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GENERAL SHOT

INFORMATION

13¥03S

Shot 1 Shot 2 Shot 3 Shot 4 Shot S Shot 6

DATE 1 March 27 ™orch 7 April 26 April S Moy 14 Moy
(%?.Eli s:‘i‘:i?f ) Bravo Romeo Koon Union " Yankee Nectar
TIMe* 06:40 06:25 06:15 06:05 06:05 '06:15

s : Bikini , on Barge at Intersection
LOCATION 2':;:.‘.;?,:::,,3; Bikini, Shot | Bikini, Tare . of Arcs with 3odii of 6300’ from Eniwetok, IVY Mike
o on Reet Crater (Eninman) Dog (Yurochi) ond 3 Statute Miles Crater , Ficra (Elugelob)
from Fox ( Aomcen).
ATYPE . L.ond Barge Land Barge Borge Barge
HOLMES 8 NARVER] N 170,617.17 N170,635.05 N 100,154.50 N 161,698.83 N 161,424.43 N 147,750.00

COORDINATES -

€ 76,163.98

. E 75,950.46

E 109,799.00

€ 116,800.27

€ 116,688,15

E 67,790.00
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ABSTRACT

During Operation CASTIE, two ionosphere recorders were operated
in the Marshall Islands == at Site Eluwer, about 200 miles west of
Bikini Atoll, and at Rongerik Atoll, about 150 miles east of Bikini e=
in order to study the .effects of the detonations om ths ionosphsre.

. Normal data from existing stations at Maul and Adak and special dats

furnished by existing stations at Guam and Okinawa were examined for
effects at distances of 1,400 to 3,000 miles.

Severe absorption was observed 200 miles west of all multimegaton
shots, lasting several hours, presumably due to ionization caused by
radloactive material carried by high-level winds, Turbulence in the
E region after each major shot was indicated by the diffuse sporidic-E
returns at Rongarik., Also, for shots of megaton range, an effect on
the F2 laysr similar to that first found following Shot Mike of Op-
eration IVY was observed, its natwre varying from shot to shot, This
phenomenon is apparently far more complex than originally assumed,
but it is still attributed to the large-ascale convection resulting
Irom the conversion of blast-wave energy into heat in the upper atmos-
phere,

Ionospheric disturbances, apparently resulting from the three
largest explosions, were found up to 2,600 miles away, with indicated
velocities of about 8 to 16 km/min,

5-6
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FOREWORD

This report is one of the reports presenting the results of the
34 projects participating in the military effect tests program of
Operation CASTIE, which included six test detemations. For readers
interested in other pertinent test information, reference is made to
ITR=-93/, Summary of Yeapong Effscts Tests, military effect program,
This summary report includes the following information of possible
general interest: (1) An overall description of sach detonation,
including yield, height of burst, ground zero loccatiun, time of de-
tonation, ambient atmospheric conditions at detonaticn, etc., for the
aix shots; (2) Discussion of all project results; (3) A summary of
each project, including objectives and results; and (4) A complete
listing of all reports covering ths militery effect test prcgrame
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Chapter |

INTRODUCTION

1. OBJECTIVES
l.lel Rising F2 Layer

: The first objective of this experiment was to firmly establish
the cause~-snd-effect relationships for an ionospheric phencmenon first
observed following Shot Mike of Operation IVY, namely, the large in-
oroease in virtual height of the F2 layer and associated effectse.

lsle2 Distant Effects

Tha second objective was to obtein corrcoborative data on effects
at a great distance, first observed for Shot Mike of Operation IVY, in
order to determine the possibility of the use cf such effects as a

. means of long-range detection and to determine whether eny indication
of the magnitude of the yield could be cbtained at distant locations.

1.1.3 Upper Ionospheric Knowledge

It was also anticipated that detailed study of bouth the local
and the distant data would provide a better insight into the mecha-
nisms involved in F2-leyer phenomena, thus furthering the state of
Imowledge of the upper iomosphere.

Jdele4 Effects of Blast Wave on Lower Ionosvhere

This experiment also furnished the opportunity to continue to
investigate the effects of the blast wave on the lone-density distri-
bution in the E &nd F1 layers of the ionosphere and to study the ab-
sorptive effects occurring below the E region,

1.2 BACEGROUND

1.2.1 Rising F2 Layer

Following Shot Mike of Operation IVY, the F2 layer was observed
to rise to abnormal heights, and its ion density, measured by critlcal

SECRET
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frequency, was found to fall below normal values (see Reference 1),
Although, during previous operations, ionosphere recorders had been
operated following at least a dozen atomic explosions, occurring at
‘'various hours, seasons, and lccations and under warious ionospheric
conditions, none of the records obtained exhibited this phenomenon of
the rising F2 layere. Since the yield of Shot Mike was muck greater
than that of any previous test explosion, it was concluded that the
effect was a consequence of the magnitude of the shots It was recom=
mended that, inasmuch as Operation CASTIE would include shots of com-
parable magnitude, confirmation should be sought and that, by locating
two ionosphere recorders in different directions from the sowrce, a
better insight into the mechanism might be obtained.

- A possible explanation of the phenomenon was given, based on
the assumption that the blast-wave energy, arriving at ionospheric
heights as a shock wave, was absorbed there and converted into thermal
energy, thus raising the average temperature of a large regiom of the
upper atmosphere, causing expansion and rising of the heated volume,
If the charged particles were to move in the same direction as the
neutral air molscules, the F2 layer would rise with the rising air
mags, and the depressed critical frequency would be explained by the
decreased electron density resuliing from expansion, However, the
effect of the earth's magnetic fisld om charges moving across it casts
doubt on this simple explanation; so a more involved hypothesis was
necessary to account, in part, for the phenomenon. Recent publication
of new ionization drift theory has made possible a more-complete ex-
planation (see Section 4.2).

In order to test thes theory given for IVY Miks results, it was
at first proposed that two ianosphere recorders be so located that
propagation of the blast wave to the two operating sites would taks
place across and along the earth's magnetic fisld, respectively., How~
ever, it was not logistically practicable to obtain such locatioms.
Rongerik Atoll (about 150 miles east of the Bikini shots) and Eniwetok
Atcll (about 200 miles west of Bikini) were selected as the best availe
able locations from which to obtaln ilonospheric data that might result
-in a better understanding of the phenomenon,

le2,2 Effects at a Great Distance

Irregularities found in ionograms recorded at Guam, Maui, and
Okinawa were interpreted as dus to an indirect effect of Miks shot on
the F2 layer. From the times at which the irregularities were first
observed, it was hypothesized that an ionospheric disturbance, ini-
tiated by the blast, was propagated horizontally in ths F region at a
velocity of approximately 13 km/min (about two thirds of the speed of
sound near the earth's surface)s This velocity was shown to be with-
in the ranges repcrted by several observers for naturally caused dis-
turbances. However, this appears to have been the first time that a
traveling ionospheric disturbance emanating from a known source was
reported.

i8
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1.2.3 Absorption

A decrease in intensity of certain high-frequency signals, laste
- ing for about 1/2 hour, was attributed to abnormal abgorption in the

D region (about 50 to 80 km high) resulting from the heating effect of
the shock wave and the consequent increase of collision frequency.
This was observed following Shots Mike and King of IVY. It was con-
cluded that this absorption, though significant, would probably not
seriocusly hamper communicationse

le244 Other Effects

Initiation of effects in the E region, due to local changes in
ion density, was shown (in the TUMBLER-SNAPFER report) to coincide
with the srrival time of ths compress:.onzl wave (see Reference 2).
Both E-layer and Fl-layer effects of this nature were observed at
Bikini for Shot King, which took place at Eniwetcuk and which was re-
latively small compared with Mike and the majority of the CASTIE
shotse A&n increase in sporadic-E activity has almoct always been found
to follow atomic explosions. This appears to be another aspect of the
effects dus to local changes in ion density, as it seems to be in-
creased backscatter from a region that is "roughened® by turbulence.

19
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Chapter 2 :

EXPERIMENT DESIGN o

2.1 INSTRUYENTATION

The equipment consisted principally of automatic vertical-incid-
ence ionosphere recorders, Model £-2 and Model C-3, similar to each
other in performance. The location of each of these recorders and its
approximate distance from Bikini are indicated on a map (Fig. 2.1).

