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ABSIBACI 

This report presents data on the Ionospheric perturbations 
resulting from the five 1962 blgh-altltude nuclear detcoatloos. 
Star fish, Cheek Mate, Blv« Gill, King Fish, and TIgjbt Hope, as 
obtained with sweep-frequency vertlcal-inciience lenosoodes 
operated at the Islands of Maul, Tern (French Frlgafce Shoals), 
Midway, Wake (Star Fish only}. Canton, Tutulla (American Samoa), 
and Tongatapu.   The lonosondes at Midway sni Tovsatapa had a 
frequency range of 1 to 25 Mc.   At the other staticas the rang« 
was 0.23 to 20 Me. 

The objective was to obtain Information on the lawdlate 
and delayed effects on the Ionosphere, including radio wave 
absorption and changes In electron density, at various distances 
and directions from the detonations.   Beglnnisg a few minutes 
before detonation, each lonosonde was cnerated caatimously until 
about H + 2 hours, when the interval between loDograms vas In- 
creased to five minutes for several more hours.   Otherwise, 
ionogramc were made at 15-minute Intervals« 

The results are presented In the form of 
a. selected lonograms, 
b. plot   nf P-layer critical frequencies and atoi— 

observable reflected frequencies (f-oln) versus tine 
from H - 10 minutes to H + 3 hours, 

e.   plots of F-layer virtual heights at several frequencies 
as a function of time from H - 10 zlnutes to H + 3 hours, 

d.    f-plots for a four-day perioä encocrrasslng each 
detonation. 

Tlie greatest effects were produced by Star rlsh and the 
least by Tight Rops.   A prompt increase In absorption was observed 
at all stations for all events except Tight Rope.   It «as 

S 

SECRET 

..t 
AV-y-'.--", 

. --V-V"-'..--" 

& .,-,t... 

'■4'." ;ii:> 
$ 1 ■ ,. •. 

."•■•■.'■.'■' 

•."  .' -.■•.' 

_."_ 

It 
78E.^.tri"W •flfu« 

IV 

■. ■ • ■ .'■ 

■ ■ *." *.* ■. 

■. ■■ ■'. '"• 

■ .'.■-•.>.' 



- ^ • L • » - . • j 

■•■_-■. 

especially great for Star Fish, and obliterated all echoes 
(blackout) at aoet stations for periods ranging frcn a few 
seconds at Tutulla to an hour and a half at Tern.   Substantial 
atcospberlc acoustic-type vaves vere generated by Star Fish and 
King Fish, and vaves of somewhat less anplltude were generated 
by Check Mate and Blue Gill*   Ho positively identified effects 
from Tight Rope were observed at any of the stations. 

Effects associated with its proximity to the magnetic con- 
Jugate area were observed at Tutulla.   Thus, whereas substantial 
decreases In F-layer lonlzatlon density occurred after Star Fish 
at the northern hemisphere stations, a large (2$-fold) and al- 
most simultaneous increase was observed at Tutulla, and later, 
apparently in association with the atmospheric wave acoustic- 
type disturbance, there was another (6-fold) increase.   A 
slcilar (4-fold) Increase In association with the passage of   - 
an atmospheric acoustic-type wave was observed at Tutulla 
following King Fish. 
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IKTRODUCTIOH 

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 abouc 70 or 80 kilometers on up through the F-region and 

into the exosphere.   Increased ionization at the lower height 

(D-reglon) causes absorption of HF radio waves and seriously 

disrupts radio conmunication in this part of the spectrum. 

Ob W circuits serious perturbations in the phase of the 

signal can be caused by D-region effects.   Sporadic-E-Uke 

increases in the E-region have been observed following earlier 

high-altitude nuclear bursts.    Changes in F-region electron 

density are observed in association with high-altitude bursts, 

and large distortions 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 

may be found in  References 1 through 4   provided at the end of 

this report. 

The ionospheric vertical soundings technique provides 

a vast amount of Information on these various effects.   By 

taking these kinds of observations at both primary an-l con- 

Jugate areas, the relative importance of direct photon and 

particle effect vercus trapped particle effect can be assessed. 
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The objectives of this project (MSA Project 6.5c) vere 

to obtain information on the lanediate and delayed effects of 

the Fish Bowl detonations on the ionosphere, including radio 

vave absorption and changes In electron density, at various 

distances and directions fron the detonations, using vertical« 

incidence ionosondes. 

lonosondes were operated at seven locations: the islands 

of Maul, Tern (French Frigate Shoals), Midway, Wake (for Star 

Fish only). Canton, Tutylla (American Samoa), and Tonga 

(Tongatapu). Their locations and distances from Johnston 9    ^ 

Island are shown in Figure 1. Other lonosondes were operated 

at Palmyra by Project 6.5A, at Johnston and Kuajalein 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 P01R 202Z and in the proceedings of the August 31 - 

September 1, 1962, DASA Symposium (page 131, DASA Data Center 

Special Report 3). Preliminary results for the fall series 

were reported in POIR 2022-1 and in IBS Rept. No. 1QB109, to '■'-'■''■''•'■''■'• 
be included in the proceedings of the February 26-28, 1963 ^ir..,;«,;,-! • «rii 

DASA Symposium. (POR-2022 supersedea POIR'a 2022 and 2022-1.) f-*.   '^ . 

The lonosonde Is a radar-type instrument which transmits 

short pulses (typically $0 microseconds long at a rate of 60 'V ] 

per second) as the radio frequency is changed cc •tlnuously or 

in short steps over a range which nay begin at about a mega- *, 

cycle per second, or lower, and go to 20 Mc or higher. The 

round-trip travel time to the ionosphere and back, recorded 

as a function of radio frequency, Is called an lonogram. The 

travel time Is usually expressed as the range in kilometers 

to the point of reflection, or rather what the range would 

• ^ r    .     ."■ 

- - f. 

-• ',■ fj-fs'.'' ~ m m  «* ~ -t  -  • 
■ - K > «> * " • * 

> \» V V '." ^ 
■ •*• s*** h*r L** -'* 
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o-v.,.,^..,. 

have been had the entire trip been rade at the free-space 

velocity. This apparent range, or virtual height (h*) as it 

is called on the ionogra.ii is always greater than the actual 

height, because the velocity of pulse propagation in an Ionized 

nedluB Is less than in free space. 

The wave is reflected at the height where the refractive 

index becomes zero. The rerractlve index is a complicated 

function of the wave frequency, the electron density, the 

strength of the earth's nagietic field, and the frequency of 

collisions of the electrons with other objects, but nay be 

thought of as tending toward zero with increasing electron 

density and tending toward unity (the free-space value) with 

increasing wave frequency. Thus, as the wave progresses upward 

into the ionosphere, the refractive Index and the pulse velocity 

decrease^ and if a level is reached tvt which the refractive index 

becomes zero, the pulse velocity also becomes zero, and the wave 

is reflected. The higher the frequency, the higher the wave 

must go to be reflected. Eventually, the height of naxinttm 

density is reached. The frequency which can Just reach this 

height is called the critical froquency. At higher frequencies 

the wave penetrates the ionosphere and is not reflected. Small' 

scale irregularities in the ionosphere (on the order of a wave- 

length in size) may, however, produce scatter echoes at fre- 

quencies extending beyond the critical frequency. 

The presence of the earth's magnetic field causes the 

ionosphere to have two values of refractive index for a given 

wave frequency, depending upon the polarization of the wave. 

There sre normally, then, two echoes for each wave frequency, 

having different virtual heights and different reflection levels. 

13 
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Cbe Is cmllei the    ordinary   wave echo and the ether the   extra- i'V/ iwV"-'"" 

'-■."-*."-'. •'ö'- •'- 
oräJaaiy  we echo, hy analogy with the ordinary and extra» [•■-".■"-".-"v'-.v^» 
ordlneiy »naes of blrefringent crystal optics.   There la a dif- '.•*-.v-y•/■-!•'/■.• 

•". •". •*. •*»•'- '*> 
ferent critical frequency for each of the two wave».   The ordlnaiy '.''■,''•..*'•'.''•.''■.''• 

u"    -**  'n* TI ^    i" r-* 

wave critical frequency is the sane as it would he in the absence Q ^ 
of the aofiaetlc field.   At frequencies well above the frequency S'.'-'Sv 
of eyratioa of free electrons in the magnetic field ('n the 
ionosphere this varies from about 0.7 M: near the equator to 
about 1.6 Jk near the magnetic poles), the extrecrälnary wave '.■;'•;'• 
critical ftequency is greater than the ordinary wave critical [ # .. ^  .# 
frequency by about one-half the electron gyrofrequency. 

At Higlht the Ionosphere consists principally of a single ^'''.'..-(!'•.'• 
layer, the P-layer, with a minlnum height near 200 to 250 to, •'.>-.-/■ 
and a hel^t of maximum electron density in the vicinity of i: V.lr V ',<']». 

300 to MS to.   In the deytifl», 'üowevör, the sun*s ray« proiuee r T;-T'-^'-'T*' 
lonlzatla« at lower h^ifcbts, and the result is an Z-layer, with 
TWITIIIM iemlty near 120 to, and often an interpellate layer 
near 200 to.   If the latter la present,, it is called the Fl-layer, 
and the roaalnder of the P-layer is called the F2-layer.   The r   " _   ' 
Twixlnti fleaslties, and therefore the critical frequencies, of •*•.■'   fv .-■. 
the E-aad fl-layers are usually less than that of the F2-layer. 

The night F-layer is considered to be, at least la part, a '"-iv.'*'"''-/"■•'!• 
remnant of the daytime F2-layer.   The night layer Is therefor« '.-.'"•. v-V-'. '. 
sometimes referred to as the F2-layer even though the Fl-12 *%"   ^Jf^ 
blfurcatloa is not apparent.    Likewise, an unresolved daytime C^--''-■'-»'--'.'• 

• '"• '"-."'*.'"•.■ '• 

F-layer Is usually referred to as the F2-layer.   The critical                                      ^•■''■•"".•'V-V- 
• *"• " -,■"■•*"-.' •. 

frequencies associated with the various layers are designated                                      •-■"•-""••*"•"V'."- 
by the symbols foE, foFl, foF2 for the ordinary wave, and fid, 
fxll, 1X12 for the extraordinary wave. .• J| , 

',-''.■'*.•'■-•*'.■ * 

■.•'."-■."-."-"L 
■ " •." •.' *. •»* " 
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The exact expression for the refractive Index In the pres- 

ence of collisions and a mgnetlc field is quite coqplieated 

and will not be discussed here. However, in the absence of 

collisions and nagnetlc field, the refractive index n is given 

by the simple expression 

n* - 1 - 81 x IO» N, I"1 (1) 

where N   is the electron density per cn^ and f is the wave fre- 

quency in cycles per second..   In the presence of collisions and 
magnetic field, it is still a good approximation if the collision 
frequency and the gyrofrequency are both much less than the wave 
frequency.   Since, at reflection, the ordinary wave is unaffected 
by the nagnetlc field, and in the F2-layer the collision fre- 
quency is quite small, the raxLrun electron density N   „ of the 

DAX 

F2-layer is given exactly by H in Equation 1 if the ordinary 

wave critical frequency foF2 is substituted for f and n is equated 

to zero* Thus: 

0 • 1 - 81 x lo^ Unix (foF2^, 

or Nnuu, = 1.24x10-«(foFZJ1 (2) 
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Under condltian« In which EqxntlOD   1   1» -valid, the '!*"■ ^;; •..;; .• '. 
velocity Ü of • pulse of wves (the group -velocity) is given /v^V-V-*/-'"'- 
by r^iV.VS-.'i' 

- ■ - - ^V'V» •- 

U-en (3) # * 

1« 
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where e 1« the free-space velocity ( velocity of light  ), and 
n la the refractive index given by Equation   1 >     This relation- 
ship is a good approxiaatlon in the ionosphere for naves «ell 
above the gyrofrequency.   Thus, U is alvays less than or equal 
to e.becbose n is always less than or equal to unity.   The 
virtual height, which is equal to the Integral of c/ü over the 
path from the ground to the level of reflection, is thus always '^ 
greater than or equal to the real height. 

In addition to the critical frequencies and the virtual 
heights of the echoes, an important readily observed indicator 
of conditions in the Ionosphere, and In particular of disturb- 
ances caused by nuclear detonations, is the mlnliman echoing 
frequency on the lonogran which is designated by the aynibol 
f-mln.   Because ionospheric absorption tends to be Inversely 
related to the wave frequency, 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-nln. 

Since absorption takes place nninly in and below the E- 
layer (the D-region) where the electron collision frequency 3s 
greatest, an increase in f-mln is usually indicative of an 

It        J| 

1 ■ 'A "»H.'*J*'wfa 

..■-."-.•.•• 
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increase in electron density in the D^-region.   As the ionosonde 
is not readily calibrated to give absolute values of atosorptioo 
in tezBS of f-mln, only relative values of the changes in ab- 
sorption are given by the changes in f-adn. 

Frequent reference will be nede to bomb-generated   traveling ^ 
dicturbences , which bring about certain changes In F2-layer 
critical frequencies and virtual heights and nay cause stratifica- 
tion of the layer.   Naturally occurring large-scale traveling ;■' 
disturbances and their effects on the F-region have been known ^_ 

•      m. 

•f^y*-**^  .-i.^^w 

for years (Reference 5). They travel with velocities of $ to rß,    ,   9l -. 
15 la/aiaate,  and are thought to be gravity waves (Reference 6) 

involving transverse (vertical) displacements like ocean waves. '-''.-'-.-S'S-.'-~ 

the bodb-generated disturbances travel rauch faster, ($0 km/ X'-'!' .■'.'•':'•*' 
minute and faster), although the speed decreases systematically »'■"ViW.' r>^ 

with distance frees the source (Reference 7)« These speeds are * T"'T"> -."i--, 

core like acoustic speeds, so these disturbances may have more .*- .^-V-. 

the character of acoustic shock waves than of gravity waves. "■'.-■.• •',-"•.-'•.-"•". 
Their nature la not yet well understood. ' /■"/•".-"•".'"v"-'. 

v" -.' %' <\-, 

•v. 

. m ■ ^f 
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"'ft       ' • 

SECRET IX-AV? ;.•: 

-V 



- -.''. >.,-. 

^ k ^ L * . • . ■ . 

• ■', ". - 
■ "• .'• ."■. 

„•-■••"v 

:-*.-: 
» •  ■   ■ ■      .-.•'." 

-■-•,-.-..,■ (-.   '.^•1 
•■'•!"•-!' 

r      * " > ■ -"■   '- .*■ 

'•.'•"■■ ."■■' 

■T--«^ ' - ---iWi^-W 

- - '.•  •.-  ',-  '.-  * 
-  ■   .      .•-•..' 

%''.'■' .  •' .'■" .'-*-• 

■'.••'.'•'!•• 

• f 

Cperat'-sn o;' tto» lonosondes was begun several weeks prior 

ü i'tar F'Fh. and acaln in the fall several weeks before Check 

Vate. A copy of the lonoerans for the periods indicated below 

was deposited In the DASA Data Center. The beginnine and end- 

Inc tires ani dates (GMT) were 0001 July U to 2359 July ^ for 

ull stations, and 0001 October 15 to 2359 Nov 10 for Maul 

to 2030 Nov   5 for Tern 

to 0815 Nov   5 for Midway 

to IßlO Nov   6 for C&nton 

to 2359 Nov   6 for Tutuil* 

to 2359 Nov   6 for Tonga 

Mote, however, that tines and dates printed on the Maul film 

are in 150° '." tine. 

Except for a period of hours beginning Just before each 

shot, lonograr.s were wie at 15-nlnute intervals around the 

clock.   The tine required for each lonogram was 15 seconds, "•-■'■/•!•.••/"• 

except at ;'aul where the tir:e was 30 seconds during the fall ■-!""■•'-."•.•■/"• 

series,   reglnnlng 10 minutes prior to each of the detonations, •.'■-•,■-■.■•••/.•) 
the ionosonies were prograamed to run continuously, sweeping "Ja"*    • ^r"- 

through the full frequency range in a period of 15 second« lv"v'v'\-X-" 

(except at I'aui where the period was 30 second« during the flail '■.•■'.••'y-'y'\ • 

series).   This mode of operation was continued for several hour«, •■>■/.-'-."!■-'-. 

at which tine the frequency of observation was reduced to five- 

minute Intervals followed at a liter time by observations at the 

usual 15-minute intervals. 

Virtual height calibration narkers, generated from tine 

division circuits synchronized with the transritted pulse, are 

photcgraphcvi along with the echo returns and show on the photo- 
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graphic recopis as horizontal lines at lOO-km rirtual range 
Intervals.   Frequency markers, which are generated "by clreulta 
tuned at one aegacyele intervals, are produced on the ionograa 
records as the tranenittei frequency sweeps through eeeb Integral 
megacycle.   The ionospheric parameters f-ndn, virtual height h', 
and the critical frequencies   are scaled from projected enlarge» 
nents of the film record and are usually accurate to within a 
few 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 Ibnga 
type C-3 ionospheric sounder at Canton Island 
type CA ionospheric sounders at Msui, Tern (French Frigate 

Shoals), Wake, and Tutuila 

Pulse ehuraeterlstlcs: 
About 15-kw peak pulse power; pulse length approxinateljr 
30 microseconds; pulse repetition frequency nonally 60 
per second; recording range nominally 0 to 700, 0 to 1,000, 
or 0 to 1.400 km. 

