediate and delayed effects on
absorption in the lower ionosphere and electron density in the
E-and F-regions, but changes in virtuasl heights are not per se
reliable indications of true height changes, because the retar-
dation at a given frequency depends on the retardation at all
lovwer frequencies. Thus,to convert virtual heights into true
heights, the complete ionogram for all frequencies below the
eritical frequency is necessary, in principle, although certain
gaps can be tolerated without excessive error. Another condi-
tion necessary for the conversion, hovever, is that the iono-
sphere over the station be plane stratified, and this condition
may not be vell met vhen traveling disturtances are present.

Most of the ionosondes used in our measurements provided
ionograms adequate for reasonably accurate true-height calcu-
lations under undisturbed comditions. The performance could
have been improved with better antennas, but it 1is doubtful
vhether, even with tbe best performance, the ionograms would
have been adequate for true-height calculations under the
disturbed conditions following the Fish Bowl shots. Thus, no
true-height analysis was attempted for this report.

The deployment of the available jonosondes secms in
retrospect to have been quite good, especially in view of
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the locations of ionosomies opersted by other projects.

~ Although intended for snd used in continuous operatiom,
the ionosondes were not really properly designed for this mode
of operation and tended to dbreak down frequently. For e
future Fish Bovl.it would be wise to use new ionosondes design-
ed with the 1962 Fish Bowl experience in mind.
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APPENDIX

CONVENTIONS AND S§YMBOLS FOR {-PLOTS

1.

When definite and well defined, the ordinary vave critical
frequencies are plotted as open circles. )
Definite x- and z- critical frequencies, when plotted, are plotted
as x's and z's respectively. No Z echoss appeared in the ionograms
described in this report.

If the value of a critical frequency, as defined by the
standards of accuracy, or the magnetoionic identity is in
doubt, a filled circle is plotted. This applies tc all
the components; o, x, or z. When a filled circle is used,
and the reason for the doubt is not obvious from tke re-
presentation on the f=plot, the appropriate descriptive
letter is written on the f-plot near the filled cirele.
When the values for a particular .ionogram plotted on the
f-plot are all doubtful for the same reason, the descrip-
tive letter is noted at the top margin. This procedure
facilitates transcribing the data to the daily tatulation
sheets.

Any spread of the echo about the critical frequency is
Plotted as a straight vertical line extending over tte

If a criticsl
rreq'uency is seen through the spread, its value is plotted

frequency range covered by the spread.

at the appropriate frequency.

All values of fbEs are plotted as filled circles; consec-
utive 15-minute cbservations associated with the sa-e Es
trace are connected from one sounding to the rnext by s
straight line. When fbEs exceeds foFe, the value of
foEs may be plotted and connected to adjacent values ¢f
fbEs.

69
SECRET

e




6.

7.

8.

10.

f-min is represented by s filled circle vith a vertical
line connecting it to the effective lower frequency
1limit of the ionosonde.
"v" represents "less than" and is used primarily vith
femin. Normally, "v' will be plotted for f-min at the
lovest fregquency at vhich echoes are received vhea this
"lowest frequency” is determined by noise or interference. .
"A " represents "greater than" and will most oftean be A _
used vith foF2.~ Tt is plotted at the highest frequency ORI
obtained within the accuracy rules.
Missing data: Prolonged periods of no echoes due to
equipment difficulty or absorption may be indicaled on
the f-plot by . c or - .
Qualifying and descriptive letters:
A YMeasurement influenoced by, or impossible because of,

the presence of a lover thin layer, for exa=ple, Es.
N Conditions are such that the measurement caznot

readily be interpreted, for example, in the presence

of oblique echoes.
R Measu:ement influenced by, or impossible because of,
absorption in the vicinity of a critical freguency.
S VYeasurement influenced by, or impossible because of,
interference or atmospherics.-
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Figure 35 Check Mate, Midway, f-plots.
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Figure 53 Blue Gill, Canton, selected ionograms.
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Figure 83 Tight Rops, Midway, !-plots.
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