120 138% 130°¢ 't no° ns'w

30"

OKINAWA o

€ - ENIWETOK
8- BIKING
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Fige 2.1 - Map Showing Location of Stations and Approximate Distances
from Bikini,

2¢1¢1 In the Marshall Islands

4 Model C-~2 recorder was operated in a van located on Cite Elmer
(Eniwetck 4toll). A Model C=3 recorder was opersted in a van located
near the scuthwestern end of Eniwetak Island, Rongerilt dtoil.

2e¢1s2 At Distant Locations

Existing distant stations, whish are part of a world-wide eye-
tem, from which data were obtained for this repcrt were the National
Bureau of Standards stations on Guam and Maui and the Signal Corps

stations on Okinawa and Adsk. Each of these stations uses either a C-2
or a.C=3 recarder.
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2+.1e3 Description of Recordsrs

The vertical-incidence ionosphere recorder (C-2 or C-3) is a
device which measures and records virtual heights and critical fre-
quencles of the layers of the ionosphere, Transmitted pulses of
radio-frequency energy are reflected from the iocnosphers and received
by the equipment on their return, the travel time indicating the
height of the reflecting layer. The frequency is swept through the
range of 1 to 25 megacycles. The critical frequency of a layer is in-
dicated by the frequency above which the signal penetrates the layer,
thus producing no return, and is a measure of the maximum electrcn
density. The received signal is displayed as an intensity-modulatud
oscllloscope trace, showing layer height an a function of frequency.
The presentation is phoctograpbed automatically, A more detailed dis-
cussion of the method and of the interpretation of the photographs
may be found in Reference 3.

Relel Antennas

The antennas used with the ionosphere recorders in the Mershall
Islands were single-wire, vertical-delta typs ("balf-rhombics"),
50 £t high, with the slanting legs 78 £t long, the transmitting and
receiving antennas and the ground plane being in mutually perpendi-
cular planes. The antennas at existing stations are similar, but are
multi-wire to provide better impedance match throughout the range,
and are longer, the slanting legs being about 90 £t long. 41 are
designed to radiate and receive principally in the vertical direction
over the entire band of frequencles. However, at scme frequencies
the beam is wide, and at others there gre side lobes; hence, oblique
returns are received under certain iocnospheric conditionse

242 OFERATING PROCEDURR
2¢2¢1 In the Marshall Islands

Scheduled operation of the recorders at both Marshall Islands
stations began several days prior to the first shot. It continuved in
accordance with the planned program (which appears below) except that
fallout after the first shot curtailed operations at Rongerik, Aftere
wards, the recorder at Rongerik had to be started prior to each shot
and left to operate wmattended, at one sweep per minute, until the
film or the gasoline in the power wnit ran out. At botk stations, a
swoep time of 15 sec was used, the entire rangs of frequenciles fram
1 to 25 megacycles being covered in that time., In the program which
follows, "normal® indicates five sweeps an hour (on the hour, and at
15, 30, 45, and 59 minutes past). *D" and "H? rsspectively, represent
the day and hour of each shot, and minus (=) or plus (+) indicates
time before or after the shot, reapectively., (Additional data were
obtained in the courss of test and maintenance rums.)
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Time | Operation

D-6toD=2 Normal (from GS00 to 1300 hour)
D=2toH~ Smin - Normal (24 hours a day) -
He 5 min to E+4 30 min Cantinuous 15-gec sweeps
(except - 1 min to + 5 sec)
H+ 30min toH4+5 hr (or One sweep por min
longer, if it was indicated)
H+5toH+29 ar Noarmal
D+ 2 to D 4-6 (except after Normal (for period of day
last shot) correspending to H = 1

to H+ 5 hr of shot)

Filn wa3 developed an site and scaled by project perscunel in
the standard manner, Further analysis was made in the fleld and was
continued at Evans Signal Laboratory.

2,2,2 At Guam

Normel operaticn at Guam is five times an hour (as in Section
2.2,1 above,}, Additional special dats were taken as followss

After Shot 2 = 4 times a minute from 41 1/2 to +2 1/2 Lr
After Shot 4 - every 5 minutes from O to 4 8 hr

After Shot 5 = every 5 minutes from O te + 9 3/4 hr
After Shot 6 - every 5 minutes from O to 4 9 hr

24,203 At Okinawa

Nosmal operation at Okinawa 1s five times an hour (as in sectimm
2.2.1 avove), Additional special data were taken for each shot as
followss '

Time Operation :
= 5 min to at least + 5 min Continruous 15 sec sweeps
4+3hr to +41/2 hr Continuous 15 sec sweeps
+ 4 1/2 hr to at least 9 hr Every 5 min

‘24244 At Adsk

Normel operation at /dak 1s five times an hour (as in section
2201 above,.

2,205 At Maul

Normal operation at Maul is three times an hour {(on the hour
and at 3 and 30 minutes past).
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Chapter 3

DATA AND RESULTS

3.1 ABSORPTIVE EFFECIS

The attempt to achieve the first principal objective == verifica-
tion of the FRelayer rise and related effects following megaton-order
explosicns «= war partially frustrated by severe and protracted absorp-
tion, particularly at Site Elmer, causing complete attenstion of the
vertically transmiiied radio waves until 7 or 8 hours after detonation.
The absorption itself thus becomes an important phenomenon.

The difference between the absorptive effect at Rongerik Atoll and
at Site Elmer is apparent in Figu. 3.1 and 3.2, original’y prepared

Legend:
Minimum detectable frequency, day of Shot 4
“%—u%—x%-Lverage values For 11-day period pre-
5 — Max and min observed values ceding day of Shot 4
~ 7] Symbol ugeds
€ 4— B - Absorption (complete)
>
£ 5
g _
[ 2 —:b-—/—f
=2
E
£
Z )
=iH
‘ I ! 1 1 1 i i ] 1 1 i 1
06 (0]°] 10 12 4 - i3 18

Local time (hours)

Fig, 3.1 = Minimum Frequency Detected at Rongerik for Day of Shot 4,
Conmpared with Normal Values
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for the field report on Shot 4 alone, but used here since these curves
typify all shots of very large magnitude, In these figures, the min-
imum frequency reflected from the ionosphere and detected at each
station is plotted against local time, using a light line. The stand-
ard symbol "B" is used to denote times when complete absorption
apparently prevented any ionospheric return; occasionslly, for very
brief intervals during these pericds, an exiremely weak signal was
perceived, hence the symbols are located in the vicinity of ths fre=-
quency involved.

While it is true that there are other factors influencing the
ninimun frequency valus, it is principally a function of the degree of
absorption. This may be inferred from the normal-day average-value
curves of Figs. 3.1 and 3.2. The trend of these curves indicates that
the minimum detected frequency is greatest when the sun is highest and
the absorption @hich is dus to the icnizing radiation from the sun) is
also a maximum, :

linimum detectable frequency, day of Suob 4
86 88 Ditto - occasional values during periods of
otherwise complete absorption
— =— -~ Ditto - rate of change unknown
%—¥-—X Average values For 12-day period (6 days pre-
7] —=——— 1ax and min observed values} ceding and following Shot 4)

88 g e
8 8 88

Minimum frequency (mc)

06 08 10 12 14 16 18
Local time thuurs)

Fige 3.2 = liinimum Frequency Detected at Site Elmer for Day of Shot 4,
Compared with Normal Values
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The late absorptive effects of Shot 4 observed at Site Elmer
(Fige 3.2, 0715 to 1600 hours) were found also in the data taken
there following Shots 1, 2, and 5, but not 3, as shown in Table 3.1,
This table and the corresponding Table 3.2 for Rongerik were compiled
from a thorough examination of the scaled data. Although there wasj
of necessity, a certain amount of subjective interpretation (due to
definition of "normal" and to some erraticism of absorption), Tables
3d and 3.2 present a fairly accurate overall picture, There appears
to have been striking similarity, for all four very large shots, in the
ending time of complete absorption at Rongerik and of the renewed ab-
sorption at Elmer, as well as in the time of retwrn to normal minimum
frequencies at each location,.

TABIE 341 = Absorption at Site Elmer

Shot | Time Complete absorption| Fenewed absorption | Min Freqs.
(280°) [ Began Ended| Bogan Ended | Normal by
. 1l 0645 4+ 17 min + 79m | 4 lh52m * *
2 0630 Before shot No|separation | +6h46m | +12 h 30m
o 3 0620 n, 4 31m | (None) (None) |+ O h 32m-
4 0610 4+ 10 min + 48m | + 3h6m +6hibm | 4+ 9 h 50m
5 0£10 Bafore shot + 59m | + 1h36m + 8hém + 9 h 50m
6 0620 *xNot known No separation | 4+2h5m | **Not known

# Equipment falled at plus 3 h 45 m « absorption still present,
#* Photographic Fallure - direct visual observation only.