Naidnal_ ftreqtiency coverage: 
0.25 to 20 Mc at Maul and Tern (French Frigate Shoals), 
Wake, Canton, and Tutuila; 1.0 to 25 Me at Midway and Tonga. 
Records are linear in time, logarithnie in frequency« 

Antenna: 
Delta-type antenna directed vertically; beanwidth varies 
fron approKinately 30° to 60°at |-power point aa frequency 
is varied. 

SMeepJbiae: 
15 seconds, except at Maul where it was 30 seconds in the 
fall series. 
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Tte aeenrttey of the frequency markers for the   C-2, C-3, v' '.'-\°-' 

•ad C-k ionsondes Is equal to or better than 0.1%.   It 1» 

SowQ. «ere cttckafl in the laboratory prior to setting 19 the *         * 
stations.   Cfceelw were made in the field against WVH, the r, -./.-. 
Batiooal Wmtau of Standards Tine and Frequency station lo- [.;•'• 
cated oa Hnd, Bwaii. }':/.[■ 

based ate l-Ne crystal oscillator.   The oscillators for Fish ^■/</■, 

She hti^t marker oscillator in the C-4 lonosondes L.'--. 
has an suwim equal to or better than 0.02%.   It Is based • 
en a SOOO-eye teaperatxnre-controlled crystal oscillator.   The 
height ■■ikcr oscillator in the C-2 and C-S lonosondes 
Is not njelel controlled but is cotopared with a crystal ocdl« 

.■. • ^ ■ 

•■. 

later at ngalar Intervals.    The accuracy of the crystal eon- jrj- ^aw^MMt 
troUed 

uar Intervals.    The accuracy of the crystal con- I '■■'■' N*«ea 
cquipBent was equal to or better than O.lf. ".*—:'- T^T" 

Ott 0-2, C-3« end C-U lonosondes tin proper adjustment 
of the giwil poise on the zero-ton height marker is set man- 
ually aid checked photographically on the ionograms through '- 
the use cf a built-in ground pulse interrupter. 
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RESUUS 

The results presented are: r«'' -.-7^^«; 
(a)   a group of selected lonograras for s^±. station and i. <:-' 

iß ^ ;•:,•. 
!"-'."-"l -■."•!- .■-' 
'."•■."••. •■ 

- •'■ •■- ■ 

. ■. - - ..■.' 

-."•.•■.- ■:'■.'■: 

•- •' -* 

event for which slgni^c-nt efferts vsrc observed, 
each group characteristically eocststing of the 
ionognns nade Just prior to, at toe tine of, and 
at one or more significant tines fallowing the 
detonation. 

(b) plots of F-layer critical frequencies and f-nln 
versus tins fron H - 10 minutes ts E + 3 hours, 

(c) plots of F-layer virtual heights at several fre- 
quencies as a function of tine Trx. Z - 10 minutes 

to H + 3 hours, 
(d) f-plots for a four-day period be£*--:lr.g the day 

before each event« 
In addition there are two figures showing the time variation 
of the virtual   range   of new echoes on the r-ut-Jla and Tonga 
ionograns resulting fron Star fish« 

The narrative description of the results is organized 
by event In chronological order, and by stablz for each event »    .-L,.'...:. 

-^ 

*:«;: 
• •." -.' O v" ■ "> • 

v: 

in the order Maul, Tern, Midway, Wake, Cantcc, rutuila, Tonga. 
V/lth a few exceptions, the graphical results are presented in 
the cam order (see list of figures In the tsil» of contents). 
All dates and tines in the text and 00 the fl-^res, other than 
times referred to detonation (H) time, are tz rr.   An exception        ^ ^ 
is the 150PW   date and tir.e that appears elor.; the right-hand 
edge of aach Hsui ionograra, which was placed oc the original 
film at the time the ionogram was nade. 

3he f-plot needs special explanation.   It is a graph 

SECRET 
.1 

• ft. 



showing the diurnal variation of certain characteristic fre- 
quencies on the lonogna, including the critical frequencies 
and f-aln, according to internationally adopted convention«. 
It is a very useful technique for showing the hour-to-hour 
variations of some iaportant ionospheric characteristics. A 
description of f-plot conventions and synbols is given in the 

Appendix. 
The reminder of this section will he devoted to a de- 

scription of the effects at each station of each shot. 
Star Fish. Maul» 

The detonation occurred at 11 PM local time at the Maul 
location.   At this tine the P-reglon was experiencing its nor- 
nal late* evening decline in naxinun electron density.   Typical 
values for this time of day are between 5 and 6 He for foP2, 
'Alle f-nin is normally about O.k Mc and quite frequently 
sporadie-E is also observed.   The sounder was sweeping through 
about 5 Mc at the time of the detonation.   Figure 2A shows the 
last normal sounding taken Just prior to detonation.   Multiple 
reflections fron the B-and F-regions are clearly observed, and 
this along with the low value of f-min Indicate that low night- 
tine absorption conditions in the ionosphere prevailed.   Figure 
2B shows the lonograa made at the tine of detonation, and it may 
be seen that echoes inaediately cease at 9 seconds after the 
hour (indicated by the white timing dot at top edge of the iono- 
gran) and complete blackout sets in.   In the right-hand portion 
of this ionogram it my be seen that noise and interference m* 
well as vertical incidence echoes are completely eliminated. 
The term blackout is used to indicate the absence of echo return 
on the ionogram.   Figure 2C shows the ionogram made 2} minutes 
later.    Faint echoes are visible Just below 5 Me, but at greater 
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▼irtual heights than tbe pre-shot echoes at the sane fre- 
quencies.   Ibis Is believed to be additional retardation 
caused by new ionlzation formed in the S-region.   Figure 2D 
is an ionograa nade 2k minutes after the detonation.   Absorp- 
tion is still considerable^ and th« critical frequency has 
decreased to a value less than U Me.    Figure 22 is an ionograa 
made one and a half hours after detonation and, except for lower 
than normal critical frequencies, represents a rather normal 
ionospbera« 

Figure 3 shows the changes in f-nin, foF2 and fXF2 at 
Maul.   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, tbe value of f-min decreased" approximately exponen- 
tially with a decrement coefficient of about 1$ minutes.   As 
shown in Figure 4, it 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, which corresponds to a reduction in electron density 
by a factor of k.   The normal rate of decrease in Ionisation 
density at this time of day is much slower.   The F-region crit- 
ical frequency remained near this low value until sunrise (see 
Figure 4). 

Tbe upper part of Figure 25 shows for Maul 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 tbe electron density of the layer and attendant changes in 
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height of reflection and retardation. Thus, the gap of 10 ■•!■-":•".■. S' 
nlnutes following the shot resulted because f-mln exceeded the •/• * '/•'/-'''•' 

highest frequency plotted (3 Me) during this interval. Sub- 

sequent breaks in the 3-Mc curve resulted from the decrease of 

foF2 below 3 Me, and the variations of the 2-Mc curve are pri- 

r&rily the result of foF2 variations with attendant changes in 

virtual height as veil as height of reflection at 2 Me. 

In Figure U are f-plots covering the four-day period 

beginning the day before the Star Fish shot. It is note- 

vxthy that f-min rose to exceptionally high values, 5 Me, 

near local noon following the shot. The usual noon value 

is raore like 2 Me. Higher than normal values also occurred 

near noon on July 10. F-region critical frequencies appear 

to have been normal after sunrise on July 9* The nC" in the 

f-plot for July 8 refers to equipment outage. 

Star Fish. Tern. 

Figure 5A shows the last sounding taken at Tem Just 

prior to detonation. Strong multiple reflections fron the 

E-aad F-regions were recorded as a consequence of the low 

ionospheric absorption at this time of night. Figure 5B 

shows the ionogram which was being made at the time of detona- 

tion. Complete blackout occurred promptly. Total blackout 

was observed for approximately 85 minutes. Weak spread echoes 

then followed as shown in ionograms 5C and 0 made at H + 9ii 

nlnutes and H + l60 minutes^ respectively. Considerable spread-F 

was recorded during the remainder of the night as exemplified 

in ionogram 5E made about 5 hours after the detonation. 

Figure 6 shows the changes in the ionospheric character- 

istics for the three-hour perLrxl following the detonation, 
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Alle Figure 7 show* a four-day sequence of f-plots.   After 
recoveij fro» the blackout, f-mln slowly decreased, returning 
nearly to noml by about H + 5 hours.   At sunrise, the combi- 
nation of la» critical frequencies and increasing f-nln resulted j'-'^••'-'>'•>■ 
in another period of blackout.    High values of f-min persisted , f .   ,  .• 
throughout the daylight hours of July 9, but daylight values 

i"'." •-" ■■" •■•",■ 

on July 10 and 11 were only slightly above normal values. 
After sunrise on July 9, F2 critical frequencies were normal. 

Because of the long blackout, no virtual height variations 

are presented for this station. 
Star Fish, MLdway. 

At Midway, prior to the detonation, f-min was below the 
lower Halt of the recorder   (1 Mc)   which was normal for the 

'-'".■•'--'"■• V"-. 

" . ■   -    -- T ■ hour; foF2 was varying in about the same niurer as on the pre- * m ^ 
I 

Himl 

ceding day, decreasing slowly. 
Sample ioncgraas for Midway for the period of interest 

are shown in Figure 8.   lonogram A in Figure 6 shows the last 
full sweep before H > 0.   In the following lonogram, B, H = 0 
occurred Just as the frequency reached 3 Mc.    The resulting r 9 
blwckwt occurred Instantly   and lasted 8^ minutes followed by •V-V 

a gradual recovery.   lonogram C at 0909 GOT shows an early h\\\ 
stage of the recovery.   By 0917 the critical frequencies were ._•/.■ 
clearly seen, as shown in Figure 80. 

Shortly after recovery began, foF2 was about the saw 
as the pre-shot value (Figure 9).    Thereafter, there was a 
small increase fron about U.9 Mc to 5-6 Mc by about O91C GMT, 
followed by a steady decrease to an abnormally low value of 
about 2.$ Me Just beiorc 093$ when a second blackout of 2| 
minutes duration occurred. 

.'-•.•'..•.--•. 

.■-.v.vvo>. 

JL . .t 
^»M   ■  l,.| * » .    .        .1 lau 1     I^II    1 a.   J        1  iw 1     im»   ^1.1    nuiKi».     1       lipi.pi PII^I        II. r .*« ■■■ 
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Fallowing the second blackout, foF2 gradually increased [T^:^ .N^v 
-,',' _'■ _"•« J'H ■-«. 

- * * i 

_1 H S, 

V 

»• . ..:•-, 

"•   , .•.<_,.^i 

the next 60 minutes or so to about U.O Me vbieh Is about 

for the hour. '-'vV- 

Sporadic-E (Es) of a non-blanketing type vas protdnent '•''',^Sv^ü>,t^,, 

hf MBO GMT as seen In Figure 8H, and by 1110 GMT this becane 

blaaketlng and obscured the F-layer as shown In ionograa 81. 

A eoaalderable amount, of epread-F was evident throughout the 

reaalader of the night as exemplified In ionograa 8J. 

Virtual height variations for Midway at 2 and 3 Me are 

sham In the middle part of Figure 2$,   As In the case of the 
curves for Maul In the upper part of the figure, the virtual 

height variations are primarily the result of variations in 

fol2 with attendant variations in virtual height and height 

of reflection. 

The f-plots of Figure 10 shew the longer ten behavior 

of the ionosphere from the prc-shot day of 8 July to U July. 

Beginning about ij hours after sunrise, fron about I83O to 

2130 CMT on July 9, and again from 0000 to 0300 GMT on 10 July, 

blackout prevailed. This possibly Indicates the arrival of t' jj '•' V '-'-'B 

debris at Midway. 

Following the initial blackout, f-mln decreased steadily 

but never reached normal values that night (Fig. 9)» nnd vas 

ahnonwlly high throughout the following daylight period. 

Thereafter, it behaved normally. ^^ii*ii i*^i 

Star Pish. Wake. . -y-.-' :■'■.■'"/ 
Critical frequencies and absorption in the Ionosphere 

■were aorsal for the time of day at Wake preceding the shot. 
.*" .'■ -'■ •*■ ."• *' 

The critical frequencies were decrearlng slowly, although '•'/-'.'-.'■.'■.. 
• *'.''., ■.'■-' ■*.' 

occasional Increases were not unusual at this hour. ' ^    0 

the ionograms of figure 11 show the effects of the shot. "v.v,-.-/,-.->.■ 

mmkm  

• • 
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Figure 11A is tbB last full lonograa teÄre the shot.   The, • • _, 
- -*- w*« "T-. •'• '"■■' 

detonation occurrei Just at the end of lonogran A.    lonograa %:*%"'-"." j-'".--'!-- 
-*«. "''-   j«   •"« ■   • 

B shows a considerable diminution of Irterfering signals ftro« ?--'-:.-■•^-•.■■■. 
distant stations as veil as sarked atscrption of the echoes. ^Vv'^v s,,-. 
A local marker beassa and its hanaonies retain at the low 
frequency end of tbs sweep.   lonograa C, made one minute after 
the shot, shows a nsried retardation In the F2-layer echoes 
at the lower frequencies and the appearance of an Fl-layer 
of the daylight type with foFl of 2.5 H:.   An E-layer is also 

^ :.■: ai 

m..-~ 

mM 

visible. ri    ^ 

A well-deflaea flaytlme type of E-^yer, with critical v" >!-' " \" 

frequencies foE aal fjcE of 2.2 and 2.7 !4:,respectively, is 

clearly shown in Iccogram D cede at H * 3 minutes. 

lonograa E, sale at E + 9 minutes, still shows jf2-layer 

retardation at the lower frequencies, although echoes from the 

lower layers were so longer recorded. 

Figure 12 shevs a post-shot increase in the critical 

frequencies of about 0.3 Me. A small 2-crease in foF2 was 

underway Just befcre the shot, end a rise of the amount observed 

could have been a normal rise rather than an event connected m ..-«—^W, 
t , <- 

change. This, bavsrer,  was followed by a relatively rapid {[v 

decrease, then successively smaller increases and decreases 

■ v - - • • ' 

V-VA-- ..■, 
i>-«-.■-•. - 

like a damped oscillation. '.^V-V-V'V'*! 

Prior to the ;bot, f-mln was noiael. At shot time^there m?:*JU£**^J, 

was a sharp increase In f-mia, but cocjiete blackout was not *.I.-.V '.. •..'*-' 

recorded. This pcssf.bly may have been because the detonation y-   ^. \. W 
occiuxed during the period of about one second between the 'V-viv-V /-' 

end of one ionogrerr and the befinnlng of the next. If a '.'■.■■'. 
complete blackout Lsi. occurred, it wouli have been of a •    # 

duration shorter than 9 seconds. In tbs second lonogram •.-!-■-,■'•!■- - 

V:VVA-:::- 

*- 

• .•- .^ .-> .■•■/■•■.■•*.•- .■•' 
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i •      • 
following the shot, f-Bdo bad already dropped to about 1.5 

. \" '«■ '".■ "■.■ \%" 

Mc. after vhich it decreased very slowly, reaching pre-sbot -l'--'"--!'-^".^""-"." 
a   ",» \« '.-  "j»   ".-  " 

values Just before sunrise« r*"--I'-'."--."--I"-"!' 
Since at Sei« f-nln did not exceed the critical ftrequeney, ■ä"'-""--","\"--S-'." > • ^ • -w -' -v - • 

and returned to below 2 Mc almost inmedlately, there Is an • 4| 
almost complete record of the changes in the virtual heights 
at all ftrequencles Srcu 2 Mc to the critical frequency.   Thus, 
the lower part of rlgure ?5 shows the imnedlate increase la }'■.■'■ 
retardation caw«« by the formation of ionization below the ■__[:■' ■':■ : ".•;.; 
F2-layer.   Except at 2 Mc, return to pre-shot virtual heights Lip., .. ^ (•;.. 
took place quickly. In about 7 rdnutes at i Mc, and In less 
time at the higher frequencies.   The renjüining variations are ■.-. X;." ^ .\\ 
prinarlly the result of critical frequency variations and at- 
tendant changes la reflection height and retardation. »•'' «'-■»-• ^•■»■i;- 

The f-plot« for 9 July in Figure 13 shows the slow de- r *'.•••;•'?,l.i 
.'-. ■ . ■/"*.•'',»' 

crease of f-mln, aal a rise to »bnomally high values follow- LV,*-"/-/-.."«..' 
»•"'.•'■.•'">"'.-'■." 

ing sunrise.   Absorption was only slightly above norral during r.*-"V•'""■■*"-*".'•' 
the sunlight period on the following two days.   These plots 'r-y yy'. 
also show that F-region critical frequencies were lower than fjT  "' "TJ 

PJf II t II  t HÜJ^Ü 
usual during the resainder of the night after the explosion. fV-.-'oV-,:' 

Star Fish, Cantoa. rv,,v'"ovr^' 

The ionosrbere at Canton appeared to be undisturbed r"v*V'^v-C-' 

prlor to the detccation. The critical frequencies and f-odn '•^•■'*-'s-"'%\".' 
p^'■.tA.aik—^ix^a 

were about nortzl vben compared with the medians for the „^ ..,,_..(>-, 
preceding 22 days.   Slow variations in critical frequency of 

about  1  Me  were aot unusual at this hrur.   At 0900 GMP, foF2 '1 •'". • .■■" •iä--' 
.*'•.'"■."'•.■"■,■"■.' was nearly constsrt or decreasing slowly on ncrnal 993%, /•./*,/./.•*." 