TABIE 3.2 - Absorption at Rongerik

Shot | Time Complete absorption Min, Fregs.
n (180°) | Began Ended Normal by
1 0645 *+43 min + 33 min + 42 min
2 0630 Before ghot | <+ 38 min 4+ 53 min
3 0620 u d 420 min + 25 min
- 4 0610 " " + 39 min + 45 nin
5 0610 %41 min +28 min + 53 min
6 0620 Station not operating

» Conditions before shot time were becoming poore
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One difficulty arose in interpreting the early absorptions
there was a weakness or complete lack of echo traces over the entire
frequency range during early morning hours even on days when mno shot
tock place. This has been attributed to a combination of low re-
ceiver-gain settings and antennas with poor low-frequency sensitivity,

Despite the above-mentioned difficulty, it seems possible to
state that, on shot days, there appear to have been three periods of
absorption which more or less overlapped. A separate cause may prob--
ably be attached to each. First, due largely to the equipment in-
adequacies discussed above, the normal pre-sunrise decrease caused
the signal intensily to fall below the threshold of detectability.
Since this coincided with shot time, it accounts for the beginning of
what was called complete Mabsorption" coming just before or after each
shot, Second, an effect connected with the overhsad arrival of the
shock wave in the lower iocnospheric layers was expected to start at
about plus 15 min at Rongerik and about plus 20 min at Elmer for shots.
at Bikini, This effect is the increased absorption of radlo signals
passing through the highly disturbed D region. From Tables 3.1 and
3.2, it appears that this effect lasted until about plus 35 min at
Rongerik and somewhat longer at Elmer (which is about 50 miles more
distant from Bikini). The third period of absorption, which seenms
to have occwrred only at Elmer, began about 1 1/2 to 3 hr after Shots
l, 4, and 5, and an indeterminate time after Shot 2, It lasted until
about plus 10 hr (plus 12 1/2 hr for Shot 2). A conjectural explans-
tion of this protracted effect is given in Section 4.l. The lengthy
absorption after Shot 6, detonated across the Eniwetok Lagoon from
Site Elmer, may be attributable to a similar cause.

3.2 SPORADIC-E EFFECTS

In common with results of previous ionospheric experiments
connected with nuclear tests, a tremendous amownt of sporadie-E
activity occurred following all shots, as evidenced by the data taken
at Rongerik. At Elmer, the data were very scanty dus to absorption
(see Section 3.1) and equipment inadequacy, but occasional glimpses
ofunuswal sporadic-E returns indicated that E-region conditioms
there were similar to those abuve Rongerik,

In order to obtain a quantitive comparison between post-shot and
normal spocadic-E conditions, the graph of Fige 3.3 was plotted., The
normal curve (deshed) depicts hourly median values of highest sporadic-E
frequency (fEs) at Rongerik for three weeks prior to Shot 1; it is
placed with reference to-the time axis so that zerc time for it corres-
ponds to the average zero time fc: Shots 1 and 2, Curves for Shots 1
through 5 (solid) comnect points each representing the average, over a
15-minute period centered thereon, of the highest sporadic-E frequency
found each minute (each five minutes, for Shot 3).
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TEs* HIGHEST FREQUENCY OOF SPORADIC-E REFLECTIONS(MC)
T

+i +2 +3 +3
TIME FROM ZERO (HR)

Fige 3.3 -~ Highest Frequency of Sporadic-E Reflections at Rongerik
following Shots 1 through 5, Compared with Normal Values.

From Fig. 3.3 it is seen that the highest sporadic-E frequencies

ere decidedly above normal when first observed mear plus 1/2 hr
‘(as absorption abated’i then came very near to normal value by plus

2 or 3 hre (The high value § denly attained near plus 4 hr for Shot

4 seems extraneously caused.= ,
The curve for Shot 3 is not as much above nor as long above

normal as the others, This should not be surprising in view of the
small relative yisld of Shot 3. The amount of da ta is insufficient
to be conclusive,

bV Shot 5 apparently occurred on a day when frequencies were above
normal even befors the shot.

21
SECRET



For purposes of comparison, an ionogram for a normal day is
given in Fig. 3.4, showing a typlcal sporadic-E trace from 2. to 4 me
at 115 kn (intermittent above 3.3 me).
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Fige 34 = Ionospheric Record for 0817 hours on a Normal Day, Showing
Typical Sporadic-E and Felayer Traces at Rongerik

To illustrate the wnusual nature of the sporadic-E echoes ob-
served at Rongerik following the shots, Figs. 3.5 through 3.8 are pre-
sented, each arranged to be read from top to bottm, starting at the
left, with the elapsed time from zero indicated in hours and minutes.
A brief deseription follows:

Shot 1 plus (see Figs. 3.5 and 3.6)

34 1/2 min - first visible echo of any kind after the shot;
Es at 110 km '

42 1/2 min - Es at two levels ~ 110 and 150 km

46 min - Bs (at two levels) goes above 8 mo

47 min - Es at several levels

52 min « further development of multiple Es

55 min - more scattering
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Fig. 3.5 - Ionospheric Records at Rongerik Following Shot 1 by 34 1/2
to 55 min, Showing Sporadic-E Development

59 min - & picture typical of this period showing a strong
lower boundary and considerable scatter above
1 hr 18 min - two principal levels of Es (also first in-
_ dications of F1 al 200 to 300 km, 3 to 4 me)
1 hr 27 nin - Es continues strorg but F1 is "seen™ through
: it
1 hr 45 min - Es continues wnusual, (F1 ordinary and extra-
ordinary are clear but "spread")
1 hr 59 min - Es less complicated but still unusual, (F1
returns show continued turbulence)
2 hr 14 min - BEs still present, (Fl appears to be stra+i-
fied - it later developed into F2). '
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Fige 3+6 = Ionospheric Records at Rongerik Following Shot 1 by 59 min
" to 2 hr 14 min, Showing Unusual Sporadic-E and Il Develop=
pont

Shot 2 plus (see Fige 3.7) : .

39 min - first faint indication of Es (at 110 km just above
4 mc), very weak due tuv absorption
' 52 min - "gpread" Es echoes, somewhal stronger but still
' weakened by absorptiom
1 hr 13 min « many levels of Es
1 hr 3, min - stronger, multipie lewvel Es, typical of half-
hour period centered here
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1 kr 54 min - Es trace remains unusually thick, (first
faint traces of Fl are near 4 mc)
2 hr 22 min - several levels of Es including one at higher
S frequencies (at 18C km) which may be an oblique re-
twrn; (Es continued unusual for 45 min more)
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Shot 5 plus (see Fig. 3.8)

40 min - absorption has abated énough 80 Es can be "seen"
5/ min « a strong lower boundary and scattered echoes above
1 hr 11 nin - increased scatter

1 hr 25 min - multi-level Es with one lewvel extending
1 hr 42 min - typical post-shot multi-level Es
2 hr

16 me

7 min - Es at one level extends up to 19 me
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Fige 3.8 = Ionospheric Records at Rongerik Followingz Shot 5 by 40 min
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343 EFFECTS ON THE F2 LAYER

- 48 discussed in Sectiom 3.1, absorption at lower levels pre-
cluded observation of the F2 layer, both at Site¢ Elmer and at Rongerik
Atoll, for some time sfter each shot, The greatly prolanged absorption
at Elmdr rondered that station useless in studying the F2~layer effects.
However, sufficient data were obtaired at Rongerik to substantiate the
rising F2-layer phenomsnon first observed after Shot Mike of Operation
IVY. Since the ionosphere above Rongerik exhibited differences follow-
ing the various shots, the results of each detonation are examined here
separately, excent that Shots 1 and 2, walch produced similar effects,
are discussed together, ' : ,

3¢3.1 Shots 1 and 2

The similarity between the F2-layer effects of Shot 1, Shot 2,
and Shot Mike is evident in both the virtual height and critical frew
quency curves of Fig, 3.9, wherein these two characteristics are
plotted against elapsed time messured from zero hour. (For comparative
purposes such a presentution is more useful than curves plotted against
time of day; it is also justifisble because each of the three shots
involved was detonated shortly after ionospheric sunrise and so condi-
tions in the F2 region were similar,) In each cass, the virtual height
~ of the layer rose to wall above normal and returned to normal at a
similar rate and after a nearly equal time interval, Likewise, the
critical frequency was depressed below normal by about the same ampunt
after each shot. Thus, the F2 region above the Rangerik station,

243 km east of CASTIE Shots 1 and 2, seems to have umdergone perturb-
ations physically similar to those which had been observed at Bikini,
360 km east of Shot Mike, Operation IVY.

As indicated in Fig. 3.9, nc returns from the F2 layer appeared
in the Rongerik iomograms until about 2 1/2 hours after Shots 1 and 2,
Complete absence of returns near shot time has been attributed to
oequipment inadequacies and to increased atsorption aassociated with
arrival of the shock wave in the lower iomosphere (see Ssction 3.1).
Starting at about plus 3/4 hour, the absarption effect abated and
sporadic-E and Fl traces took form (se. Section 3.2). Neither absorp-
tion nor blankesting by sporadic-B, then, is the cause of the failure
of any echo to return from the F2 layer at Ramgerik between plus 3/4
hour and plus 2 1/2 hours. In order to investigate possibls explana=
tions for this iack of F2 returns, let us now comsider the manner in
which the F2 layer began to appear in the lonograms.

33
SECRET




VIRTUAL HEIGHT (KM)

CRITICAL
FREQUENCY (MC)

CRITICAL
FREQUENCY (MC)

T r I l |
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ELAPSED TIME AFTER DETONATION (HRS)

Fige 349 = F2-layer Virtual Height ard Critical Frequency at Rongerik
Following Shots 1 and 2 and at Bikini Following Mike Shot
(Operation IVY), Compared with Normal Values
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The first indications of returns from above the Fl layer (see
top two fonograms of Fige. 3.10) were weak echoes appsaring in scat-
tered areas above 850 km between 4 and 5 1/2 mo. These early returns
did not have regular shapes which iould yleld minimum virtial height
and critical frequency data, nor did they show ccnsistency from cne
record to the next, The F2 echces continued to be lrregular and
sparadic for about 45 minutes, soon beginning to appear over a great-
er range of haights. There was a prevalence of returns in the region
of 600 to 700 km, as well as in the criginal 850 to 1C00 km regiom,
typified by the lowor two ionograms of Fig. 3.10. (Ths rigat-hand
example also includes one of the less-frequent returas at heights
belwesn thase two regioms, possibly oblique or the extraordinary ray,
but not significant alcnss. The irregular echoss took shape grade .
ually and became adequate for scaling by 3 1/4 hours after both shots,
with two ghort periods scalable somewhat socner in the case of Shot 2
(see Pig. 349). :

The study resulting in the above goneralized description cf the
F2-layer reappearance led to the hypothesis that there were maxima of
ion density at two levels, both extraordinarily high, with the ion
density of the higher stratum greater than that of the lower, Under
some circumstances, such a condition would yield an F2 trace having
the appearance of two distiumct laysrs. This did aclually ocour fre=
quently between about 3 1/2 and 4 hours after Shots 1 and 2. (Ses
Fige 3,11, particularly the lower right ionogram which shows this
stratification within tke F2-layer most clearly).

" An accurate calculation of the electron density distributiom
implied by the shape of the curve in such ionograms iz impossible, but
a rough approx‘mation of the situation that may have existed will be
halpfule In F'ge 3.12 a possible distribution, based on Shot 2 at
plus 3 hours 49 minutea, is compared with a purely conjectural ncrmal
distribution which might have been present had the disruption not
ta'isn Slace. Discussion of the icn movemsnt which may have caused such
a distribution appears in Sectiom 4.2,

Although FRelayer stratification appeared in mary ionograms be-
tween plus 3 1/2 and 4 hours, the two strata hypothesized above were
not simultaneously present in earlier records (as the F2 layer was
first reappearing). The upper stratum was often missing, probably
dus to horlzontal inhomogeneity and general irregularity of ite ion
distributicn. Such deviaticns from the normal layer-liks structure
may havs been respomsible also for the frequent lack of returns
from the lower stratume. It is more likely, however, thut absence
of the lower utratum can be stiributed to trunsitcry meduction of
ien deniity to values near or below ths Fl-layer maximun, Furthere
more, this latter hypothesis can be extendsd to explain the compiste
absence of F2-layer returns beiween plus 3/4 howr and plus 2 1/2
hours by the assumption that the ion distributicn had been such that
the F2-layer critical frequency was less than that of the Fi-layer,
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This is known as a "G ccnditicn".a/ -

It should be noted that the G condition adduced here does not
indicate any major difference between the effects of IVY Mike and
CASTIE 1 and 2. It may be seen from Fig. 3.9 that, during Operatim
IVY, normal values of F2 critical frequency were much greater than
during the first nonth of Operation CASTIE. The Fl critical fre-
quencies, however, were of the same order for these two periods.
Consequently, while observation of the F2 layer may have been
impossible following CASTIE 1 and 2 because of a G conditimm, a
comparable depression of the F2elayer critical frequency resultirg
from IVY Mike would not have been sufficient to cause such condition.

Pigs. 3.13 and 3.14 give, for Shots 1 and 2 respectively, '
pequences of ionograms showing tse descending virtual haight of the
F2 layer as it returned to normal. There are indications of oblique
returns, particularly in the last picture of Fig, 3.l4, evidencing
effective layer tilt,

3e3e2 Shot 3

‘ No effect on the height or critical frequency of the F2 layer
was observed after Shot 3, This is consistent with the inference
drawn from Operation IVY that the minimm energy ielease required

to produwce the rising-F2 phenomenon is apparently greater than 1/2
megaton (see Section 5.2 of Reference 1),

34343 Shot 4

The effect on the F2 layer above Rongerik following Shot 4
vas less pronounced than that observed fallowing Shots 1 and 2, The
F2 layer was observable almost continuously after the absorption
that has been attributed to the effect of the shock wave on the D
region had abated. Scaled values of virtual height and critical frew
quency are shown in Fig. 3.15. A4lso plotted for comparison ave
maximum, minimum, and median values of data taken over a period of

elsven s prior to the shot, It may be seen that, following tho
shot, virtual heights were consistently greater than the height

&/ A "G Condition® is an imospheric alnormality, observed occasicm-
ally in gll parts of the woarld, usually asasociated with a magnetic
etarm. Ths condition is simply that the maxfimum density of the F2
layer (as measured by its vertical-incidencs critical frequency)

is equal to or less than that of ths underlying Fl, When an analyst
finds an ionogram in which the Fl layer appears and the F2 layer
does not, hs suspects a G condition. However, positive identification
is made anly after studying records taken immediately preceding or
following the suspected condition. If these records show an F2

critical frequency just greater than the Fl critical frequency, a trend

is establishsd and it is a safe assumption that a G condition existed,
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maxima of the comparison period and critical frequencias were cone
slstently legs than the frequenoy minima, However, the extreme rise
in virtual height which occurred after Shots 1 and 2 and Shot Mike
(Operation IVY) was not observed at Ronmgerik following Shot 4.

If there was a region of marked upward displacement of the F2
layer resulting from Shot 4, as seems likely, then it occurred adove
another geographical locaticn. Ths most pronounced evidence of
abnormal conditions occurred in the ionograms recarded during the pere
iod from plus 40 min, when the F2 layor emerged from absorptive
obscuration, to about plus 1 1/2 hr, The weak and irregular echoes
from plus 40 to plus 55 min are shown in Fig. 3.16, 4 series of

ionograms from plus 57 to plus 70 m.in ahowa an F2 return apparently -
rising to 500 km (Fige 3.17). :
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40 to 55 min, Showing Weak and Irregular F2 Echoes
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VAT

Clear evidence of obliquity appears in Fig, 3.18, particularly in the
first two ionogiams (at plus 73 and 79 min), followed bty indicatioms
of a return to normal (at plus 90 and 95 min), A4s illustrated by
these oxamples, the F2 returns were very irregular. Interpretation
in terms of a critical frequencr and a minimum virtual heizht for the
F2 layer was difficult or impowsible. Furthsrmore, throughdéut much
of this period, the lack of consistency from ocne minute to the mext
indicated rapid changes in ion distribution, presumably resulting
from motion of the air molecules,