•*. •". ■'..•■>"■ 

Figure IfcA 1» the last coc=?lete lonograo before the 
shot.    The shot tosic place halfway through the next loaogran. _•   ,   , '^ 
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Blackout onset vas Instantaneous   and lasted over a minute» 

- .•- 

■ T   ■   ' 

t. 
Interference from distant stations also vanished instantene-       IVCV;,»',;'I

»*I"»J'^ 

the blackout. S^">:Vtv''/,v 

ously. Figure lUc Is the first looagraa showing an echo after NS'^IVIV •; 

Shortly after the blackout,the lonogrems took on the ap- Ll. _-. .^.-.. 

pearance of daylight lonograms (e.g. ito). lonogram E In Plgure ; -:! y 

Ifc, made at H + 30 minutes, shows an early stage of the forca- [-•''."•""Cr-V-'/-";-' 

tlon of spread echoes which obliterated normal echoes later on. [-.• . .-.'.;:".-.-,- 

It should he pointed out, however, that spread echoes normally '/•> .••"C:'.••"/ 

occur at this time of night at Canton. 9   -m 
As shown in Figure 15, the critical frequency (on."!" .of2 

was scaled) following hlackout remained at the pre-shr* value 

for about 7 nlnutes. It then increased rapidly to values 

higher than normal daytime values, corresponding to an increase Vj.'-J.^V^'Lx 

in electron density in excess of 2 times. Following this In- |jL.., .rft.^ 

crease, foF2 fell off steadily until about H ♦ 60 minutes and '.••/.>. 

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 *m*i*m*i  rini 
in that there was considerable horizontal stratification with- ^y-^rrr^-r- 

out any indication of turn-up at the irlmum frequency of echo []'••.' 
«■.'•".- "••-"••.■-■. 

return. This spread condition persisted until sunrise after }'/''.'■ 
*'  ••, *". ■'. •' •'. 

which time echoes appeared normal. .•/.-•. -.y.> 

The value of f-mln decreased rapidly following the f^"""'"'"^ " 

hlackout, hut leveled off after about H + 15 minutes at values .V .^ •._•.-•; 

well above the pre-shot values, normal values were reached !'.\'.-!"••.■.-■.-'? 
at about H + 80 minutes. In the following two nights (Figure ''••''•'.'■•',''•'•'. 

l6) f-mln was higher than normal. The values of f-mln for */.-!'-•'."-•!'''',"•• .' 

8 July are very near the median level for the 22 days pre- 9    9 

ceding the detonation (not shown In figures).        - , .V-V-' ■-■ •" 
:-'} v.-.;.;, 

mm 
Si 
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Perhaps because Canton is near the magnetic dip equator, 

the virtual height variations shown in the upper part of Figure 

26 cannot be attributed nainly to variations In the critical 

frequency, as In the case of Haul, Midway, and Wake in Flew« 

25. The initial Jump at all frequencies, following the brief 

blackout, is the result of fresh Ionisation formed almost in- 

stantaneously below the pre-shot F2 layer« The new Pl-layer 

thus formed seemed to lift 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 Tutuila 

prior to the shot. At 0900 GMT, f oF2 was normally constant or 

slowly fluctuating* The minimum frequency at Vhlcb echoes 

were observed was 0.25 Me, the lower frequency Unit of the 

lonosonde. 

The last complete ionogram prior to detonation is shown 

In Figure 17A. The next Ionogram, B, shows a sudden interrup- 

tion of echoes «vt H = 0. In the next lonogrem, C, echoes ap- 

pear In the vicinity of 12 to lU Mc at virtual heights less 

than 200 tan. 

lonograms 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. However, as tie echoes 

develop, the character changes to that of a normal F-lsyer 

and shows in ionogram E made at H + 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 than an oblique reflection. 
The variation in the value of the naximuo observed fre- 

quency i» shown in Figure 18.   This plot shorn a sudden rise 
In the value of the maximum frequency at H « 0 followed hy • 
decrease to near normal values at H ♦ 20 minutes,    ühls «as 
followed by an increase to a maximum around lU Mc at H + 65 
minutes and a second decrease to a minimum by about H + HO 
minutes.   Thereafter, as seen in the f-plots of Figure 19« the 
echo becomes very diffuse.   At sunrise,there is a general return 
toward normal with somewhat lower than normal critical frequen- 
cies in the morning. 

The value of f-mln Increased sharply at H ■ 0, then dropped 
rapidly for about 10 minutes, after Which there was a slow de- 
crease for about two hours, leveling off at about 1.2 Ne COOK 

pared to a value of less than 0.25 Me through the hours of 
darkness prior to detonation.   The f-ndn was also scnewhat 
above normal throughout the daylight hours of July 10 and 1X> 

The virtual heights of various layers show sone Interesting 
aspects and are shown in Figure 20.   These heights were sealed 
in the usual manner as   minimum virtual heights     without regard 
to frequency.    F-layer virtual heights at fixed frequencies 
are shown in the lower part of Figure 26.     Referring first to 
Figure 20, prior to H = 0 the sporadie-B-and FS-layer heights 
at about 90 and 260 km, respectively, «ore constant.   At ■ « 
O^the two layers were momentarily blacked out by the high ab- 
sorption, after which a new layer appeared with a virtual height 
of 135 km.   The virtual belebt increase« froa 135       to 320 km 
in 20 minutes.    The virtual height decreased to 200 
km by H + 80 minutes and varied only slowly for sone time there- 
after.-    This layer renaiited well defined. 
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At I + 20 minutes a diffuse layer appeared at a virtual 

bel^kt of 600 tan vbich decreased rapidly to 1*20 km In M) minutes. 

It ias mot seen thereafter* An additional weak layer appeared 

at I * 32 minutes and returned echoes for more than 20 seconds. 

Occasional transient layers were observed fron time to time. 

Sporadic-E layers were intermittently seen after H + U6 minutes 

hut were weak and not persistent. 

ngure 26 (lower part) shows the sudden appearance of 

echoes at frequencies well above those before the shot, at 

substantially lower virtual heights. The highest fretpieney 

sealed for this figure was Ik Mc, but echoes appeared at fre- 

quencies well above this In the first two or three minutes 

(Figures 17 and 18). Here again, as In the ease of Canton, 

the variations of the virtual height curves cannot he wholly 

explained in terms of critical frequency variation. There was, 

in addition, substantial variations of the height of the layer 

as a irfcalii. 

The new layer was formed almost instantaneously at ab- 

noraally low heights. Tbet^as the ionizing source strength 

decreased rapidly, or vanished, recombination quickly ate 

away the lower part of the layer, causing the rapid Increases 

In virtual heights until about H + 20 minutes. Some retardation 

ccotributed to the Increases after about H + 10 minutes as the 

critical frequency was then down to 10 Mc and lower, reaching 

appradaately pre-shot values by about H + iS minutes. 

Thereafter, the critical frequency increased, and virtual 

heights decreased as a traveling disturbance began to arrive. 

The heights continued to decrease after the maxinuo critical 

frequency associated with the disturbance had passed. 
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Star Fish. Ton». v_ ^ 

Equipment difficulty at Tonga, beginning about $ minutes 
before the ietonatlcn, prevented observation of any prompt ef- 
fects associated with the shot.   The icnogias shown in Figure 
21A was r»de 9 minutes before the explosion and indicates that 
ionospheric conditions vere near normal.   Figure 223 is an 
ionogr&r; rsie at JI •'  1 miiiut« In which the absence of all echoes 
nay be noted.   looograms made thirty minutes after the blast 
still shcvei no echo returns.   When continuous operation of the 
ionosonde vas resumed at H + U8 minutes, nearly total blackout 
was still in existence.     Very weak echoes which developed into 
a new layer were beginning to appear at a virtual height la 
excess of 1*00 km at a frequency of 13 to 1U J-fc.   The virtual 
height of this layer decreased slowly at a rate of about 2 
kn/nln, anl the frequency range of echo returns grew, maintain- 
ing approxirately a constant upper frequency limit but extending 
to lower frequencies with time.   At H + 57 minutes, a second 
layer began to form at about the same virtual height where the 
first observed layer had originated^and it also decreased In 
height with time.   The virtual height of various echo returns 
for a period of more than two hours is shown In Figure 2k, 

The ionograns in Figure 21 show, in addition to the two 
layers mentioned above, the development of a third and fourth *» 
layer at virtual heights of lltO and ISO km.   3bc api<earance of 
echoes without retardation at the upper-frequency end    suggests 
that all of these layers were thin, or that the echoes were fron 
an oblique irregularity.    In ionogram H,the ujper echo region ted 
developed retardation at the upper frequency end, seen in spite • 
of the spread echoes.    Considerable spread-F vas observed 
through-out the remainder of the night.   Figure 22 shows^he 
variation of f-min and the frequency ranges over which the echoes 
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from the layers discussed above were observed« 

Virtual heights at fixed frequencies are not presented 

for Tonga. 

Figure 23 shows the TOoga f-plots. At sunrise following 

the shot, f-mln Increased to and remained at higher than nornal 

values throughout the daylight hcurs of 9 July. Cnly slightly 

higher absorption occurred during the daytime on 10 July. Fal- 

lowing sunrise on 9 July, the "-region critical frequency behaved 

nomally. 

Check Mate, .^fcul. 

Figure «T^ shows the pre-shot lonograa. The explosion 

took place as the lonosonde passed 0.5 Me on the next (0630 

GMT) ionogram, Figure 27B. There was an Instantaneous though 

barely perceptible decrease in noise and Interference in the 

next 100 ke or so (coqpare Figure 2'/B with Figure 27A)fand the 

decrease was very noticeable below 0.5 Me in the following sweep 

£ minute later (compare "Igure 27c with 27B and 27A). 

A faint sporadic-E echo at 100 km between about 0.5 and 

0.6 Me in Figure 27A does not show in Figure 273 and did not 

reappear until about H + lU dlnutes. It seems likely that the 

disappearance was caused by increased absorption, hut because 

of the variability of sporedlc-E itself, the return of the echo 

Indicates only the upper limit of the duration of the absorptlan. 

Near noon the next day (Figure 29}» the absorption was 

somewhat higher than usual, but a similar thing occurred near 

the noon preceding the shot. Ar. unusual fuzzlness of the F- 

reglon echoes also occurred near the following noon. 

A slight Increase in the ?2 critical frequencies lasting 

about five minutes started ahaot Ü * 2k minutes (Figure 28), 

suggesting the passage of a shot-generated traveling disturbance. 
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FUMge of the dlstuitenee is also indicated by the sligbfc ..... ...."^ 

decrease in -»Irtual height at 3 MB hetveen H ♦ 20 nixnites and 
H + 30 abntes in the October 20 section of Figure 87* Other» 

vise, there ves little to suggest any effect of the explosion.     T*."••"/.•■•!-v";V 
Cheek Mate, Tern. m Ä 

At the time of Shot Check Mate, ionospheric conditions 

appeared to be near noncal with multiple F-layer echoes and an 

E-layer echo as shown in Figure 3(Ä. The shot occurred at about   ;-.'!!■..-!' 

10 MB on this ionograa. Figure 30B nade insedlately after the 
ml 1 1 '* >.   ■-—J 

detonation Indicates that a nodest increase in absorption occurrsd     ' ß ^ 
which caused a loss of multiple returns, a reduction In the 
strength of the E-layer echo return, and a diminished anonnt of 
Interference.   The increased retardation at the lower frevwocy : W ■'   . 

end of the F-region echo Indicates an increase of lonization ■,'•' ""•/ .-'n.-;! 
at heights belov the reflection level.   The variation of f-mln -• v.. !•. 
In Figure 31 shows that the absorption fllsdnlshed to pre-shot 

values within 10 minutes. V-y.'! .V.;'-.; 
The extended range lonogram of Figure 300 aade at H ♦ 8 

minutes shows that low absorption exists, as evidenced by the p'..,-':.-'* r'. ■'., ■ 
multlple-who returns.   There is also indication of an oblique ^._-.l.;..;T ; 
echo extending in frequency to shout 6 Me at a range of about 
65O fas.   The ionograa of Figure 30D, jaade,at H ♦ 10 minutes, 
shows a continuation of this oblique echo between $ and 6 Me ^-V-; \.--V-; 
at a range greater than 500 km as well as a spread-F condition. V n,n"'"' "mT" 
At this tine, a rapid change in critical frequency begins to ■/■[.■■'.■.•■'.■■ 
occur, with ^ critical frequencies increasing by 2 Nc in an .•■-.•"-.•■-.•■-.•;■. 

'"-■■"." ■.■-'.■•V- interval of about 7 minutes.   This change In critical frequency, .'.•.\-.\-.\-.\. 
v.*.' •/.-/ •.' -. 

(see Fleurc 31) corresponds to an increase in electron density ■"-•'"!•'".••'.••"/ 
w* -"   "   •   ' 

of 2.5 times.   Following the steet» Increase, in foF2, the • • 

.••^^ >•'■>' 
; ■?•/"/-/^ 
''•■.■'-.''v"'-.'1*-, 
.'• •'■ ."• .'• . • 

•■^ -"."•■ • r::y: 

•:•:•:.:-:-•■:••. 

sicRET ••■::'"::vv< 
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critical frequencies decreased 1 Mc by about H + 28 ndnutes. 
This bump on the critical frequency curves vas undoubtedly ttaa 
effect of the passage of a shot-generated txäveling disturbance. 

The passage of the traveling disturbance is also well 
■arked in the October 20 section of Figure 68.   Rote also In 
this figure the sudden Increase in the 2 Me curve at H « O, caused 
by the additional retardation resulting fron new icnizatioa forned 
Instantaneously in the E-or lower F-region over Ten. 

In the f-plots of Figure 32 at 1300 CMP on 20 October (H ♦ 
It.5 hours), f-oin increased to near its daytime value,although 
this was some 1» hours before sunrise.   Echoes indicating strat- 
ification of the F<-reglon was also observed at times during 
this period of high f-mln, and a representative lonogram, made 
at H + 5 hours, is shown In Figure 30E.   The Increase In absorp- 
tion observed at this time nay have resulted from debris whlck 
arrived over Tern.    If this is the case, the average drift velocity 
from the detonation was approximately 180 kq/hr.   The absorption 
which occurred during the daytime hours following Shot Cbeeik 
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 Which occurred for several 
hours beginning at H + 29 hours (1300 GMT en 21 October).   This 
was possibly caused by bomb debris drifting ever Tern at this 
time.    Similar effects were observed between H + 17 hours and 
H + 28 hours following King Fish (Figure 66, 0500 to l600 
CM, 2 Kovenfcer). 
Check tfete. Midway. 

The last pre-event lonognm is shown in Figure 33A.   The 
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foF2 and f-oln were about norml for the hour. ;-*.-•'.'-Vv'-./- 

Following the shot,there were no observable prorupt ehuicvz, .-",/-'-'A*-I-V.'" 

hut., beginning about H -* 20 minutes, a traveling disturbancr. hninm ['.\'£^rt>y 

to increase the critical frequency (Figure 2^) and dcercas'. th'- ^."S,^'ls'.,>*-' 

virtual heights (Figure 89, October 20 section).   Another, much 9 9 

weaker* disturbance seems to have arrived at about K •♦ 105 nlnutr::. . ...■■,."•",-■■.- 
It produced a barely perceptible increase in critical frequency '.•'.•'.'\' 

and decrease in virtual height.   A more narked indication of its 

arrival is the oblique echo which appears in the ionogran nade at   _. ■'. ■,. •'" ■ V 

H ♦ 100 minutes (Figure 33B).    It may, however, have had a nuturu}    •  _. .   • 

origin« 

Multiple traces, such as those in Figure 33C, continued to ''••!'■"■• >■ 
appear until about H ♦ 3.5 hours, but are not necessarily bonib- ;.'/\" V:/ .; 

associated. »"•■■■"'■>; nm.-c. 

Interference prevented accurate determinations of f-min, *'■.■'•.-'•.■'''.•'' 
but within the available indicatione, there was no abnormal lucul      .'-'.''.\'-'.- 

absorption caused by the shot.    Both f-min end the critical fre- 

quency were normal in the two days following the shot (FlRury :)5J, V-y.'V.V- 

Check Hate. Canton» f 

At the tine of ärtonation,  f-mla was O.p Mc, and fcF.? wue 

9*0 Mc and decreasing slowly.    For the perioi 19-31 October, at 

this hour, foF2 was nonmlly 6.5 to 2,0 Me, snJ there was a 

tendency for spread-F to develop.    linmedinti.-ly prior to tho d- t- 

onatlon, there was some spreading of the F-trasv near 3 ?•!= am) 

also a faint trace of Efe at a virtual heicht of J60 km.    Flfurv 

36A shows the prc-shot ionognun.    Tho shot t;..!. place at about 

10 Me oc this icoognua.   Th«.- next .lonogrum ( T^ure 36B) »how»-. 

a moderate Increase in f-min to about 1 Mc.   There was no 

dlocernible effect on the F-layer.    Along with tho increase In 

■ - 
%y. ;' i-*^r 

• 
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f-rdn, there was a d«crease In Interference particularly In tbe 
broedcast band.   Interfering signals are still missing In tbe 
Icnograa nade at H + 30 minutes (Figure 36c). 