Despite the irregularities, an attempt was made to analyze the
data recorded during this period. Ranges of height and frequency
values for the various groups of echoes in the F2 regim were plotted
on work sheets, When these were examined, a tendency for the minimm
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Fige 3417 = Yonospheric Records at Rongerik Following Shot 4 by 57 to
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height to rise was noted in several sequential groups. Condequently,
a plot was made with the minlimum height of each group represented by a
cross (Fig. 3.19). A possible explanation for the increasing heights
was immediately seen. The hypothesis is that the rising sequences
of points resulted from regions of relatively intense ionization mov-
ing horizontally in some direction away from the operating site as
part of a radial motion originating above the explosion, (The anten~
' nas, though designsd for vertical radiation and reception, are not
restricted 40 thie direction, and oblique retwrns are often encoumt-.
ered when horizontal inhomogeneities are present in the lonosphere,
The ®"height® at which such echoes appsar is greater by virtue of the
greate;r path length and 1s, hence, called ®apparent height® in Fig. -
3.19. .
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Fige 3419 ~ Apparent Minimum Height of Groupa«v of Echoes at Rongerik
from 40 to 95 min after Shot 4, with Fitted Hypsrboliec

Cuarves

Assuming that the point of reflection moved horizontally at a
height h with a velocity v, passing overhead at time ty, the slant
range R at time t may be fouad from the right-triangular relationship

R2 = b2 +v2(t = t0)2, : (3.1)

By selecting three well-distributed points which represent the -trend
of the sequence betwesn plus 40 and 70 min, it is possible to estabe
lish values of h, v, and to which yield the first hyperbolic curve
shom in Fig. 3.19. Equation 3.1 may be solved for h, v, and to in
terms of the three selected points (Ry, t1; R, t2; R3, t3) to give

N\
to m 1/2 [ R12(t22-49) + R (62 £2) 4 R2(t32-1p2)
Lnl (t = t3) + R2(t5 « ) + R2(t) =ty)

vs R - B2 /2 > (3.2)
(t2 = t3) (b2 + 8 =~ 2t) |

h= [m2-7 @ - to)z_.l 1/2

&b
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For solected times + 40, + 59, and + 71 min, with corresponding ranges
(apparent heights) of 285, 360, and 510 km, respsctively, the result--

ing values are
to ® + 44 3/4 min
" v 2 16,4 km/min :
h = 274 kn A (3.3)

After plotting the resultant cwrve (from plus 40 to plus 71 min
in Fige 3.19), it appeared that a similar height variation occurred
about 15 min later, It was found, in fact, that duplicating the first
curve in a position translated just 15 min to the right (later) pro-
duced an excellent approximation to the crosses. A further transla-
tion of 15 min again rssulted in a good fit, but over & smaller regiom,
as is evident in the Figure., The line approximating the points after
plus 85 mJa was fitted merely by eye, and is a duplication of the
corresponding portion of Fige 3.15 on a different scale. The group
of points below 260 km developed into the FI1 layer.,

As may be seen from Fig. 3.19, the first curve, which was ob=
- tained using the values of Equation 3.3, agrees well with the trend
of the crosses. From this it appears likely that, as hypothesized,
thero was & horizontal movement of ionization at a height of about
275 km, traveling at about 16 km/min, ard passing overhead at Rongerik
about 45 min after Shot 4 was detonated. (The second and third curves,
following “he first by 15 and 30 min, seem to indicate some sort of
periodic motion,) The analysis is, of course, subject ‘o inaccuracies
of several types, including these: the actual slant range may have
been less than indicated because of retardation of vhe radic wave,
the motion may not have been horizontal or of caonstant velocity, and,
furthermore, there is no positive assurance that the sequesnce of
echoes represented a conmtinuous motion,

After an F2-layer irace that appeared neerly normal (lest ionoe
gram of Fige. 3.18) and after a brisf interval c<f normal F2-layer
paramsters (see Fige 3.15 at about plus 1 1/2 hr), a period of over
2 hours ensuad during which the F2-layer height was abnormally great
and its critical frequency was sbnormally low, Representative iono-
grems from that period are shomn in fig. 2.20,

3e344 Shot 5

The effect on the F2-layer avove Rongerik took still a differ-
ent form after Shot 5. Near shot time and up to sbout 1/2 hr there-
after, as was the case for the other detonations, there were no re-
turns from the F region, Then, sporadic E, which was unusually strong
on this day, began to be observed; it "blanketed® any possitle echoes
from above for at least 1/2 hr (for example, see iocnogram at + 54 min
in Pig. 3.8). Returns from the Fl leyer, (alteit thsy were extremely

"spread!" or scattered), were "seen®" through the sporadic E starting
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Fig. 3.0 = Iomosrheric Records at Rangerik Following Shot 4 by 1 3/4
to 3 1{2 hr (F2 Higher with Critical Frequency Less than
Normal

about 1 hr 10 min after the shot. When the shape of the F1 trace could
be discerned (as in ths last ionogram of Fig. 3.8), the values of
virtual height and critical frequency appeared to be more or less
narmale

The F2 layer, bhowever, was mostly absent. On its few avreui=
ances, its critical frequency was but a few tenths of a megacycle
greater than that of the F1 layer and its form —.a characteristic of
a near "G condition." (See the footnote to Sectian 3.3.1.) Up to
nlus 2 br 22 min, there were on’ three definite appearances of the F2
layer. Two of these are shown u. Fige 3.21 (at-+1 hr 23 min and 1 hr
53 min). Also shown in Fig. 3.21 are a more typical ionogram (+2 hr
5 min) and ane ( 2 hr 36 min) representative of the last 15 min of
records, when 8 of 15 ionograms showed a segment of an F2 trace.
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(The F2 echo alluded to may be found between 400 and 500 km and be-
tween 3 and 4 mc for the two earlier pictures and just above 4 mec for
the later one. In the earlier pictures, the two "smudges" are the
magneto=ionically split ordinary and extraordinary F2 traces, in the
later one, only the ordinary return i1s clearly delineated.)

The occasional appearance of the F2 layer in a mear G conditian
renders it a safe assumption that a G condition existed when the F2 :
layer did not appear. Thus, the data show that the maximm ion density .
of the F2 layer above Rongerik following Shot 5 was again abnormally :
low, as it was after Shots 1, 2, and 4. The virtual neight at which
the F2 layer occasionally appeared was of the order of 350 to 600 km,
This range is definitely higher than normal, but must be aciepted with
some reservetions, as, under these conditions, the trus height may be
appreciably less than the virtual height (scalsd from the ionograms)
due to the gevere retardation that a sizal with a frequency near the -
Fl critical frequency suffers in :acsing through the F1 layer. Owr
knowledge, ther, of the distribution of ionization in the F2 region
following Shot 5 is guile limited. A further limitaticn is due to the
curtailment, perforce, of data after plus 2 hr 37 min, '

3.3+5 Shot 6

Unfortunately, there are no recorded observations of the iono-
sphere following Shot 6., The station at Rongerik was dismantled prier
to the shot for administrative reasons. At Site Elmer, although
visusl observations of the oscilloscope were made, the photographic
apparatus failed to record.

From the notes made during visual observations at Elmer, it
seems that absorption effects prevented F2-layer returns from appear-
ing wmtil plus 2 hr 5 min. Sporadic E appeared tksn and may nave
blanketed returns trom higher levels until plus 2 hr 3% min, at which
time faint F2 returns appeared above 350 km between 5 and 6 mc, 4
clearer, more layer-like echo soon appeared, and its virtual height
dropped from 350 lan to 300 km between plus 2 hr 47 min and 3 hr 7 min,
remaining near there wntil plus 3 hr 33 min, and dropping to 285 km
at plus 4 br. During that period, the critical frequency increased
from about 5.7 mc at first to about 6.7 mc at 3 hr 7 min, 7.2 mc at
3 br 33 min, and 7.5 to 8 mc at plus 4 hr,

The scanty visual cata indicate the possibillity that Shot 6 had
an effect on the F2 layer above Elmer. 7Ths virtusl beight, at +2 hr
47 min, was slightly higher than normal, and the 50 km decrease in the
ensuing 20 min was contrary to the normal tendency to increase (by
about 50 km per hr) at that time of day; the value of 28 km (at+4 bhr)
was about 90 km below normal height. In addition, tbe 1 mc increase
af ecritical frequsncy in 20 min was much more rapid than the normal
rate of 0.4 mc psr hr betweea 0900 and 1000 hr; also, critical fre=
quencies above 6.7 mo, as indicated between + 3 avd 4 hr, were greater
than any cccwrring at that time of day during the preceding ten days.
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3k DISTANT EFFECTS

- T% was expected that, following the lerge CASTIE explosiocns,
effects at dlstant locations would be found in the F region, similar
in pature to those attributed to a disturbance emanating from IVY
Mike, starting at a time corresponding to a velocity of about 13km/min,
The presence of such a disturbance might be manifested in the iono-
grams in various ways, principally by the appearance of some sort cf
oblique echo, that i1s, a signal which leaves the recorder anu returns
to it over a path obliqus to the earth (instead of vertically), in-
dicating that a portion of the reflecting layer is effectively tilted
and not concentric with ths earth's surface, Instead of a direct
oblique echo, however, cne is more likely to find a return which has
traversed two or more hups with intermediate reflections from the
earth!s surface or from sporadic-E ionization. Breaking up of the
reflecting layer into several strata might also be seen, possibly ine
dicating a horizontal movement of lons accompunying the moving dise-
turbance. Since all of these irregularities occur naturally from time
to time, toe likelihood of their resulting from a shot-causéd dise
tuwrbance must be judged by their magnitude, duration, and particulsrly
by their temporal consistency. It is also advisable to note the fre-
quency of natural irregularities for .the seeson end the time of day
involved. ’ ’

10401 At Guan

Careful study of the Guam ionosphere records for the period
following each shot by 2 to 10 hours raveals that, although the
poesibility of a disturbance in the F region was indicated several
hours after each of the five largest shoutc, mark:i and contiruing -
irregularities were present only after th- three largest shols, and
these were fairly consistent in time of app::rance relative to shot
time, After each of Shots 1 and 2, there se. »d to ta a period of
relatively mincr effects,2/starting shortly af. » the expected tins
of arrival (ETA) based on a velocity of 13 km/m:. then an interval
when the F2 layer appeared quite pormal, and finaliy a period of wme
usual disturbance. After Shot 5 there were clearly two distinct
periods of wusual disturbance., Re-examination of Shot Mike ionograms
revealed that two pveriods of marked effects had occrred then also,
Table 3.3 gives a survey of these overall results,

3/ Although these effects were ratuer wesk, their appearance at this
time and for several consecutive recards seems to be significant when
compared with this result of examining the records for 29 normal days
in April;: &4x instances <f oblique echoes found between 0600 and 0800
hours, nane of which extended into two comsecutive ionograms,
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TAHKIE 3.3 - Effects at Guam

‘ Indicated
ETA at : Velocity
Shot |13 km/min | First Period Second Period (km/min)
1  H2h 52m H3h 15m to 4h 15m {+4h 45m to 8h *%11,5 or 7.8

2 H2h 52m {+3h 15m to 3h 50m [+4h 50m to 6h 31lm |#**11.5 or 7.7
5 2h 52m H3h 30m to 4h 4AOm |+5h 50m to 6h 35w 10.6
Mike H-2h 24m - H2h 24m to 4h 5m |+4h 45m to 6h 15m 13,0

#% Doubtful due to questionable first psriod effects.

Jonograms showing some of the details for Shot 1 ar presented
in Figse 3422 and 3423, with the elspsed time from zero indicated in
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Figs 3,22 - Ionospheric Records at Guen Fellowing Shot 1 by 3 hr 35 min
to 5 br 45 min, Showing Early Possible Effects and Later
Probable Effects
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hours and minutes. A ﬁi‘ief description followss

4 3h 35m -~ possible 2-hop oblique echoes from 5.5 to 6.5 me
(an ionogram 20 min earlier exhibited thickening
of trace in this regiom)

+4h 15m -« various unexplained traces near 4.5 me; also
. peculiarities in both l-hop and 2-hop traces
near 6 me

+4h 45m - start of second period (much more definite effects) 3
obliqus l-hop echo 4.5 to 5 mec; 2~hop trace at
less than twice height of l-hop trace near 7 me

+ 5h ~ obvious 2-hop obliques; also an oblique M-type echo
betwezen 1~ and 2-hop traces (via F2, sporadic B,
then F2)

<+ 5h 15m - similar to +5h
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© Fige 3423 = Ionospheric Reci™ds at Guam Following Shot 1 by 6 hr 15 min
{0 1C hr 15 min, Show =7 End of Effects and ‘batum to
Normal
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+ 5h 45m = l-hop retwrn broken (as if obliqus) between 5 and
6me

+6h 15m - many l-hop obliques; also 2-hop oblique going above
- ‘ range of oscilloscope (1000 an

+6h 35m = 2-hop trace at émc at 900 km but no l-hop at 450 km
4+7h 15m - otliques clear in l-hop region; weak 2-hop obliques
4+ 8h ~ last ionogram with marked peculiarities in F2 region

+8h 45m - F2 getting normal, Fl contains peculiarities
4 10h 15n -~ definitely normal again

~0 illustrate how unusual are the ionograms in the vicinity of
Shot 1+ 5 hr 15 min, a series of recora. taken at the same time of
day (1000 hrs) during the week following Shot 1 is shown in Fig. 3

; @i | Graens :m&m«&ammm
e I T B e

T A S W2, T R iR . m--:u-aanumnm
] 2 3 4 6 8 10 14 MC 2 3 6 8 0 . MC

Pig. 3¢24 « Ictnospheric Records ai Guam at 1000 hours of Normsl Days .
- Following Shot 1 .
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(There is nothing special about this particular hour - any other
morning hour would have showm a similar lack of irregularities,)

Selected ionograms following Shot 2, presented in Fig. 3.25,
show the following:

+ 3h 30m - possible 2-hop oblique near 4me (15 min earlier the
3-hop trace appeared doublcd)

+ 3h 50m - definite obliques in ..-hOp trace near critical fre-
quency A

+ 4h 50m - absence of 2-hop F2 trace from 1..8 to émc indicates

probable horizontal irregularities; also ncte
marked stratification

4+ 5h 30m= several stratain F2 layer; 2-hop mostly abxent due
to irregularities in layer
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Fige 3425 ~ Ionospheric Records at Guam Following Shot 2, Showing
Early Possible Effects and Later Probabls Effects
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4 5h 50m - confused record but obliques are clearly present

4+ 6h 31m « last greatly-disturbed record; oblique 2~hop re-
turn evident; (marked stratification continued
far another hour).

Selected ionograms following Shot 5 show ths following:

+ 2h 30m to + 3h 20m (Fig. 3.26) = first four pictures contain
oblique traces believed dus ,to swnrise effects

(0640 hours to 0710 hours)4/; lsst two are quite
normal

Fige 3426 - Ionospheric Records at Guam Following Shot 5, Showing
Probable Sunriase Effect

A/ This presmumption is based upon examination of ionograms for nine
non-ghot days between 4 May and 13 May; obliqus echoes lasting 1/2
br or more were found at this time of day for thres out of nine days.
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\ 4 3h 30m to +4h 40m (Fig. 3.27) - definite oblique echoes

D throughout

| Fig. 3.27 = Ionospheric Records at Guam Following Shot 5, Showing
First Period of Effects

4+ 5h to +6h 40m (Fige 3.28) « first two pictuwres (at + 5h
and + 5h 30m) show quite normal F2 layer with increasing
virtual baight dus to formation of Fl layer (barely
. vlisible because of sporadic B); next three pictures show
oblique returns; last victure is normal except for wne

usual stratification,
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Fig. 3.28 « Jonogspheric Records at Guam Following Shot 5, Showing
Interval of Normalcy and Second Period of Effects

30402 A%t Okinawa

The Okinawa records reveal occasional evidence of what could
have been shot-caused effects, but none were wery pronownced, Possible
effects were found for Shot 1 at +6 ur 30 min and Shot 2 at + 6 hr
1, min (indicated velocities of 10,9 and 11.4 km/min, respectivsly),
but the presence of frequent irregularities on other (nan-shot) days
ccsts a great deal of doubt on their origin,
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Fige 3:29 = Ionospheric Records a% Okinswa Following Shot 5, Showing
Possible Effects