Tbere «as a gradual bulld-iqp of oblique eeboes faintly 
seen at 0900 above tbe regular F-layer trace.   By 0923, Figure 
36D, echoes at several ranges had appeared.   Ttaereaftsi} tbe 
additional echoes diminished, and by 1000, Figure 36E, tbe record 
vas not greatly different from the pre-event record, except that 
f-oln vas still moderately above normal. 

The effect of a traveling disturbance may be discerned 
In tbe oscillation of foF2 In the Interval between about 1 + 30 
minutes and H + 60 minutes In Figure 37. 

Tbe spread-F shown in the f-plots (Figure 38) was moderately 
uiffuse, extending from the lowest observed F-layer frequency 
up to foF2.   An example of this type of spread-F jaey be seen In 

Figure 36. 
Tbere were no abnormal height variations of tbe F-layer 

following tbe shot. 
Check-Mite. Tutnlla» 

A prosit Increase In absorption is indicated by the proapt 
decrease in noise and Interference at the lower frequencies, tbe 
increase in f-mln, and the disappearance of sporadlc-E multiples 
at the lower frequencies.   Xn the frequency range between about 
3       and 6 Me on the pre-shot lonogram (Figure 39A), tbere are 
traces of echoes from the previous pulse (l/60-secood addltoml 
delay)—the fuzzy traces sloping upward at about 45c angle. 
These had all but disappeared in Figure 39B, indicating a saall 

amount of absorption.    By approximately H + 1.5 minutes, how- 
ever, they were back at nearly full strength.   Also, f-mln bad 
recovered substantially, although the sporadlc-E multiples near 
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0,5 Me had not reappeared.   A new cporedlc-E echo bad appeared ■ 

it about 50 kn between sprrcx'sately O.U       and 1.1 He.    This   • 

eeao la ist^.ll cv.ldrnt at 11 - '*0 m'.nuts:"' 'i\ Figure 3*0 ■WUteeti • 

0." r.iui 0.^ Ni? :;1   sbout tl - --0 ji'n.ju«-^. r.U.hough it Is not 

visible tn tho rxtend^d r-^cr-   'cnoGnuH, : ^un. 39c, nade at 

ii + 9*5 ratnutc». 

In the F-r-glon thcr^i vtij a travel'.5g disturbance which 

i'irst appeared at H 4 6.^ rlrrut-es as a faint trace at a range 

oi.' abc-ut )tü0 km.    Th.  rar^e iecroased and the echo developed 

structure, appearTnR at !! - ?.^r minutes as shown In Figure 39C,1 

c.t "ri + hO mlnut. r cc In F'sare  59D,, and et H •♦ 1.5 hours as 
i 

ahuwn In I-'guro  39E, wher.- *.i-s range Is substtmtlally less 
i 

tbttn that of the first hoc cf the regular F-echo.    In ten 

triori- ralnutes the n'cwlar F-eihoes were obscured, and 2-hop        j 

and bJ-gher ordtr fehecs Uzic-l to disappear altogether.   The 

new echoes then  ircroiecd '= range as though the disturbance 

h&d passed by.    By H + 3 h".o:s the regular F-ochoes had reappeaf0* 

el>-arly, and the «nlnbrnun ranee cf the new echoes was greater thar1 

that of the first hop reg-^lar echo.    By about E + h hours, the    j 

now echoes had ccripletely disappeared. 

As Is apparent In th: -Dnograms of Figure 39» eauipnent 

difficulty and/or interference Above 9 Mc prevented recording 

good echoes from the regular ?2-layer (although the oblique 

ochocs show up above 9 Mc la 5?C and 39E). Thus, the trend of 

the regular F?-layer critical frequencies is not shown beyond 

about II ♦ 30 minutes In Fitere 1.0.    However, the virtual height 

changes associated with the disturbance mentioned above are re- 

flected in the curves in th: upper section of Figure 90.   The 

abnomally high f-nln value; after about H + 90 nlnutes, shorn 
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In Figures hO and Ul.nay have been associated with the dis- 
turbance.   The origin and nature of the disturbance Is not 
clear at this writing. 
Check Mate, Tonga« 

Two lonogran», A and B, of Kgure k2 Illustrate effects 
of Shot Check Mate. 

lonogran A, 0629 (3A) GMT, was the last made prior to 
the shot, which occurred at its end. On this ionograo, f«-nln 
is less than 1 Mc. 

lonogran B, Which started about H + 30 seconds, shows an 
increase of f-raln to 1.2 Mc and the loss of a few Interfering 
signals.   All other characteristics remained at pre-event 
values.   The Increase In f-ndn any well have been fortuitous, 
as moderately enhanced f-ndn continued for about an hour (Figure 

1*3). 
The r-plots In Figure kk show no recognizable effects of 

the event. 

Blue Gill. VbMl. 

This shot occurred at about 0.7 Mc on the 1000 GMT sweep 

(Figure USB). Some slight decrease in interfering signals In 

the next 100 kc or so is possible but not narked (conpare Figure 

U^B with Figure k^k).    In the next ionograra taken 30 seconds 

later (not shown), the decrease in noise and interference below 

about 0.6 Me Is very narked. An Increase In local absorption 

was indicated by the disappearance of the sporadic-E echo which 

appears at 100 km In the vicinity of 0.6 Mc in Figures U5A and 

1*5B. This echo reappeared at about H + lU minutes. The tine 

of reappearance of the echo coincided with a decrease In local 

absorption as indicated by the drop in f-min at H + lb minutes 
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In Figure k6.     There were no further Indications of abnoirai 
absorption until about 1300. At about this tine, the F-reglon 

echoes disappeared for a short period (Figure 45G). But this 

nay not have been slnply an Increase In absorption; it nay hav«i 

been the result of a drop in critical frequency below the occult«       _ 

ing frequency (fbEs) of sporadlc-E. At about H + 12.5 hours, 

Just after local noon, there vas an unusual Increase in f-mln 

for about an hour (Figure U7), possibly indicative of debris ''..'■', 

passing by» '■':'■ 
There «ere several veU-marked traveling disturbances 9 

in the F-region. One is Illustrated In Figures UjC and UjD, 

another In hJE,  aid a third in ^5F. The passage of the disturb- 

ances produced narked stratification. Associated with these 

three disturbances are the two hunp« at H + 100 minutes and H 

♦ 130 minute«, and the uptilt at K * 165 minutes on the 2-Mc 
curve for 26 October In Figure 87, and the two jogs In critical 

frequency at H + 95 minutes and H ♦ 133 minutes in Flg. U6. A 

Jog for the third disturbance did not show up this figure.  The 

•". •*. •■.'-•■.'•■. 

disappearance of the 3-^ curve at K + 5 minutes is the result i*""^"""" '' '' 
of the decrease in foF2 which was in progress before the shot. JP...,..^.^,., 

The reappearance at H + 35 minutes ray be the result of a dis- 
turbance generated by the shot. V\- •■*":!•'■ 

Figure hjB Illustrated the appearance of the F-reglon ^■''. ■'.•'. ■'.'■ 
echoes after the period of weak echoes illustrated by Figure «^M»«««.- 

U5G. 
Blue Gill. Tern* 

F-layer critical frequencies and f-mln wore near normal 
values prior to the Blue Gill shot. Figures 48A and K- show 
the lenograms made Just prior to, and Immediately following, 

iiyi«*»i rj^n^i« 

jT. f. 
1> '.-.•.- V 

fc    » 

•-.*» 

t, JU 
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the shot,  which took pl^ce at about 8 Mc In U6A. Proe^t ut- 

sorptlon of considerable strength la denoted by th» Incr'*« 

I- f-=ln and loss of the naltlple F-layer and E-l«v« 'iChvse 

reccrded in A. Hie- sbcojrption existed for only a few !r.ln'Jt*:c, 

however, as indicated by the f-rain plot in Figure U9. fr^-ch'.t 

values were reached again after about 30 ndnutcs. 

5c prompt F-region effects were observed, but critical 

fjrecuencies began to be disturbed at about H + 10 minutes 

{rif-a-e U9). A fairly rapid decrease began at about H + 25 

rir-utes, and the greatest tjffect (traveling disturbance) took 

place near H + UO ninutes. See tangled traces in Figure U8C, 

ani rapid development illustrated in Figures 48C through E. 

ALäo note the virtual height curves for 26 October in Figure 

53. 

Taking 25 minutes, the time of beginning of the decline 

in critical frequency, as the time of the arrival of the dls- 

ttztence, and 900 km as the approximate distance to the shot, 

the average velocity was 0.6 km/sec. Additional traveling 

äi-vjrbances moved over Tern beginning at approximately H ♦ 
60 and at H + 80 minutes. The lonogram record made at H + 69 

rigates. Figure U8?; shows an example of stratification and 

oblique echoes resulting from these disturbances. 

A large increase in absorption near the time of sunrise 

on the noming after Blue Gill caused near, or total, blackout 

of echoes for more than an hour. This blackout effect, vhlch 

say be observed in the f-plots shown in Figure 50, resulted 

free the fact that f-mir*. increased, due to D-reglon absorption, 

cor« rapidly and to higher values from the solar excitation 

ä= did the F-region critical frequencies. Absorption con- 
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If 

tlnued to renaln significantly higher than nornal for at least      ',-V-V-V-V- 
30 hours following the detonation and included the period of 

'",""• '■.*'■.""- darkness 00 27 October.   F-region critical frequencies were ■|-'-V-".V.V/ 
near nornal -values vhen observable after the sunrise blackout        <'.*.-.'•-'■-.*•*' 
on 26 October, and no further anonalous F-region effects vere   -      IA m 

noted« .■■.■•.'•'"■',••-■/- 
Blue Gill. Midway. /-.--V-^"'•O/! 

The pre-shot ionogtaa is shown in Figure 33D» which was ''>-!'.■""*■>«'>• 
cut off at 6 Ne as a result of equipment malfunctioning.   AU V-'-.- ■'•'-,. .'•'- 
of the important infonation is, however, shown in the portion        ^9 r        9 
below 6 Me.    Note that f-ain was less than 1 MB, and sporadie-E 
echoes went to 2.6 Me. 

Shot tine was at the beginning of the next ionogram. 
Figure 33B» at about 1 Mc on this lonogran.   The sporadic- •«•-^--%^-K^ 

- £ echoes disappeared resulting in an increase of f-min to about     .,.-, -..;  . < 
1.7 Mc.   The sporadie-I echoes again appeared faintly in the 
next lonogram nade 15 seconds later (not shown), and f-mln vas        '.-;-' v'-!--.' 
again below 1 Ne by B + 10 minutes. 

There «as no striking evidence of shot-generated travel-        -_" ^ 
Ing disturbances, though some of the fluctuations in critical 
frequency in Figure $1 and in the 26 October virtual height 
curves of Figure 89 may have been shot-generated.   Figure 33? 
shows disturbed traces which occurred more than 2.5 hours after 
the shot. P 

By 1U25 (Figure 33C) blanketing sporadic-E obliterated V-V- 
F2-layer echoes to a large extent.    The ionograns for the I -V- 
perlod fron 1^30 to l6l0 showed complete blanketing by sporadic-      j!'-^-- 
E, perhaps Indicative of debris.    This period is indicated in 
the f-plots of Figure 52.   Sporadic-E was also stronger than 9.— 
usual during the following daylight period. •'■'•', 

• ."v . 

•. 

■ i. r , 

•. 
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Blw Gill. OantcB. 

At the tine of detonation^ the F-layer showed eooslder- 

able spread»?. The maximun echo frequency vas about 11 Me« 

Sporadic-E vas moderately strong, and f-ndn vas about 0.5 Me* 

This Is seen in Figure 53** The shot occurred at about 2 Me 

on this ionograa. The Immediate effect is a narked decrease 

in the broadcast bend interference (500 to 1,500 kc) in Figure S3B. 

with a diminution of interference up to about U Mc. The vertical 

incidence echoes retained virtually unchanged, although there 

waü a slight Increase in f-raln. 

Following the shot, there was a gradual increase of f-min 

starting about 10 ainutes after the shot. But, this nay well 

have been a normal fluctuation (compare with other nights in 

Figure 55).  Figures 53C and D show the situation at H ♦ 27 

minutes and H ♦ 90 ainutes, respectively. 
Following sunrise, however, f-min increased to somewhat 

higher than noraal values. Figure 53E shows the ionograa for 

H + 12 hours. 

Blue Gill. Tutuila. 

The shot occurred at about 13 Mc on Figure J&U Absorp- 

tion Increased suddenly, as indicated by the increase In f-min 

(Figures $0 and $7} and the disappearance of sporadic-E echoes 

(Figure 56B}, but recovered substantially in 2 minutes (Figure 

56c). Maximum f-min was 2 Mc. Absorption increased again 

beginning about H + 1 hour and hO minutes (Figures $7 and 58), 

f-min reaching 1.$ Mc by about H + 2 hours and 1*0 minutes, 

but subsiding to normal by about Til * h hours. Absorption 

again became abnormally high at sunrise, lasting about four 

hours (Figure 58). There were apparently no effects in the F- 
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region.   Virtual heights shoved no unusual variations following 
this shot (Figure 90). 
Blue Gill. Tonga« 

Three ionograms, C, D, and E   of Figure ^illustrate 
effects of the Blue Gill shot. 

lonogram C, 0959 GMT, shows the situation Just prior 
to the explosion.    Multiple echoes fron both E-and F-regions 
are clearly visible.   The shot took place at about 6 Me en 
this lonogram. 

lonogram D, H + 15 seconds, shows very little change In 
the F-region^but absorption has obliterated echoes froo the E- 
region.   The result is a sudden increase of f-mln from leas 
than 1      to 2.3 Me.   There is also a narked reduction in the 
number of interfering signals.   A vestige of the first multiple 
echo from the F-layer survived; critical frequencies regained 
unchanged. 

lonogram E, H + 25 minutes, begins to look like the pre- 
event lonogram.   A lack of multiple echoes frca the E-reglon, 
however, shows that absorption at the lower frequencies Is 
still somewhat enhanced. 

The behavior of f-mln is shown in Figure 59*   There 
no appreciable disturbance of the F-rcgion.     There were no 
unusual fluctuations of the critical frequencies. 

The f-plots for October 25, 26, 27, and 28 appear 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-mln value of 2.3 Mc at 1000 GMT. 
King Fleh. Maul. 

The shot took place at about 0.5 Mc in Figure 6lB. 
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Absorption Increased abruptly, tbougb moderately, Increasing 
f-mln frcn about 0.5       to about 1.2 He (Figures 6l and 62)« 
There was partial recovery In about two minutes, but f-nln 
remained abnormally high for Lhe next several hours (Figure« 
62 and 63)«   The Increase at sunrise «as less than normal 
(Figure 63), so that daytime values were .approximately normal 
until a little after noon when abnormally high values occurred 
for a little more than an hour (Figure 63)* 

At about H + 15 minutes, a traveling disturbance arrived, 
and the F-region critical frequencies started to Increase.   By 
about H + 30 minutes (Figure 62}, the increase amounted to 
about 1 He.   The critical frequencies then returned to near 
normal by H + 50 minutes.    Figure 6lS is an ionogram near the 
start of this period.    From about H ♦ U6 minutes to H + 69 
minutes, absorption was high, with an oblique echo and same 
stratification Indicated by a kink appearing about H + 5^ 
minutes which developed into a ledge that moved upward off the 
record at about K * fh minutes.   Another ledge developed at 
about H + 8l minutes dnHnr, another but slighter Increase in 
critical frequencies which took place between about H + 60 
minutes and H + 9° minutes.   This ledge moved in and took over 
the trace at about H + 9? minutes.   The extraordinary trace 
became quite weak again about this time and disappeared shortly 
after, indicating another period of increased absorption 
(Figure 6lF). 

At about H ♦ 96 minutes, a cloudy ledge appeared high 
up on the ordinary trace and developed into a well-defined 
ledge at about 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 gdautes.   The extraordlnaiy trace renloed ttsrj 

until «bout B ♦ 135 Mimte«. 
Bote the time relationship of the traaeteiMs fa 

critical frequency and Tlrtual height In Figures €2 and 87 
(1 Bomfcer) during the passage of the traveling dlstnAance \ • 
vhich arrived about H + 15 minutes. 
Klnp ?l8h. ttenu 

Ionospheric ccnditicns Which were producing nearly nomal 
iCDosoode echo returns Just prior to Shot King Fish «ere changed 
prcqotly, and dramatically, for hours   following the explosion. 
Figure 61» shoHS selected iooograns for a period up to B ♦ •» 

 ;  , 

r. •.• 
■11'II>« 

• * ^ • 
f. !   till 1  11 1   ^«^ha 

I- 
hours.   lonogna A shorn the echoes Just prior to the shot \ 
vhich took place at about 7 Me on this ionogras.   Prenpt, high 
absorption obliterated all echoes In the next two lonograas ^ 

(not shown).   In the icnogran for B ♦ U5 seccnäs, a ueak echo ^'S"".--V V.V 
fräa the F-region appeared over the limited tnqpeaey fange ftcorn !•">->'."."'.•'"> 
2 to 2.1» Me,as Shewn In ionograa B of Figure 8».   She Initial 
absorption decreased rapidly as Indicated by the variation In 

f-ndn to WB»* ^5« l|l___ .•_. 
Icnogram C in Figure 6Ü, made at B * 6 ulnute». Shews two :.  S.   . -.'^ 

new echo traces at a range of about 500 km.   That the upper 
trace is a ledge high up In the F2-layer is Inäleated by the 
retardation (increased virtual height) near folS.   Bote that 
the extraordinary wave echo is very weak.   The newly created ^P ■ ..^.jff. 
ledge continued to decrease in height and merged with the 
existing layer to produce a thin-layer-type echo within two 

* * •"" '•«"' «**   •'• »*" 
minutes, H + 10 minutes, as shown in Figure GiD.   As time pro- >\'-1.'•'>*.'•'.*• 

•V-V-" ■-'..••".'- 
ceeded, the new echo moved overhead and developed typical retar- 
dation at the critical frequencies, and multiple echoes (see Figure ME "7— 
made at H + 2l» minutes).    In addition, a new series of echoes 

."".••^'.:';.■'. 
. •i. •. ■, •. 
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nay be seen betveen the first and seconioverhead multiple echoes, 
and also a diffuse echo In the vicinity of lU Me at a nnge of 
betveen UOO end 500 km*   "Ztr oblique echo vhich appears at a 
virtual height of about 250 tan in Figure 6kE gradually decreased 
in range and merged with tbat echo which had been overhead, 
(ionograa F in the vicinity 1.5 to 2.5 He).   At the same tine, 
the diffuse oblique echo, observed in E around lU Me, decreased 
in range and expanded to sever the frequency range fron 2.5 Ne 
to a frequency in excess of the upper limit of the ionosonde. 
This echo nay be seen in icnogran F, made at H + 33 minutes. 

Beginning about H + 33 minutes, an additional traveling 
disturbance echo wa,-; first noted, appearing at a virtual height 
of about 500 km at a frequency near 1.5 Me.   This echo descend- 
ed in height, appearing at H + 39 minutes as shown in Figure 
6UF betveen 1.5 and 2 Mc, end disappeared by about H + 50 mi- 
nutes.   The spread echo, vith a fairly veil defined lower edge, 
continued to decrease slowly in height, and over the next few 
hours several more oblique echoes were observed moving toward 
Tern, and these echoes grai-^ally merged with those from over- 
head.   The frequency range over which echo returns were observed 
varied with time,but in general, as shown in Figure 65, f-ndn 
values greatly exceeded the nonnal values and also exceeded 
those observed Immediately following the detonation. 

A representative echo return at approximately H + •» hours 
is shown in Figure 6^H where it nay be seen that the upper fre- 
quency of the return is United by the ionosonde equipment. 
It may also be observed that the minimum frequency of the echo 
return is around 5 M:,and yet, noise and interference signals 
at frequencies as lev as 0.25 Mc are readily observed.   This 
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<- .*. /. ;■•■.-• .^. 

etaaxmeteriatie WMti Hat the high absorption regions are 
relatively soall la extent and are located essentially overhead 
of Tern.   Bras, tbqr do not affect the Ionospheric regions 
througb vhleh distadt signals pasp In arriving at Tern« 

OaOy weak retana. In the vicinity of 15 to 1? Me, fron 
the sane echo show la figure 6UH were observed during the 
period H ♦ 5 hours to ■ > 6 hours.    This was probably due to 
the Increased absorptlm created by solar effects at sunrise. 
At H + 6 hours, the eefco returns had evolved into a strong blanket- 
ing sporadlc-E echo with, as yet, no F-layer returns visible al- 
though the sun bad been up for several hours.   As the blanketing 
frequency of the sporsdlc-E layer decreased, weak F-layer returns 
began to appear about ■ + 8| hours, which showed considerable 
spread in the echo retnrn.   By H + 10£ hours, ionospheric re- 
flections produced ed» returns which were more nearly normal 
than «ny since the detonation; however, f-raln values were 
substantially greater than normal, and F-layer critical fre- 
quencies were several aegacycles below usual values.   This con- 
dition of higher f-ala and lower critical frequencies than 
nornal existed throuBJbout the daylight hours as nay be seen in 
the f-plots of Figure 66.   Also in Figure 66, echoes are In- 
dicated at three different tines during the period 0500 to 16OO 
GMT en 2 Hovenber (l ♦ 17 hours to H + 28 hours).   The strong 
sporadic-E echoes oay have resulted fron debris arriving in the 
vicinity of Ten.   A slnilar effect of strong sporadic-E echoes 
for several hours bcgiaslng at H + 29 hours following Check 
Mate (see Figure 32, 1300 GMT 21 October) was also noted. 

The passage of the principal traveling disturbance is 
clearly indicated la the 1 Novenber curves of Figure 88. 
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King Fish. MidWMr. 

The shot occurred at about 8 Me en looogran A In Figure 

67. Prior to the event, there was some forking and oblique 

reflections In the 12 echoes. 
Figure 67B, the lonognm taken lnmediately after the 

shot, shows considerable local absorption (almost a blackout ), 

which mostly disappeared in about one and a half minutes. 

Figure 67C (H + 11 minutes) is an extended range icnograa 

(0 to 1400 km) showing forked traces, but no unusual echoes. 

In Figure 67D (H ♦ 1? minutes) there are indications of dblltat 
echoes——the fuzzy patch at 1300 km and Just to the right of 

the 2-Mc marker, and another short streak at 1300 km and about 

U Mc. Both echoes decreased In range in succeeding ionograas, 

and the echo at 2 Mc by H + 20 minutes developed into a thin 

line extending from about 1.7 to 3-5 He with a range near 1100 

km, which Increased slightly with increasing frequency. These 

echoes disappeared shortly afterward. 

The ionogram for H ♦ 35 minutes (Figure 67E) she*» consider- 
ably increased critical frequencies, and the traces are no 

longer forked. The change can also be seen in Figure 68 which 
shows that the rice in critical frequencies started about 10 

minutes after the event and returned to normal in about 60 .'..-' I*'-/ 

minutes. The change in critical frequency was also accompanied •!''-.*■ !'*\'' 

by a change in h' K from 330 km at H * 17 minutes to 220 km at ß^      , p T. 

11 + 45 minutes. This indicates that the increased lonlzation 

density may have been largely the result of compression due to 

a traveling disturbance. There was no indication on the ionognua ■''■'''■.'. •'■ 
of the moving-in of ionized particles which would have shom 

initially as oblique echoes rather than a gradual decrease In «P '— 

virtual height and increase in critical frequency. Changes in ",-•/■• 
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}. ..-•..., .•.. 
f-nin after H ♦ fcj minutes were not seen because the lonograa "! •■.-.V-V-'.^V-' 

■v ~-" '•" 3C ■•'.■''.*"".'-' 
sweej, ■ w.rt^d at 1.0 Me and f-nln vas below the lower Halt of ^V'-^A'V^-'VVS 

the recorder iauch of the tine. /.*!.''•-■/-'"•-"!"•'/■'S' 
fly H ♦ 67 ndnutea (Figure 67F),the critical frequencies '.•.■Sv-*!S"I'-V>-'.,>''""-' 

were near nornal and an oblique reflection can be seen above | • •   , 
the second multiple near fxF?.   This echo-was first seen a 
minute before this record.   Figure 675 shows how It clanged 
in 4.5 minutes more (H + T1.5 minutes}.   Bjjr H ♦ 7^ minutes 
(Figure 67H)7the oblique trace was moving la overhead and bad , u—il. 

become associated with the traces at the critical frequencies. .•-.•-;-*  .- .  'T- 

By H + 78 minutes   (Figure 671), the fomer traces near foP2 
and fxF2 had become spurs.   Within a minute thereafter,the two ''. -'! - 

k ."■  ■   .•-; '. ■'.■-V-'L 
pairs of traces had merged>and the stratification appears as 
a small ripple farther down each trace.   A new oblique echo r  "   " ^       " ^ '" 
Is seen in lonogram I at H + 71» minutes at 600 km.   This echo 

was seen for only about 5 minutes. '[-•V-V-". ■'!■".-•■-■'. 
Weak opcradlc-E was seen at detonation time and inraedl- 

ately thereafter, but was not seen again for appradaateljr k 
bour,,• C ,<.,.■.■»... 

There was a possible long-delayed effect shown in Figure 
y' ."• .*• .■•."- .*• .• .■ 

67J, for (AOO GMT on 2 Noveriber.   Complete blanketing by Es rl"--?--! ••'.■^"i-!,I\ v 
was observed for a time (see also Figure 69). fV.-v"vvv -V'v" 

The shot-induced effects were the enhanced critical fre- .."•."•■.*•'.-■."•■.■•'.■•■.• 

by a fairly rapid decrease in layer height (Figure 89) and one SV-'I"-'>'I"-:.'•'."•'-": _..v%.   ...... 
more well-marked traveling disturbance, first seen 66 minutes .\Vy-V-'."y-/>' 
after detonation.   A possible delayed effeet was the occurrence •"v'v'v'v'vS-'v! 
of blanketing Es nearly 16 hours after the explosion. l'.**-."V -,"'•.•'•.• ■«' 
King Fish. Canton« ■» ^^ n,*,. ■ :■./.■■;■ 

Figure 70^ shows an lonogram completed before shot tine. [-i'," /'•'- -I-"-//!^:',- 
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The Ionosphere «u approodaKtelor normal with moderate?^ hanj 

spread-P, hut with a Älriy «ell defined critical ftreouency; 

f-mln was about 1 Me« 

The explosion took place at 1.2 Mc on the next lanograa 

(not shown). The lanedlate effect was the disappearance of the 

2nd-hop sporadlc-E echo and weakening of the other echoes. The 

next record (not shown) la vexy nuca Hke Figure 7QB. The ad- 

ditional absorption had virtually disappeared by H + b minutes. 

Beginning about H * 10 alnutes^the character of the 12 

echo changed, and by H + 20 alnutes, as shown In Figure 70C, 

the echo was a moderately spread horizontal trace en the loo- 

ogram, and the turn 19 at the —*<-^-< frequency is no longer 

seen. There was also a considerable Increase In the madmm 

echo frequency to U He. The sporalic-E echo was still rela- 

tively simple. In Figure 71,the rise and fall of the vertical 

lines indicating spread echoes between about H + SO minutes 

and B + UO minutes is indicative of the passage of a traveling 

disturbance* 

The range spreading of the ?-layer echo continued to be 

more pronounced with two ranges preiooinant at about kCO and 

600 km. See Figure 70D. The sporadlc-E echoes in this iono- 

gram had also become more co^lcac.  The absorption had de- 

creased to about normal as indicated by an f-mln value of 0.6 

Mc. By H + 112 minutes. Figure TOB, the F-layer was diffuse 

and showed a number of poorly defined traces. The sporadlc-E 

echoes also showed multiple ranges. Subsequently the blanketing 

effect of the sporadlc-E became more pronounced until complete 

blanketing of F2-echoes occurred at B + 2 hours, (lUlO GMT) 

and from 1510 to 1520 GMT. Figure 71, showing blanketing 

(synfcol A) after B ♦ 117 rdnntes, rerely indicates that very 
little of the F-layer returns were rrserved. During this 
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period,the F-leyer height Increased^ana echoes vert very diffuse. 

By H ♦ 5 hours, the F2-layer had largely returned to aaraal, 

with only a little spread-F. Thereafter, the looograa» appeared 

to he noroal as shown in the f-plots of Figure 72. 

The sbat-lnduced effects were an early aoderate Increase 

In absorption followed by fairly large diffusing effects In the 

F-ecboes, plus Increased complexity of sporadle-B echoes and 

Indications of a traveling disturbance. The total duration of 

the effects of the event appeared to be about five hours. 

King fish. Tutulla» 

Tbe shot occurred as the ionosonde was passing 2,3 Me 

on the ionogram in Figure 73B, and the onset of strong absorp- 

tion was Instantaneous. The absorption Increased In strength 

for about £ ninute. The echoes In the lonograa nade 30 seconds 

after Figure 73B (15 seconds before 73C) had almost disappeared. 

But by H ♦ 1.5 minutes (Figure 73D)» f-min was back down to 
about 1,3 Me* Also in this figure is a trace of spondlc-S at 

about 80 km near 2 MB. Referring to Figure 7^, 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 values, but 

subsided to approximately normal values by late morning. 

Again, referring to Figure 7^» and the 1 Hoveiriber sections 

of Figures 75 and 90, the F2-layer remained relatively undis- 

turbed until about H + 30 minutes, when the critical frequencies 

began to increase, and virtual heights to decrease. The crlt- 

frequencles 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 7^ shows another slight increase In critical 

frequencies near U + 150 minutes, but the nagnitude of thi» is 

hardly more than a natural fluctuation. It should be noted that 

there vas a tendency for the critical frequencies to increase 

sharply near 3200 GMP on other days (see 31 October In Figure 

75, 19 and 22 October in Figure kl and 25 October in Figure 58). 

The large excursion in critical frequency was probably caused 

by an influx of ionization from above and/or a compression of 

the original ionizatlon which took place in such a way that no 

stratification occurred below the height of rcximun density. 

At about II + 2 hours, a fuzzy patch appeared near 11 Mc 

(about h  to 5 J-fc above the critical frequency) at a little beyond 

500-km range. In a few minutes this was seen on an extended 

range ionogram (not shown) to extend backward with Increased 

range (apparently retardation) to about a megacycle below foF2. 

In Figure 73F, a portion near 11 Mc can be seen Just beyond 

the 500-km range marker. The range near 11 Ito gradually de- 

creased to about UOO km before it disappeared near sunrise. 

None of the fuzzy echo showed on the ionograns after O72O GMP 

(ll + 5 hours oni 10 minutes). Thereafter, the ionocrans appear- 

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 JO» note the absence of the initial disturbance 

in the King Fish curves, but the general sinillarity thereafter. 

King Fish. Tonga. 

Ten ionograns, F through 0, of Figure k2  illustrate this 

event for Tonga. 

Ionogram ?, 1210 GMT, was being made Just before shot 

time. The characteristics were f-min less than 1 Ifc; u'Es 95 
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tan, fBB 1.6 Me; k'R 230 km, foF2 6.9 Me. The shot took plaee 

Just after 1 Me In lonograra G. The sporadic-E echo at 100 fan 

vas pra^tlsr cot off at about 1.1 Me. F-reglon echoes are not 

seen at frequencies below 3>^ Me,and the number of Interfering 

signals vas redneed considerably. Otherwise, there was no Imae- 

dlate change in the F2-echoes. 

lonogm I, H ^ lU minutes, shows an echo traa 1.9 to 

2.5 Me at a reuse of 380 km. This echo Is at a frequency and 

range vpprapritnt to the third multiple of Es. On the other 

hand, the ahsenee of the second multiple of Es suggests that 

perhaps this Is an oblique echo which may he related to the 

shot* lonograB I, H + 19 minutes, shows the new echo fading 

cut as the range decreased slowly. All other characteristics 

remained unchanged. 

Icnograa J, H + 37 minutes, shows the appearance of 

another obllqne echo at a range of UlO km. By H »• 75 minutes 

(legits range tad decreased considerably. That the echo Is not 

fron overhead Is Indicated by the lack of Interference with 

the first Koltipls reflection from the F2- region. 

In lonogtaa L, H + 92 minutec, the critical fre- 

quencies In first-hop FS-echo are nearly obscured by the oblique 

echoes. h*F has decreased to 210 kn.and foF2 has decreased to 

7.5 Me. She weak return from the E-reglon ray be due to the 

variable nature of Es rather than to absorption. lonogram M, 

S + 116 sdnutcsf shows still further development of the oblique 

echoes. 

In lonogm I, H + lk3 minutes, the oblique echoes have 

nearly vanished. The oblique echoes were last seen at about 

H + 230 ndnntes. 
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0, H + 265 minute», narks the start Off a blackout 

period vbicb began at suärise and persisted about tbree hours« 

Recovery an slow, and nonanl-appearing records vare sot obtained 

until about 2ZkO GMT, or nearly soooa 

Figure 76 shows the wave-lilte fluctuation» of the F2 

critical frequencies associated with traveling disturbances. 

The corresponding variation» in virtual height appear in the 

curves at the bottom of the figure« 

Figure 77 give» f-plots for October 31» Moverber 1 and 2« 

These days are typical for this latitude. The event of Boveribar 

1 is narked by a slight increase in f-min at 121$ GM? follcwed 

by a disturbance in the F-regioo and finally by a sunrlsa 

blackout at 1700. At 22U5, the f-plot ha» returned to nornal. 

Tirtit Roue. Iteai. 