In Fige 3.29 is shown a sequence comstituting un interesting
- pheanomenon that may have been an effect of Shot 5, If it wer~. its

occurrence at about «+7 hr 9 min indicates a velocity of 9,9 ~-‘xin,
It consisted of a sudden appearance of a rezion of higher imm density,
apparently moving in horizontally (its maximum frequency is ssen, in
the third ionogram of Fige 3429, to be about 5.5 mc for the ordinary
wave and 6.0 mc for the extraordinary); this was followed by tho
smoothing out of the cusp between the F1 ard F2 layers at 4.3 mo
(ordinary), this cusp being replaced by what had bsen the FR-laysr
ordinary critical frequency which dropped from 5.3 mc to 4.5 me whils

the new, higher demnsity region becams the r¢ 4on of maxienm icn density
of the F2 layer.
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As at Guam, marked and continuing F2-layer irregularities were

found in the records taken at Maui following the three largest shots

by a fairly consistent time interval of 6 to 9 hr, From their nature,
duration, and consistency, coupled with the lovzfrequency of protract-
ed natural occurrence of similar disturbances, </ there 'seems to be
1little doubt that these were shot-caused effects. The velocity of
travel is wncertain since the time of onset of the disturbance is not
woell determined. Prior to the period of marked perturbation follow-
ing each of Shots 1, 2, and 5, there were indications of the possible
arrival of the disturbance about 5 hr after the shot., This doubtful
arrival is indicated in Table 3.4 as "First Period (doubtful)", Also
included in Table 3./ are data for Shot Mike effects, found upon re-
examination to consist of two possible periods seperated by an wn-
disturbed interval,

TABLE 3.4 - Effects at Maui

Indicated
ETA at First Period Second Period Velocity=
shot | 13 km/min| (doubtful) (definite) (km/min)
1l 4+5h 22m  |+4+4h 45m to 5h 18m {46h 15m to 8h 15m | 15.5 or 11,6
2 +5h 22m  |45h 30m to 5h 33m |+7h to Th 33m 13.3 or 10,3
5 +5h 22m  |45h 20m to 5h 50m |47h 20m to 8h 52m | 13,7 or 9.9
Mike | +5h 47Tm |+44h 45m to 4h 48m |4+5h 45m to éh 15m | 16,7 or 13,7

#Dus to infrequent records, effects may have started up to 1/2 hr

earlier.,

than f£irst observed time,

Velocity is thus based on arrival about 15 min earlier

5/ Only on 7 other days, out of 56 examined, were there obliqus re=
flections lasting for at least an hour during the 6-hour period
centered on 1500 hours (the approximate time of the suspected effects).
Incidentally, there was a diminishing frequency of occurrence with
advance of sezson « six of the seven being in February and the other
one being in the period 15 April to 15 May.
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) Ionograms from Maul following Shot 1 are presented in Figs. 3.30
‘ and 3,31, with the elapsed time from zero indicated in hours and '
- ) minutes, A brief description follows:

- +4h 15m - normal picture
T " +4h 45m « possible 2= and 3-hop F2 oblique echoes
Py : : +5h 18m - 2=hop oblique near high~frequency end of F2 trace
' 4+ 5h 45m « normal :
+6h 15m - definite cblique 3-hop return; also probable 2=hop
oblique
4+ 6h 18m - definite 2-hop oblique returns
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Fige 330 = Ionospheric Records at Maul Following Shot 1, Showing
Early Possible Effects and Start of Definite Effects
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+ 6h 44m
4+ 7h 15m

definite 2- and 3-hop obliques
very pronounced 2=hop obliques

4+ 7h 18m - very pronounced 2- and 3-hop obliques
4+ 7h 45m - very pronounced 2- and 3-hop oblliques continuwe
+8h 15m ~ effect tapering off, but 2- and 3-hop obliques
still present
+8h 18m - normal except for M- and N-type echoes (combina-
tions of Es and F-laycr reflasctions).
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Fig. 3.31 - Ionospheric Records at Maui Following Shot 1, Showing
Definite Effects
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Selected records following Shot 2 at Maui are given Fig. 3.32.

These ionograms shows

+ 5h - normal conditions

+ 5h 30m - otlique l- and 2-hop echoes near low-frﬁqusncy
end of F2 trace; 3-hop echo between 6 and 7 me

4 6h 33m = normal record again

+7h - strong oblique echoes at 1-, 2-, and 3-hop F2 levels
4+ 7h 33m - 2= and 3-hop obliques still present
4 8h - noruwal record again
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Fige 3432 = Ionospheric Iecords at Maui Following Shot 2, Showing
Possible and Definite Effects
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sented in Fiz. 3633,

T ' + 5 h 20m - showing doubtful first-period arrival by

indicetion of 2-hop oblique near F2-layer

. critical frequency
-'-.:/" : +6 h 52m - normal

The foilowing selected records at Maui after Shot 5 are pre-

“ 4+ 7 h 20m = 2-hcp oblique echo clearly visible over a wide

o range of frequencies
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+ 7h 50m - three 2-hop echoes are seen between 6 and 7me
+ 8h 20m = clear 2- and 3-hop obliques continue

+ 8h 52m - obliques may still be seen, although effect 1s
probably near end; sporadic E blankets the F2
layer shortly after this time

3 0404 At Ad&"(

In order that no possible data sources be. overlooked, ionospher-
ic recards taken at Adak during Operation CASTIE were examined for
possible shot effects. It was found, however, that icnospherie
Irregulaiities of the type interpreted elsewhere as shot effects oceur
very often at Adak under normal conditions. Thus, it is impossible to
definitely identify any shot effect which might have been present. -

However, there were definite oblique echoes present after Shot 1, 2, 4,

and 5, at times which indicate that they could have resulted from a -
disturbance propagated at a velocity of the order found at other
locations, If these effects were shot-caused, the indicated velocities
weres Shot 1 - 12,1 or 9,0 km/min, Shot 2 = 11.6 or 9.2, Shot 4 -
10.3, and Shot 5 = 9,7« '
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Chapter 4

DISCUSSION

29 § ABSORPTIVE EFFECTS

A tentative explanation of the protracted absorption observ-
ed at Site Elmer has been evolved, It 1s based on the fact that ths
atomic cloud containing radiocactive particles rises quickly to about
120,000 ft. At altitudes of about 60,000 to 120,000 ft, there are,
at the latitude of Bikini, continuocus easterly winds having velocities
generally increasing with height to something of the order of 60 to
90 miles per hour, Thess winds could carry the aforementioned particles
to the region above Elwmer by about 2 hours after the detonatiomn,

These particles are capable of supplying sufficient ionization to the
air, despite the rapid recombination rate at these low heights, to
cause the anset of the renewed absorption shown in Table 3.1, The

time given in the table for renewal of absorption after Shot 5 seems
scmewhat early (41 hr 36 min), so either a different cause of
absorption was in operation at that time or higher velocity winds ex-
isted. Ths laiter possibility seems quite likely, as easterly winds

of over 80 miles per hr were reported at altitudes of about 85,000 ft
above near-by weather stations earlier thet day. At higher altitudes,
the westward velocity may well have been 50 percent greater, whica would
account for an early arrival of radicactive perticles over Elmer.

The possibility that high velocity winds may have brought the particles
there early does not preclude a long duration of abscrption (as obe
served), because continuation of absorption may have been due to lower
velocity winds, at lesser altitudes of the same regimm (60,000 to
120,000 £t), carrying ioni :ing particles overhead at later times.

4e2 F2-LAYER PHENOMENA

From the detalled descriptlon, given in Chapter 3, of the
pbenomena associated with the individual shots, it 1s apparent that
the results obtained from Operation CASTIE are not as useful far
studying the F2-layer phenomena as those obtained from IVY Mike.

Dve to the absorption discussed in Section 4.1, and probably also dus
to a G conditicn, the actual period during which the F2 jayer was
apparently rising was not observes, but only that phase was seen dur-
ing which the layer was returning to its normal condition (and this at
one station only). Furthermore, the extreme height that was found
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following IVY Mike and CASTIE 1 and 2 was not observed aftcr Shots
4 and 5. (Shot 3 was too amall to cause sucia a rise and dets ob=
tained trom Shot 6 were insufficient), The results obtained from - -

ot : the IVY shot are therefore still the buat available upor which to
\\ base an explanation of the rising F2 layer, ‘
TN . Continued study of the data obtained from the IVY shot has led
L to the conclusion that the results cannot be explained by as simple

a machanism as was assumed in the IVY report (see Section 4.1 of
. Reference 1), In that report, a simplified model of the ionosphere
was used as a basis and computations were made which indicated that
a vertical motion of the F~layer electrons could occwr at aocat a
o twontieth of the welocity of the convection current caused by the
R, thermal effects of the blast. Since the IVY rerurt was writton, how-
ever, a series of three papers (Reference 4) uas been published in :
which a complete theory of ionization drift is outlined., These papers

include detailsed computations of both vertical and horizontal drift

11 of ions caused by air cuwrrents, for various values of the dip angle
e of the earth!s magretic field, and for various altitudes above the
DA earth's surface. Reference 4 includes the effect of Hall conductivity,.