Figure "fik is the pre-shot ionogran. The shot took place 

Just after the ionogran« Effect» seen to be confined to dis- 

turbances of the F-region vblch occurred beginning at H + 23 

minutes. Figure 78B, the record for H + 2U minutes. Shows an 

Inflection at the traces near the critical frequency uhleb 

indicates an Increase in electron density above a height Just 

below level of naximua electron density. The inflection va» 

in evidence only about 3 minute». later, about H + ~1 ninutes, 

another inflection appeared for about 2 minutes (Figure 78c )• 

At about H •» 53 minutes^ still another appeared for about 1 

minute (Figure 780)» The satellite traces pamllrllng the 

2nd- and 3rd-bop echoes near 2 Me in Figure 78D may be echoes 

from an oblique Irregularity. Another manifestation of a 

traveling disturbance appeared about H + 3 hours and 1$ 

minute» (Figure 78s). This lasted about 20 minutes. There 
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is little evidence of dlstcztanee In Figure 78 and the % 
Hovenfcer curve« of Figure 87« 

Figure 80 gives the diurnal f-plots for this event. 
Tight Rope. Tern» 

The effects of Tight Rope at Ten, if BBJ, vere so adld 

as to he Indlstlngulshahle frcn nonnel fluctuations. There ves        !■.■"• /■!■■/' 
no dlscexnlhle pronpt absorption, not even a discernible effect <•■'■'"'''•'■'."' 
on the haehground of interfering signals.  Therefore, no icno> 
grams and no f-plots are presented. •'■'•!■"•'-'.•'■"•';•.■ 

The evidence presented Is in Figures 81 and 68. The is- , • _  .• 
crease in critical frequensles, reaching a matbmm at about 
H + 50 minutes (Figure 8l), ray he hcdb-essoclated, but takes 

place much later than the disturbances produced by the other 
boobs. The k Novenfcer virtual height curves in Figure 68 jv- •"■ •"• • ■ '■ 
likewise show nothing unusual. »*-r»-*^r»f 

Tight Rooe. Mldwy. itvi'/ovT^ 

Figure 67K shows an lenosonde sweep completed at H ♦ 3 /'-/'•/''!-'-'-'■!'-'' 
seconds; i.e., the boob went off at about lb Me in this looo- 
gram. Figure 67L shows an lonogram started at H ♦ b seconds. 
No change is evident except for a possible diminution of inter- 
ference Indicating increased absorption elsewhere. 

Evidence of traveling disturbances, possibly boob-generated, 
appeared in subsequent ionograms, as at Maul. There «ere a 
number of fairly rapidly moving oblique echoes over a period 

of about 3 hours. By 1225 GOT,the ionosphere appeared to have 
returned to normal. 

Notice the similarity of the critical frequency variation 
in Figure 82 and the U November virtual height variation in 
Figure 89 to those for Tern (Figures 81 and 68). 

Figure 83 gives the diurnal f-plots for this event. 
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TU&xt Hope. OMton« 

Bo effects on the vortical Incidence soundings «ere observed* 

There my lave been • slight attenuation of interference« So 

icnognos covering this event and no detailed plots of critical 

frequency and f-aln and virtual height are Included in this report. 

The diurnal f-plots ax« sboHs in Figur« 81». 

Tight Hope. Tutuilm. 

The ionograas showsA no recognizable evidence of a hobb 

effect. The k Sovendber virtual height curves In Figure 90 shoe 

no effects. The diurnal f-plots are given In Figure 85. 

Tight Rope. Tcoga« 

Two ionograas, F sad Q, Included in Figure U2 lllusttste 

this event. Ho recognizable effects of the boob were found in 

the icnograns. The f-plots for Koveniber 3» ^» 5»and 6 are 

given in Figure 86. These plots are typical of undisturbed 

days at this latitude. 
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mscussKM 
Star Flth» 

Ibe cbanges In the lenospbere resulting froo the Star Flah 
»hot at Indicated by lonosoode data «are greater at station* 
located near the magnetic meridian passing through the point 
of explosion than at the other stations.   Itals was the case 
even though seme of the stations not on the aagnetie meridian 
were closer to the point o? explosion. 

The greatest duration of total blackout, approximately 
8$ minutes, occurred at Tern Island vfaleh lies near the point 
at vblch 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 fro« 
the F-reglon were observed.   It is likely that HP radio coe- 
munlcations 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 observed. Although 
equipment difficulty prevented continuous observation, total . 
blackout apparently persisted until H + 51 minutes. It should 
be remembered, however, that the lonosonde at Tonga was an older 
less sensitive model than those at cone of the other stations. 
Tern in particular. 

The F-layer reflections at Tonga were entirely different 
from the weak spread-type echoes dbcerved at Tern.   It seems 
likely, following the total blackout at Tonga, that HF coo- 
munication circuits with reflection points in the ionosphere 

over Tonga would have been able to operate satisfactorily 
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much sooner than those circuits with paths In the vicinity of 

Tern Island. 

The various layers Conned over Tonga nay have been the 

result of ionized honb debris which travelled along the rbcn^l*: 

field and deposited in the southern conjugate aroa. Socae of 

these layers nay have been in existence at tines earlier than 

those observed with the ionosonde, but echo returns were pre» 

vented by the high absorption at lover heights in the D-region. 

At Tutulla, which Is some 900 km north and somewhat east 

of Tonga, very drscatic ionospheric effects were also observed« 

It is interesting to note that the lonization density over 

Tutulla following Star Fish was on the order of k times the 

diurnal maximum value for a normal July day, when the critical 

frequencies reach the vicinity of 12 Me. The Increase of P- 

region critical frequency from a value of U Mc to over 20 He 

indicates that the shot promptly produced a greater than 25- 

fold increase in electron density. 

The perturbation of the ionosphere in the equatorial 

region over Canton, while significant, was much less than 

observed at the other ionosonde stations along the magnetic 

meridian. Blackout occurred for only a little over a minute 

following the shot; and a transient Fl layer echo was returned 

for about two minutes beginning at H + 3 minutes. No FP-layer 

effect was observed until about H ♦ 7 minutes when the critical 
frequency begun to increase, rising to a value of 11.5 Ms at 

H ♦ 20 minutes. This increase of critical frequency correrponls 

to an Increase in electron density of more than 2.5 times that 

which existed prior to the shot. 

The effects observed at the Jalands of Maul, Midway, and 
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VakB were smller In ■agnituae tban at the otter locations 
discussed above.   At these three stations, a prcopt Increase la 
absozptlcn oceuiied vhleb resulted in a blackout for about 3 
minutes at TXUtrnj, and for more tban a minute at Maul*   At Vale, 
f-nln Increased to at least 6 He momentarily but dropped to 1 
Me vitbln a mimte.   At Maul and Midway, f-nln decreased more 
slowly, requiring more tban an hour before reaeblng 1 Me. 

F-reglon critical frequencies increased by about balf a 
megacycle at B ■» 15 minutes at Midway corresponding to an Increase 
in electron density of about 20 per cent.   At Wake^a very slight 
rising trend in tte critical frequencies, wbleb bad begun prior 
to tte detonation, continued after tte explosion, and It Is not 
certain that there was any effect In tte F-regloo caused by the 
shot vlthln tte first 15 minutes.   The Maul station did not 
record any increase In critical frequency, but, instead, fre- 
quencies were slightly depressed in the period I + 5 to H + K) 
minutes, after which time they decreased more rapidly, and to 
values lower than normal for that period of day.    Critical 
frequencies at Midway and Hake also decreased at a rate greater 
than normal, after tte initial increase.   Tte rapid decrease of 
critical frequency at Midway contributed to a second period of 
blackout at H ♦ 35 minutes when the critical frequencies were 
less tban tte value of f-adn for a brief period. 

Hear tte time of local sunrise at each of the seven 
stations on tte morning after Star Pish, D-region absorption 

increased more rapidly and remained considerable higher through- 
out tte day than on nonml days.   A slight excess of absorption 
on tte following day was also noted,   r-reglon characteristics 
and critical frequencies returned to nonml at all stations after 
sunrise on tte morning following the shot. 
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Most HF m—■ilnfrm circuits crossing the Bacltie ^.'- ;;-'r-v.:-V-*; 
Ocean should hn* suffered only a snail amount of outage tiam /'.v.>>'-',;>'.-'>I-- 

due to absozptloa effects resulting fron Star FISh«   Sotable '■'N'.'-V-''.'''.'•'* 
exceptions would bave been those circuits vlth paths traversing 

>.•',* ;'■ ;T. •'. ■■?. i 
the Ionosphere la the vicinity of the northern and southern Q ^ 
conjugate areas around Tern and Tonga.   Ihe rapid Oecllne In 
critical frequencies soon after the detonation to -values lower 
than nornal for the tine of day, observed In the north at Maul, 
Midway, and Wake, nay have caused MJF (naxlnun usable frequency) '"-/■-•"•/ .'"-.•' 

failure on circuits with ionospheric reflection points In those iß.,.  .,^-. 
areas«   Such circuits could probably have operated successfully 
by lowering the opcatlng frequency.   Ionospheric layers famed 
over Tonga.and the spread-F condition which developed there 

and at Tutuila could have resulted In deleterious effects on y"--;"•-'"•-'"'-if '• 
some types of circuits because of changes In niltlpath and ^r-T^. i'!^!'1 

fading conditlflos. 
Cheek Mate. .V-V-V-V'V". 

All stations showed an inaedlate though moderate Increase 
in local absorption, although the Increase at Tonga may have I^J : -i:- 'm 

been fortuitous.   #t all stations, except Tonga, there were '' •. v -'-;:.' 
'• ,'• ."• ."•,.''• ."•, 

indications of traveling disturbances after the explosion«   At 'v'vV ■-''.■*'. 
'• •v«\L'v% •"". 

Tern,there was a well-marked Increase In critical frequencies 'v'vV .-'*■-*'• 
beginning about H ♦ 8 minutes, and at Maul and Midway less '■'!■'■'■'•'' '.■'/'. 
well-marked increases beginning about H + 20 minutes at Maul ^   Q 

and H + 20 to 25 minutes at Midway. These times Inply average 
speeds of traveling disturbances of about 1.9 Tua/see,  1.3 
km/sec, and 1.0 to 1.3 W«ec, respectively, to Tern, Maul, ■/•'//'••.''•.'•'*'. 
and Midway. 

A distuibance aanlfested by an Oblique echo from an _• • 
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approaching disturbance followed ty sgtmA echoes seemed to 
arrive at Canton about H + 53 minutes ecä at Tutulla about 
H ♦ 90 minutes.   The corresponding average speeds would be 
0*7 yaa/sec to Canton and 0.65 Tm/aec to Tutulla.   Such Iden- 
tification of the dlstuxbanee at Tutulla may be erroneous, 
because the corresponding echoes seemed to grow out of new 
echoes which first appeared on the Tutulla ionograms at H + 
6.$ minutes! 
Bine G1U> 

There were 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.   Cbly at 
Tutulla did there appear to be a relatively unambiguous delayed 
increase in absorption (H + 2 hpurs to E ■«- 3*5 hours) aside 
troa abnormal increases at sunrise. 

F-reglon traveling disturbances of substantial msgnltude 
were indicated by the ionograms for Maul and Tent; a somewhat 
weaker indication appears on the I-Üdway ionograms} and none 
is    recognizable at the other stations.   At least 3 and pos- 
sibly more disturbances ere recognizable In the Maul and Tern 
records.   Each of these disturbances is characterized by a 
narked decrease in critical frequency followed by the develop- 
ment of a higher layer with a greater critical frequency.   As 
the higher layer developed, it took the place of the previous 
layer.   The advent of the next disturbance was then marked 
by another decrease in critical frequency, followed by the 
appearance of another higher layer as the cycle repeated. 

Taking the time at which the critical frequencies at 
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Tern began to deereue at the onset off the first large disturb- 
ance as I + 25 minutes, the value obtained for the average 
velocity off travel ffraa Johnston Island, assuming travel began 

at the instant of the explosion, is 0.6 W*ee.   The decrease 'v'v'v vv/ 
which began at H + 60 minutes for Haui would correspond to a • • 

velocity off 0.U km/see. 

King tish> - Svi:-"-;..-:; 
An Inoedlate Increase In local absorption occurred at 

all stations, but seemed to be least at Canton, nie Increase ;"v!';"'-'• /•• 

•was greatest at Tern and Tutuila. There vas substantial recovery •  .9 

at all stations after a few minutes, but at Tutulla the absoxp- 

tion Increased rather rapidly again at about H + 10 minutes 

and remained high the rest off the night. At Tern, also, the 

absorption Increased again in a more gradual manner after about ^- - 

H + 80 minutes and remained high the rest off the night. 

F-region changes were dramatic at Tern and Tutuila; they 

were also well marked at Kvii, Mduay, and Tonga, but somewhat 

subtle at Canton« The Increases In critical frequency which 

^ .. * . * . 

began about H + 17 oinutes at (faul and about H + UO minutes - —   ' ^ 

at Tutuila took place without narked stratification. Whereas 

narked stratification appeared at Tern and Midway. At Tonga 

the effect was principally an increase in oblique echoes and 

spreading of the F-region echoes. 

The above-mentioned times for the beginnings off the 

critical frequency Increases at Maul ( H + 17 minutes) and 

Tutuila (H + UO minutes) both yield 1.5 hp/see for the average 

velocity of the disturbance. The beginnings off critical fre- 

quency disturbance at the other stations, including Canton, 

are in good agreement with this velocity. Except at Canton 

and Midway, the times of the maxlna are proportloiml to 

.-•■.» 

f.... f 

.v.". 



distance traa Jotanston Island vittaln a few percent« At Midway, 

the arrival «as late. Again excepting Canton, a depression 

followed the nein cnhanceaent of critical frequencies, «hieb 

vas in turn foUowed hy another snail Increase! The tlses of 

these mlnlna are also approodnately proportional to distance, 

arrival at Midway again being relatively late, and at Tonga 

relatively early« 

Tight Rope» 

Only Tonga showed evidence (an Increase In f-ntn) of a 

prompt increase In local absorption, and this increase could 

have been fortuitous. Ho dear effects vere recorded at Ten, 

but both Maul and Midway ionograos showed evidence of traveling 

disturbances, beginning at about H + 2U minutes at both places. 

Ibe disturbances occurred over '. period of about 3 hours in 

both eases. E * 2k minutes f .x these stations corresponds 

to a velocity of about 1.0 Intysee. 

Conparlson of Events» 

The magnitudes of the effects of a shot tended to be a 

strong function of the detonation altitude, as veil as the 

yield. Thus, Check Mite produced more disturbance at Tutulla 

than did Blue ClU, which was more than ten times as strong, 

because of the difference In altitude. The differences in 

the heights of Blue Gill and King Fish, which 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 yield, and thus had by far the greatest effect at all sta- 

tions. Tight Rope, on the other hand, though having about 

the same yield as Cheek Mate, had the lowest altitude of all. 
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and thus produced scarcely recognizable effects at any station« 

The effects of King Fish were similar In some vays to 

those of Star Fish. A notable difference Is the practically 

Instantaneous buildup of lonlzatlon density in the F-regloo 

at Tutuila by Star Fish, vhleh vas entirely lacking following 

King Fish. In both events, however, the major disturbances 

seesed to he at those stations near the conjugate areas, namely, 

Tern and Tutuila. 

Although the 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 yield of Check Mate« 

The overall effects of Check Mate and Blue Gill tended 

to be about equal, though noticeably different in detail. Thus, 

the change in critical frequency at Maul, Tern, and Midway, 

resulting from Check Mate, tended to be greater than that trat 

Blue Gill, but oblique echoes and stratification of the F- 

region tended to be greater after Blue Gill than after Check 

Mate. This suggests that the principal 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 vas greatest for 

Star Fish, but nothing of the sort appeared after Check Mate 

and Tight Rope. 2nhanced f-mln occurred at all stations the 

day after Star Fish, at all stations but Maul and Midway 

after Blue Gill, end at all but Midway and Canton after King 

Fish. It is conceivable that some of the extra absorption 

following King Fish vas caused by the airdrop on 30 October. 

66 

SECRET 

.9  . .. • 

• 1. 

-a1 

• . ■ -*„••• V 
.* *»' v- "■" ". 

!■■  .j  ^w ii.^-»r» ^^» 

*■■■,-■•.-'*."•.-*■ 



I -v 

COHCinSIORS JUH) RBCOMENDATIORS 

As this project vmm priaurily concerned with data 

gathering, the interpretation given in this report Is sketchy 

and speculative, »ich work reaains to be done, especially in 

correlating the results of ■easurements by the various projects, 
before an adequate understanding of hoch effects can be achieved. 

The sveep-frequenejr Unosonde has proved capable of pro- 

viding much useful data on laaediate and delayed effects on 

absorption in the lower ionosphere and electron density in the 

E-and F-reglons, hut changes in virtual 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 

lower frequencies. Thus, to convert virtual heights into true 

heights, the complete ionogran for all frequencies below the 

critical frequency is necessary, in principle, although certain 

gaps can be tolerated without excessive error. Another condi- 

tion necessary for the conversion, however. Is that the iono- 

sphere over the station he plane stratified, and this condition 

nay not be well net when traveling disturbances are present. 

Most of the iooosondes used in our taeasurements provided 

lonograns adequate for reasonably accurate true-height calcu- 

lations under undisturbed conditions. The performance could 

have been Inproved with better antennas, but it is doubtful 

whether, even with the best perfomance, the lonograms would 

have been adequate for true-height calculation» under the 

disturbed conditions following the Fish Bowl shots. Thus, no 

true-height analysis was attempted for this report. 

The deployment of the available ior.osondes seems in 

retrospect to have been quite good, especially in view of 
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the location« of lonoMBäes operated by other project«. •/-..>••/'".• 
Although intended for and used in continuous operation, '•''.'•'C,w''%V/'-l'' 

the ionoeonde« vere not really properly designed for thl» node •.^-••!'.v^>i-/' 
of operation   and tended to break down frequently.   For a N-NV-\V". V"' 
future Fish BoHl.it «onld he vise to use new icnosondes design- ^          9 
ed vith the 1962 Fish Bowl experience in Bind. 
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APPENDIX 

CONVENTIONS AND SYMBOLS FOR f-PLOT8 

1. When definite and veil defined, the ordinary vave critical 

frequencies are plotted as open circles. 

2. Definite x- and z- critical frequencies, when plotted, are plotted 

as x's and t's respectively. No Z echoes appeared in the ionograms 

described in this report. 

3. If the value of a critical frequency, as defined by the 

standards of accuracy, or the magnetolonic identity is in 

doubt, a filled circle is plotted.    This applies to all 

the conponents; 0, x, or z.   When a filled circle is used, 

and the reason for the doubt is not obvious fron the re- 

presentation on the f-plot, the appropriate descriptive 

letter is written on the f-plot near the filled circle. 

When the values for a particular .ionogram plotted aa 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 tabulation 

sheets. 

h.    Any spread of the echo about the critical frequency Is 

plotted as a straight vertical line extending over the 

frequency range covered by the spread.    If a critical 

frequency is seen through the spread, its value is plotted 

at the appropriate frequency. 

5.    All values of fbEs are plotted as filled circles; cocsec- 

utlve 15-ralrmte observations associated with the ease Es 

trace are connected from one sounding to the next by a 

straight line.    When fbEs exceeds foF2, the value of 

foEs nay be plotted and connected to adjacent values cf 

fbEs. 
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7. 

6. f-oin is represented by • filled circle with « Terticel 

line connecting it to the effective lower frequency 

limit of the ioaoicode. 

V represent« "lest then" and is used prlnarily vltb 

f-oin. Kormlly, "v" vill he plotted for f-mln et the 

lowest frequency st which echoes ere received when this 

"lowest frequency" is detemJned hy noise or interference. 

"A " represents "greater tban" and will most often he 

used with foFS.'It lb plotted at the highest frequency 

obtained within the accuracy rules. 

Missing data: Prolonged periods of no echoes due to 

equipment difficulty or absorption may be indicated on 

the f-plot by       C or       3 

8. 

10. Qualifying and descriptive letter*: 
A     Measurement Influenced by, or impossible because of, 

the presence of a lower thin layer, for example. Es. 
I!     Conditions are such that the measurement cannot 

readily be Interpreted, for example, in the presence 

of oblique echoes. 
B     Measurement Influenced by, or Impossible because of, 

absorption in the vicinity of a critical frequency. 
S     Measurement Influenced by, or impossible because of, 

interference or atmospherics. 
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Figure 4 Star Fish. Maul. f-ploU 
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Figure 5 Star Fish. Tern, selected ionograms. 

n 
SECRET 

• • 
R. "'^ ■', ," •-*•• ■• 

K" ■'■ ■ "     , • . • - * 
t"- .••. %'.' 
F..- ..-. 
&-,-_.;] -, "*• ■ !'-V- 
K • "•■: ■     - •■- • -,? 

li^i.'^ '.^: ■-■ I!:.: 

[^.IT-^-. 

k^- • •"• ■ 

p 
frl££ <::>:: 

k« . JU, 
•-.:<■.• t:: :. -•>v. 

1+ ••.• -•.■-■-. 

'!•'.•"■ 

■".'-■"-■.' 

1 "•■ 

m-. t 
a     ' '■  ' • , • . 
tv -.■■.•■ 

>',*'".'■ 

I'V-.v--.'- •:. 'V'.' 

ft». , ■ ™. 
. ■. •. 

r* ."* ."■ 
1 • ."■.'- *- ." .*- . 
L ■•■".-'■■ *• .••'■ 

f   -'. •'. -' ■*•*.• 

• •"*■'.■" 

fc *" "•   V -.' .' •- [!# f 

r c*>'. -' !•'!•'/-' 
|> •'.••'.■•" 

1    ■' "• 
■"'."• A" 

&»" ,f. 
-. *. ■. 

«■"••■' 

•.•■.■. 1 :■.■''.•* 
1 fSV-r. . •■. ■■. • 

I ' •• •• !>S'1N 
t .* ■-•'*• .'•■.'•■."" I - 
1   # • 

I '."•'.'•■.' ;:;::::- 
t '•.'•'.'• .■• .■• /• 

[;  "• ."• ."• 
'':•:■': 

F '• ."• .'■ 
rj   •. -. - • *,' '.' ' |v f 
I ':•■'-•'. ■"• **• '.* 

i    ,\ •* */ '•* 
1    '"'.-''>' vvsI- 
i'    ■ • » • . • .  * • * 

1» t 

>/&& 
i     '•  *•  * <W 
1  '••'••'!: .V.-o 
[        «^ -ti* # ^VV--. 

4  t-- 

. •«•. 
-_■ -.• V" ^." ■--wv«/-•"•.•■ 



, « • • .v 

IT :-.:-. 

.■-,■- - * 

, - _ *  - ^. 

o.v»;-. 

I 
£ 

a 
b. 

I 
e 

**. • '„■ , 

jf 
•■:. '•v. 
.-" 

". -■. - 

■;> 
■.• 

'.-■■•■ 

..-. ■- '."•.->" 
1   , 

• • . 
r- ■.-. 

■.'.•;.; 

"• 
'•:■ 

•*. ■'• 

1 ■.-■ • .*•" " 
LHI ■■ ■ -■ - ■- 

K. ., 

»-'  fW 'n' 

7« 

SECRET 

i; •:•.•: .-VN 
I-.- 

*. 
i-v'..vv'; 

t.   t 
■•'■.■•.■•'.■•"."•" 

-M^^.- ..-»...-..-. ^ .". .% .-. .-..-«. .-•.N-.v.^.'- ."•_*.N^,»jV."«jiVi^J 
•       '_* ■ 



•. .^*  • 
•'.'•"'.*•*■ '**. 

-■ •.'•-.% 

•- •     • SS 

IIIWmilliM*'"!'il<:Uim iimlMi; H. 
owtiiiiAiw« i'i^mi'.m' 
IBHUPW**!'■;: 1« ü'ta in n. 

-  mKt»* »ÜÜillliMHii' 
lii-^rf ire;-» iiui^!", 
l*iitji>*Bä#äJi*,i|:' 

mmm 
aiiii|lWfflttS'.alffill 

iJBi||ilM,Hl«.^';JilVM!C:, 

.■ 'r;:,äiiim«iii*,t«'v.i*tfa<i 
MB 

BKnawni';.! <./-««* 

^'«■ni.U,, Hi;, 

teiag^^l 'mrfm-f^ 3SJ5? 

Figure 7 Star Fish, Tern, f-plot«. 
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Figure 8 Star Fish, Midway, selected ionograms. 
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Figure 10 Star Fish, Midway, f-plots. 
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Figure 11 Star Fish Wake, selected lonograms. 
81 

SECRET 

,---':■..•     |I^WI     i        n    iitWI|*l ■. ".IH     -»^T^ 
r     '        III- 

^. 

ii-. 

-•- ,■• »>. 
• • ^ - ■ 

-•■'.•-"A". 

■ ■-"!■-■ \' 

f^ ft- 
•. - ■ '^- •. >,. 

.".>..-. •.. • 
.- ".■".•• ^ • 1 

".''■-" ■'.■"•.'"-' 

«• •.".••■ 
'.".•.■.•«' . -. • -^. •. • 1 • * \.' •.' •. '. 
.-■.•.-.••• 
-•.■-•.•-• 

. -.% .v • •. • 

, •'. •". •". •"- •' 

•.* •.' v' •. *.' 
'• .'" .'• .'■ .**• I 

--.'■»"- ^  .  ■ 
■      ■.•.••'.  ■,• 

• *.-*••   O  •  ' 



-rn 1     1 '    1 ■   " i   ■ r  ■ i 1— 
•     • 

r ■     • 

SECRET 

a 

s 

I 

i 
a 

3 

2 I 

. ^." * ■< - • 

•     • 

vv-:■--■-■ 

l~' ■' 

"-•■ .-->-■ 

■'.■.'-■-•" 

W ''-■ .  •**" •-    *-* 
■ ' ,■" 

..•. 

r'y'-' 
Vy- 
I1 ""■.."- 
Vßl • 

■(■ 

•' 

R.--\ 
.-■/• 

at 
•y.v-"./.-.'.-. 

.■•.•-■.v 

:^> 

-«r-. «w"»-!^" ■^■■•»i» J • '^ - •■»w^—»-^n» 

>.V.V?.-/. 



S ft KTr-Pi 

l:-\-y -■- 

5iJ 

1. /.,■.."..-. 

■'■.•■'>■>■.•• 

.f ■ f 

FlRure 13 Star Fish, Wake, f-plota. 
n 

SECRIf 

■ ■■«■i   "«^i« 

- -^  -   ■*  . -^     'm '   -"•   -^   «"^ ■'• ,"• «^   -^ . >V^V 

t t 

■•!"•*.'•• 

• • 

■.•"■.•"* 



I   ^»•T"—J-^-S-^"- 

09010/2) H IIIUI i»|i m i    mm   mni. i mm «■.■ -yr—»—i     urn    in   I   ■   ^«IHM 

■SIM«. — -- -fr i'ct'iy>ai i 

0»OS(3/4) 
m'  v •  

•■h. miHÜUmimm ■ii fc  ■ i i i f an fiin 
trj 

0930 

*W|| MI        I ml» u>.. B 
i        i     «    i   •      •    • 

raiouc«ct  I« 

11 i      l'ÜijBJ 
•    a 

Figure 14 Star Fish, Canton, selected ionograms. 
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Figure 16 Star Fish. Canton, f-plots. 
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Figure 17 Star Fish, TutuiU. selected lonograms. 
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Figure 21 Star Fish, Tone«, selected ionogrami. 

91 

SECRET 

• 

a.# 

''■■-*■ 

:. 

.' >.• %• •." •."•.- 
i   V V V  ',   •. 

T~—^—. 7 ■ "^ 
". . - . • . • > .._-.'.• •,;>V« 
•.■'•.'!•.•.."'.•.•> 
. -•. ••;>*. • , •. 
-■.".'••"-• 

• -'*••' •.  V "• 
■.•"•"''•.■"••'"•-'1~ 
'. -'. •• •".•-•- .- , •   -%.• .^.... 

JU... t. 
•'. • . * . V, • . •' 

- ■ .  •.•■-**-. 

::v:vS^:-: 
.•.•.■.-.• 

•• ■••.■••.■•• ■> •■ 

>.■•-.■-•.-•''. 
. ■,.•,- •.• •.. \ 

:•    M 
?'.^,—,''. - 

".■«•.».•» 
".••*.■.-, 

.*. .•  ."• .• -■ 

*.■."•'.'-■.■•'.*-.*• , •', • . -. •. • . 
» »V «> .> , • «N 

"V ._■..     •_" ». •<• V'K.'-Vl ^   ^   •■   V • ^ • ^ t* • " *_"   V * • * • *. • ^ O " *   ^.* • 



T—r 
i 

i—i—i—i—i—i—r—i—i—rsn—i—i—i* 

31)   AMmOM« 

M 

SECIET 

| 
S 

f 

i 
M 
M 

2 
I 

-v--.-■.".••.••• 
'-'."-.■-.■-'.■'- ■• 

1 Li    ii-al. -.'■".. 

^ "      V  - .   ■ "      • 
■. •» .■» . < .  - . < 

•„ *.' •.:■•»■■.> 

"* •■"" »^V"' '• '•' 
.  j*  *  \' • ■ 

•, ■. ■ ■ -   • ■ ■ • 

' ■  '■' "■'".■ \ \ 

. •    -'.'- .■••."■■/- ■ 

■ i   < '■ *i•■* 

*»■ I ■ - >* ■ *" ■ .   11 »r'" ^ ■    ■ f* — 

■• .-» «■> '.•»•.-. .-• .-. _•- •_•..". /. 

m »■in.niii^^ 

••*'•■ '* •'*»•'. 

*.••*'•■-"•' 

• _*', ■   • .'*. 

B'ml>m*,'rimti 

j 'in i T v 

• ■• ."• .'• ."■ .'■ 

■••."•■.'••.■•'."•-' 

■'/•■'.•'.'•■'!■•>■ 

• .■• ,■■.-. ■ .■• 

.■ ■-■ •.■ ,' •.' •. 

•". "*. •*. ■*. •*. 

•. * - • ■ 

•*. • • ' 

».,Tt. 

;-^ fe^ 

:::-::-:yÄ 
:#.,'..§, 



m ^ijiii'in   ^^mwM 
■ a       «ajULiNL ■•_!e«5».*«o     vtamaM       m-"***.~it 

Figur« 23 Star Flsh. Tonga, f-plots. 
M 

SfCRET 

.: 

k 3^ "»••-. .-»^^mum** 

1 \'   -.' -.* %',••',' 

.' .■.■.•.•-•.-.".•■. 

!■<• 
•VV-V'^V 
- " 1 • -." --• %' • 

'••^v.-v .■■'.'•■-•■, 

. v ■ '• * 
. • . • 

•v-v.-.-..-. 

n^       iit»»j    ■»»;;■"■>■    ■   i- ■ i    ii    ■'       i    i' 
■        t w    III>    i IPI ly   »^1 



. •". ••- 

ill 
«•I 1M9I3H   IVfUIII* 

94 

SECRET 

8 
o 
o 

8 

I 

H 

CO 

v.'-i.-.. 

" »X» "  -   ' > 
L • • " ."^■ • "• 

•v:-.'. ■.■;..• 
fc- ,■■■:»: n r. i 

IV f 

'•■■/-. 

■'. "'. 

ij 
■-"■*•/'- * Vk  '" 

^r, ..._ „•, 

v-s: 

k 

■^y-   ■■■■■yr' ■ - _wmm    nn ■ ».JpMlIf .'I.". «.'Jg.1 

*'".4.'   .*' 

» JI_ 

S.' 
■-••■.' 

' *.' -." ■. 

|L_ ± 
• ■  • |   »v 

.*•".•• 



>•     _ 

E 
•3 
c 
> 

I 
3 
s 

k. 

M 

I 

I f I I 

M 

SECRET 

« 

.,*     ■!     ^ ■   »    - 

ä 

' -.vl^af*. ^*M.Jt> 

:Ä:Ä-:-: 

"■J^^P^f-^ -*■■   ■■■■      ■»^■rr 
-^r—■• ' ' 



1 1 r 

*; I 

r—r 

«I r 

i 

E 

I 

t 

t 

-• 

ill 
tmuM 

96 

SECRET 

•.' -.- •/ -.-' Vvv 
'.•■.-V:-J-\V.' 

•      • 
•-v-^v-v-:" 
•:^-:V.i>:::-:% 

• •.. 
••■>>"-:-s-'-.' 

.:.\-..  INV-.• 
:-.-.: v-%".%v 
^.C-S^^N:- 

P™   jnrm-^Fr? 

*"."•"".'-■"'■"."-■."■- 

i t»- - ^. 
JS "-'-*■■    .*-■ 

bC •.    *.    ■-    \    " .    ". 

i "V *.v ".' *-• *«" 

1 
■^ V '.* *.■   .' '■»■ 
> 
N 

W-'T'-'i -".'- r- ■ 
n 

•". ■ ."■.•■.- ■ •■ 

l 
a 

3 i 
z 

U f p   • 
JC 
N '■l,"»'h"    ■*•' 

1 
as 

8 

| f|   .,      , .f 
b. ' m ' ' ' ' .' «' •    "*..•            .      '-     ' 

' '    "      .*      •*     •       v* 

;■'/■'. -"."-'--' 

•      • 

;-:::::v:-: v 
- . - . - w - t • • 

. -. - . 1. - .. ■ 

S;^: 
.•■.'.••.•.•.% 

»    t 
-.•••■.•;••-/•:• 

.■-■.•-.•••.••.■• 

:':.■:.:■': 



i c*nwrt 10 ocToee» iNt 

 . »0  OCTCPfH 19«? 

fesci'^Ä^ 

2c ir» M«! •**•? ■^ j /w". fun. um j . J»II.M| ■■ ly^ppi i     ■      ii <■■ 

.U-^_ • '      -    '  ■' .;» ■■^   • 

< i      •     >   i       •    «   «   « «    r. 

Ä,::,:^: 

'i 

e Mw*ä*—i» 

K >, ••.V-v- n 
' - * - " ^1 • " •-■ 
^. • . - . 1. • . ■• 
1 . " . ■ - ^. ' • 1 
Sawn niiiiiri» in 

r—=—i—i—- 

Figure 27 Check Mate. Und. ionogramc. ir.'t 

•7 

SECIfT 

b        > 

• •-' ,*wi - w—gT> '■'■-;*"*■ -^ '-^'J 
■ »■.—'^ ^ T ■*» V ■ "T-' 

-*i     -ta . ^ . 



3N    A»l3nS3M4 

SECRET 

a 

I 

I 

o 

Lf. 

w 
1-.,%-.-. 

i "•- V V > ",« 

-r- ■^-■J~   J • 

i • 

, -'. ■'.. 

' .. ■ •,•'.• 
■ •*■•'■ 

A *  ",.' •* - *'»* 
» t 
r'    ■   '   ■    v 

L - •• • . 
• ■ • • ■ *«* *•* 

*»• *«• ' 
• * • * • v.-v. 

r • 

L ■ • •' •".•"' 

>'-■■- 
* ,*' •'* 

• ^ 
^•.   .   !    I   ,,■ * >"    .   "  ■■    "!'• nmr. ■.—«-      ■»■   mi   i.. -II    ■■   ,.   .,    ■  -  

:%v« 



aatlOCT. MI 

Tacwr 

• ** • m»** »*        «It OCTJ 

A 

..•., 

Lt..   ^ 

i -.-.■■.— . • 

".- V *.' 

">•.", 

■r.''iiii"«i "i i 'in ( 

i JL 

-••.-•::^- 

r5 

Figure 29 Check Mate, Maul, f-plots. 
9» 

SECRET 

^n  !•..    'I   »H   ■  ' 

*■••.■•• ■••.*•. 

I* '.■'.• ■.* '.• * 

t • . - « 

9.  .   f 



20   OCTOKM   I»*« 

10   OCTOK*   IMt 

•i<J^ij 
■%•■.•-* -•iii*i ;j^-.~-l 

mk± ^ & ;-■ t.   I 

•^ »?■ ' 
:{■ •   1 

.;LI i'iy. .] 
'   ■ ( 

'*     1 

>0  OCtOMR   IMt 

'«-.••-.■'. ■ *  ■  - 
.*■■—&-Su—=—»* 

•-•••>, 

,• 

i"   ■■' 

In ■   ' ■ 

.• -• 

SUIJE 

§    • 

ratsume« «c 

Figure 30 Check Mate, Tern, selected ionogram*. 

100 

SECRET 

>v-v-.-..v 

-• •-■ "-• 

.'. 



• t 

-r_i j j , j^,—,-,—, p 

« 

o 
N 

J L 

IY 
■J-N 

■••■^ 

ft 
J I 1 ,-L 

3M  ASNinewj 

101 

SECRET 

\ . 

! s 

i 
i 

'S 
J! 

v. 

v" - " - 

■•■.- 

, • 

1     •     » 

■  • . " -     -"..■■ 

*«     *.      '-      "s 

•."•,"■.    -. 

'   . •              '   -   > 

»;'■? ■ ;%.■- 

.■'■.•■-.-' *■.'••" 

.     ".     ■.     '.     -, 

.' *.'  '.' ■ •■."• 

■■ " : 

,"•".'■."■ 

V "." 

b • 
.*■.•"«>■ . • . • 

„ • .'■ .■- *■  *- 

. 1 

.• . •.N . " . 
• . • . ■ . • . • . 

■. « . • fc • H ' 



TIM, MT TM .MT 

'r>        »•«i.QCt.H mmlimjIUH»      ,'.:■ 

Figure 32 Check Mate, Tern, f-plots. 

102 

SECRET 

nU «Ct.. «t 

'•     • 
-:■■.•"■."•.-'■ ^}- 
'.""T. •"■ >w. •'. •'. 
,-■.".-»••*".' 

--■.■•■-• ,.^\-\ 

.■•.--•.■-\V.-.-; 
I iJ! • ••• Vi.'« ^ - 
1 ."->■*- ,,, ■ 

,- -* > V ' ■' ■ 
|_"-■••-■•' r *' '      ' 

f 

^     •-    ". '^     'V 

»v ■.• *.' *." ".*. 

w*. .»wfwmm'im mim 

l>^—y- y ■■!' *~ ^l 

■-■.■•.•.•- A . 
•-'V •-" •-'> 

-.V, 
l, •. »•. c. • • 
J • . •. i. •. 
. 1, •-    T- '  . ", ■ 

Lt ff 

i 
^  •   s 

-• f 
■■':-:•': :Ä 

^.•% 
*•",'••/-*, 

-*. •■*• 

« t 

Ji -_•-_*•- ■ 



u'     tl       i-*-- 

B        09MIWII 

m 
i 53 ! 

i vi ■ 
r ■ M n 1 •b 

i ' r -i 1 
i ^ U4 

C        OiM(VN n OCTOMH IMI 

• •"-• •"•"-"-■-"-■ v 

i -.• -.- -C: -.- ■. 

f - * W ' fc r • • v   ■ 

.'.-.-    L' -. " - " 

I I       « • I      • • It 

mMCWr ac 

Figure 33 Check Hat». Blue GUI, Midway, aelected ionograna. 

m 
SECRET 

■ •>.■ •." .' •/ •,■ ■ 

.-•   . .-• 

• .■•.' .*• .*• /• 

• .^ . •. • .^ . • 
.•••.•.•.•.•.•-•.•■.•. 

■ *.* ".• ',• '.*  •• ■ 

■*rr~^l**9 -wrm m ■ ■ w,» > ti Ijpi    ■■ pffm»   ■ i'i ■ 

^    rf"_   ^. 



2 
* 

104 

SECRET 

| 

1 
n 

I 
5 

o 
J 

CO 

<". J". • • • 

• 

. 

^BL.., i i^i 

■ «   ■■ ^^ - 

• '.•'.- ■.• ■.•.■ 

.•••.•-•.■ 
•  -.■.•.•.• 

*• .■• .*• .■• .'■ 

*." •.■ -.■ ■. •.' 

f,  , .», 



TUE. «MT 

„. IWMr.JSUWO   • ««I «M m ■• • OCT 

Httj 
;!!^;r;^{-ii:^ 

"> M 11! ^ Y 
TWC.CHT 

..»««»»»iSL*«»  .MifMwn       »»ocrm» 

•   ■««•••r««n*p 

i.^..+..   Ul..|.   1.   I . .C Ij   t'lj^i*    f^   •   —»   |   «■»->J—'-r-,   -■ jll 

TiWC,M«T 

Figure 35 Check Mate, Midway, f-plots. 
105 

SECIE1 

§-■:■ 
m ■'. 

§;■■;■-• 

■f 

fi 

^t -—^—vÄr**- 

v, ■.•■,■-".,■". 
".' '." "l.' '., "■" 

. •'   '". "'. 1"< "' 
-.■.--•■•. 

".' ".* %* %   '• 

i" A _ 



^ 

>r 

'' 
M emm» tan 

m 

»»   H>«HI    I »Ml, 
0UWI/4I • 1« OCTSM*  IMl 

■ .ijn   p.iij^y HTPJKH   ininni.,n ,,mi    [»üI.JU i y ij 

a «»w i» ■_ 

•I 
1 

^ 

m 

iwülxl littabi fct-J tllilrfcii 

.Rip #: 

i Ml i • 
mmSMi   H 

■ — i 

ili a HMUMÜI 

I 

t 

r »oo 20 OCT;«»  Mt 

•a i      «    t   i      i    4       M     a 
Mi 

;"■:■;:-■ 

•     • 

> 

• 

MCOUCHCT at 

Figure 36 Check Mate. Canton, selected ionogramt. 

106 

SECRET 

-■.■>.•-'•-•.•. 



i 
8 

i 
'S, 

i 

i u 

J 
I 

Ml   ONHrjIM 

107 

SECRET 

■"—■—' -rr-y^rv" ■"■; '   ' ■       ■ ■' M - 

*.• *> V '.• '.-' 
v /.   ••    V   N   '- 
I ■ - a:- •"- '"- •"-' 

^:i :•:•;•:•?:•; 
••.• •••,••:■•.■ • 

■ .^ ;"•".'• - •: ■ 

M     II'   li     ■ 1    I»   'l 

:-Vv.-;,V-.: 
i%       • ■ •  , • ~;*  -rW -r* 

." •,- ,• v- ■.- 

if   Vl ^ Ml I ' —' 

"   V        . .  '.>   _  V 

• '■•/.■^•-> ■ ^. • ^ - . - . - . • 

i    ■ni Viii 

V.;.  .■•:. 
. ■. • v •. *. - 
V-V ;.■•".■-'..•- 
'.'• '.■• ■."■ .'•.■■ 

'&&& 

B" i   i  JM, 

•'. •'.. -'. •'■, •', 

.:V-V-.-. • 

."-'.'r'.-'-.'-'.' 
•■.■.•-•.■ 

,   •  .  -  k   •  •  " k.' 

S-.A v-'?      "■    -   '■* 

•■•'.■■.•■'/-/•. 

WM 
'.• ■,->'.-<

,.->V.' 

.•••.' . • . - 
'." "." '.' *.   ". 

r.'-'i"»*!"-'/-*. • 
?•'«.-••■ 

•.».•. •. 

■■--"■.•"'.-'".•'■ 

—,  L   ... 

•.•NSv.'l-- 



' - ■ » \h ■ ■ r • V 
iin      ii ■     in    I ■      m    ■! 

;•    • v •% "■". ■*",,  'V .•*,' 

*pT?(i.i Ti~.n* i . .„its    i, 

I:i4l^r! . ■   li-rLt*!'.. 

^ 4-i J,! ,.u.       ,1.; -! j.i-- 

Figure 38 Check Mate, Canton, f-plott. 
108 

SECRET 

i9....». 

• > .•*> -■■ .•• ;>, 

Ä-. -^ 

K 
•«•.". 

-,'" -u' -." i • -J 

! 

L".V- .-V 

Wm-UA-Ztvrf wyim.^.-f jßf& IWaWB > 'H.-.. .^''■  -y:." ■»■.■—■-*>    ■■ "r ^ |'.i« ■   i   i■■^;■ ■^■-■w .^~'.» .L-^-^—" 

.v >V-."•.•> •J« '-• ■-• ■•> -J 



,-'/- -; -■■»■».H.« I 

tO OCTOK* iMt 
■ mm ». ■ .     < -   nifii 

:■»»'. ™-.,r--.« v   J 

nmucocv «• 
i     • 

Figure 39 Check Mate, Tutuila, selected ionogramt. 

10» 

SECRET 

. •■. •'. ■'• •'■•'< • 

-,- ".-■.-•.- v . 
■.-"■■■"--"".%■•? 

.■-."••.■.--• - - 

.• -/ ..* «.* »_• -. 

• 

i   a M i ■»   i ■ 

• 

,• 

p^:.k'.*,«t<.;*'i 

■ «..■■^i t  w   • ■       Wi  t-^F ••_•.•.  ww*»" *■ ■WT-*-?--^' 



8 

5 t 
t 
a * 

t 
m 

I 

l-V 

• • 
ft 

%• 
w •> • 

I    I    I    1 J L 

110 

SECRET 

t 

-« 

i 

\ 

. 

J L 

o 

«5 

a 

a 

! 

I 
n 

I 
I 
I 

■y^1*. ■ I*F 

V      ^' H.^ S_"  ^"   -. 

•-'■   . "'■-'- !"'• »"■ 

• *. ~" -  "',•' ^ 
\\ '"■'.■"■"-'•.•'•.' 

'my - *..':■■ : > -■:., 

Ä. ,,.fv 
■- ."-."•.■• ■•*.■ 

im 
^■VI'I'I'II'I;.' 
j»  • 

•. -\ « . •, •'. • 

-<•>•••■■!'■■ 

• . \ > . 
.•■ .•■ .••«■■ .-^. 

."■"AV-,■•"."•*. 
••' "•'.■•" ■•".v 

: :.v>;..y; 
."■ k"- .'• •'■ «"• , 

.-:-•:-;•:••:■ 
• •   %   » •, ■. 

.. • .•.A'.-..- 

t'"'. JU 
.".---.■ .N 

«-• o -^ •-• -. -. 



« .-• 

•  '   -       V 

r»Tr- 

i 
j.j„'^_(-^ 

l'!- 

^       |; 

S5 
Ti 
l^ii-iT^f^'l ' • ■ ■  jjj : H-tl h 

i r 

•r ■ 

TME , GMT 

er i ^^^lid-i±i:i-t-i-^iit^y 

■ 3 

■f r-tjj'jyr r 
v 

7:=:   ii 
i r 

L.    . 

J Ifi 

A 

•- J 

4 

111 
"V ' «.;?■,   h «iff««!   *   1'   •   >   « P^     ^\    •        •   • ■   ■   i   » 

TMC.CMT 

mm »UtUH.» ISLMO . ti ocr iMi 

T^c.OUT 

r120CT  i-Mt 

Figure 41 Check Mate, Tutuila, f-plots. 
111 

SECRET 

m J*- 

^R-T—-i   '   fr^t^ 

."'•*''>' ' 

t ^A- 

9 JL 



« --W.--W ; 

-- 

1 i. •-■".- . 

- ■.   - -   • 

J..    -4 

I I      « t       <      « 

Figure 42 Check Mate, Blue GUI, King Fish. Tight Rope. 
Tonga, selected ionograms. 

t _*, 

112 

SECRET 
".* ■.• ■,• ■.- . 

"• ..■> .■• -■• -■' 

t^ _•_ 



."- ,^."'."-,.' 

; '/. - ; ^  ,   .'   W    w"   *"    ', 

I  I  I' ■ I i—r 

2 
8 

113 

SECRET 

I 
'i 
I 

I      "I 

.J J 1 

t 

i 
a 

I 
I 

o 

o 

jl' -i     T ■   -r.   Mm  1 

1 ••"••"■ • '-• ~^» ' -> ' 

:•., 
.•.•■ 

',•'■. ■■.' .•.•"• 

■',". 

•■.'•■. 
• ".-   ..• ' 

_•.~ 
. 

■ ■ 

.•"■■•'• 
"■ '■■''■'■'. 

'•■.'• ■■. .-.' 

>_ ..f 

•   .•   •* 

:• 
- ■ • •. 

■."    -" ' ■ 

■ .•'■.-■. ■ 

.* .•, ,<--•.-• 
•".•.■ '••"*••.*'•- 
"_.-;.•- .'•*•". 

• ,. ;  • 

.-■.»' 

•*.        •'     . 

• • 
-   • 

•.*'•■" 

. • .■■ 

r9 • 

••■.■-"; 

•.•.•- • . * • ■ • 

• • • • ■ • 

.', -■, 

• • 
.•".-" 

■"-.''-.■- 

~ • ^« I'"*.''".' • 
 <\- 

• .■• ."•." 



T 
WWW «oa 

• OCT. Ml 

Ett, i    . . ,       t i f i ' i i   ÜJ   ii hii 

«•-MIB      mPoetjmt MLiwnuw»   .... 
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Figure 69 King Fish. Midway, f-plots. 
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Figure 73 King Fish, Tutulla, selected ionogram«. 
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Figure 75 King Fish. Tutuila, f-plott. 
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Figure 77 Kinf FWb. Tonga, f-plot«. 
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Figure 85 Tight Rope, Tutuila, f-plots. 
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*»• ti « * «w» COMMT ocvtioMcint cam*«» 
tt u • »w» cot «ufu« r-wM» 
aus ««»T ««Ttum »o»w 
14 V * MOT  *!■ KtrCNSC POM» 
I» U t  •»"»  *VI«T|<M WWW 
u v * «•'"» cow»«» »o (>c«t*«i stafr nuuc 
|Y U t «W>* *I« otrcx« SCHOOL 
It u s am* coc MHO* •«(•«▼ 
I* U   t  MOT   COC   «»III.!»»   MTNCT 
M U t »•"» cnc  KFHTlT *M«c« 
nut MOT cec   cm *4iaCT 
H v » »«-T siwMt. sonn, 
n MST 'fnicAL nstMCM i«« 

t4- n doiHft* atifMC- » at« ua 
M «»(«MT» fI»C«l"«4t «t«t|M 
IT **OT MSCMCM orn« pil«M«t» 
.'• •IMTtWI« M*r«<t 
j» nuMONO ewMMict *wf IMOMT«*« 

1». II MUISTIC »f Sf4»C" kAMMTOOT 
if. j4 «tnstoM srK«Ti*!C WWMTIM ctan* 
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4« fttCTMNICS t0»'»%9 
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44- 4T U  S  4««»  COC  CO"**T  W*«ICt 
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»« u » 4IOT coc 4it x'tn^r ««irMCv 
«4 «MlttO   ST4tft  eC'»'l'»?»!T»t   4*OT I 
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MUS MV4L IMMtGC C0«T»0L   tir, C'tTt* UC 
«0  4|* Of «(LOMFNT   I0U4VI9« t V»-» 
•I U S «4V»l  41* DCVtLOMtllT CtOt»» 
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lit  4*t»4*rH 4   TfrHNQLOST  tt»  »Otl«"«  4»* 
114 44LLitl|C  SVSTCHS DIVIMM 
lit •«! !•!•»  4»"«»44 

114-11»  S*4Cf  STSIfMS DIVISION    SST9S 
115 •»CflC4L  410 COMM4I0 
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It«  410 »OOCf   iVt>[HS Ce"a'4NO 
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IK •4ac-044in.Mi»riss 4»* 
wt •4ri»ic 4i» »nocts 
114 MCOMO 4|o »o^cf 
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It.'-H»  4|« WIVf*SITT  LiM40T 

It4   4CMML   >»   4V|4»|0H  "CtiriK» 
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It« »irrtaiMic t»»»e"* »iv »t«t 
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