which was not included in ths simplified treatment of the IVY report,
N In that report, it was pointed out that a vertical curreant of air at
i the magnetic equator cannot cause an appreciatle vertical drift of

T F2-layer ions. According to the more complete theory of Reference

" 4y nowever, a pronounced horizontal drift would occur, which would
T ' be in the westward direction for an upwardly directed current of air.
S In the light of this theory, it would appeer that the apparent rize

. of the F2 layer was not an actual rise at all; the F2 layer only

- appeared to be rising because ions were awept away horizontally at
~ successively higher levels by the ascending heated mass of air. The
o tests did not, howaver, take place exactly at the magnetic equator,

o the earth's magnetic figld being tilted at an angle of about 13 de=
" grees at the Pacific Iroving Ground. The rising air current, there-
o fore, would have a small ccmponent of velocity along the earth's field
S ' " and there would be scme rise due to this component. There would also
T, be a component directed toward the south, because the field tilts up-
. ward in that direction, The net effect would be that ions would

v be moved in a southwesterly direction, with small vertical velocity
£ ' superposed upoa the horizontal motion. A1l of the observed phenomena
- should be consistent with this picture, if it is correct. - ‘
J The horizontal extent of the phenomena would, of course, depend
- upon the size of the heated air mass, ard this, in turn, would depend

‘ upon the erergy released by the blast. Furthermore, the distribution

: of the blast-wave energy would depend upon the wind and temperature
P structure of the atmosphere, and the volume affected would, in ‘gen-
o eral, not be symmetrical with respect to the source, Should this
s vclume have a fairly sharp boundary (true for atomic clouds observed
near the earth's surface), tne horizontal extent of the phenomena
observed would also have a sharp boundary and, if the ionosphere
recorder were located just outside the boundary, a completely differ-
ent sequence of events would e observed than if the recorder were
located nearer to the shot point. Outside the heated air mass, for
T exemple, there would be a downwardly directed current of gir, and the
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drift electrons would therefore move eastward instead of westwarde In
the vicinity of the boundary, this would tend to cause a decrease of
ion density. Furthermore, the ccmbination of decreass in atmospheriec
density with height and the conservation of mass would result in a
greater downward velocity of air molecules at higher altitudes than
at lower levels., The ions that are moved eastward by the descending
air would be swept eway more rapidly at higher than at lower levels,
and the effective height of the F2 layer might even be lowered. The
ionosphere recorder would not, therefore, register the large apparent
increase in height that would be observed ‘directly below the rising
heated air mass. Of course, turbulence near the boundary, and
®piling up® of ions would complicate the picture.

The above discussion 1s offered as an explanation of the events
following Shot 4. The yield of this shot was smaller, which would
have resulted in a smaller volume of heated air, Furthermore, because
of the later date, seasonal changes in upper atmosphere winds might
have caused a different horizontal distribution of blast-wave energy.
The net result may have been that, for this shot, the ionosphere re=-
corder was located outside of the boundary of the heated air mass,
hence no pronounced change in the height of the F2 layer occurred.
(The large apparent increases in level observed at about plus one hour
aprear to have been due to a horizontal motion of the point of re-
flection as described in Section 3.3.3, and iay have been the early
stages of the wave motion which gave rise to the distant effects de-
scribed in Section 3.Z.)

In the case of Shot 5, the occurrence of a G condition (ses
Section 3.3.4) made it impossible to obtain a complete picture of the
F2~layer phenomena,

Another mechanism which may be of importance in explaining the
results is the "cyclone" action due to the rising air mass. 4&ir
moving in horizontally to replace the ascending air would be ceflected
by the Coriolis force caused by the earth's rotation, and a counter=
clockwise whirl would result in the northern hemisphere, just as in
the case of an ordinary tropicel or extratropical cyclone. The winds
of this whirl would have a northwardly directed component east of the
shot point (where one of tke ionosphere recorders was located), This
component would lie along the earth's magnetic field, and, inasmuch
as electrons can be moved freely parallel to the field, the F2-layer
ions would tend to move northwards and dovmwards, This may be the
mechanism by means of which the FR-layer conditicns return to normal
(i.e., F2=layer ionization is moved in from the south by this process).
This would explain the occurrence of the lower of the two maxima de-
scribed in Section 3.3.,1 (see also Fig, 3.12) and would also explain
the gradual descent of the F2 layer as conditions return to normal,

From the above discussion, it is obvious that the F2-lasyer
phenomena that follow a large atomic blast are quite complicated and
probably cannot be com letely explainad with the limited data aveilable,
Data covering a wider range of distances and azimuths would be re-
guired in ox der to obtain a complete picture,
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4e3  DISTANT EFFECTS

Although distant ionosphere effects were definitely observed
as a result of CASTIE shots, the velocity of approximately 13 km/min
indicated by the distant effects of Shot Mike of Operation IVY is not
borne out by the CASTIE data. Despite the fact that the start of
the effects was very difficult to ascertain, large variationsofindicat~
ed velocity are apparent, with values ranging from 7.7 to 15.5 km/min,
A detalled theory of the nature of traveling ionospheric disturbances
having velocities in this range has been developed by Martyn (see
Reforence 5).

It seems advisable to call attention to two apparent consist- -
encles, so that future data may be examined for corroboration of
these tendencies. First, the duration of the effect appears to be
related to the yield of the device, possibly being proportional to
its square. Second, the duration is about inversely proportionsl
to the distance., No theoretical explanation can be given for these
possible relations.
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Chapter 5
CONGCLUSIONS

5.1 ABSORPTION

Severe absorption of vertically transmitted high-frequsncy
radio signals was observed to the west of all multi-megaton shots,
starting about 2 hours after the detonation and lasting several hours.,
This absorption is presumed to have been due to ionization caused by
radicactive material carried westward by high-level winds, It was not
observed during Operation IVY, because no ionosphere recorder was
situated at a location where this effect may have occurred.

This newly observed phenomenoa is of great significance as it
points to the possibility of a prolonged and widespread ionospheric
comaunications blackout in the event that a number of cities were hit
by megaton weapons during a period of a few hours.

5.2 SPCRADIC-E EFFECTS

Definite sporadic-E effects were noted at Rongerilr, 150 miles
to the east of the test site. From the time that echoes were first
observable there until at least two hours after each major shot, the
maximum frequency of sporadic-E returns was considerably higher than
normale During this period, these echoes also evidenced an unusual
anount of "gpread" or scattering and multiple-level reflections,
Sporadic-E returns are usually concidered to be the result of turbulence
and are frequently associated with ionospheric storms,.

53 F2 LA4YER EFFECTS

For shots of megaton range, an effect on the F2-layer was ob-
served which was similar to that first found following Shot Mike of
Operstion IVY, The apparent cause of this phenomenon is the large-
scale convection resulting from the conversion of blast-wave energy
into heat in the upper atmosphere. The nature of the effect varies

from shot to shot, presumably because of different atmospheric condi-
tiong or ylelds. '
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UNCLASSIFIED

Further study of the data has led to the conclusion that the
earlier explsnation of the phenomenon was incomplete and that the
novepent of electrons resulting from large explosions is more com-
plex than originally assumed. Additional experimentzl data from more
locations will be required in order to complete the picture.

S5k DISTANT EFFECTS

A disturbance that 1s propagated in the upper ioncsphere for
thousands of miles appears to be initiated by shots of sufficiently
large magnitude, The minimum yield requisite foar its initiation is
indicated as probably between 7 and 11 megatons. The velcclty of
propagation is indeterminats but has been within the range of 7.7 to
15.5 kn/min to date. ‘
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s | RECOMMENDATIONS

2}'.-,1 6.l FURTHER EXPERIMENTATION

The results indicate tha possibility of widespread disruption
of radio communications due to absorption, presumably caused by wind-
A ) borne radiocactive material at high altitudes. The lateral extent

S of this effect is still unknown. It is therefore recommended that,
L during future large-scale tests, experiments be performed to more
T accurately locate the bouridaries and motion of the material causing
LR the absorption. Such experiments enuld be carried out with an air=
oz borre ionosphere recorder., Data so obtained, combined with data
a taken concurrently at suitably located ground stations, would also be
s of great value in gaining a more complete picture of the convection
e ' resulting from large blasts and of the assoclated ionic motions.

- 6.2  COMPREHENSIVE DATA AMALYSIS

Many of the rhenomena observed during Operations IVY and CASTLE
are similar to effects that usually accompany ionospheric storms. It
is therefcre recommended that a comnrehensive study be made of ths
data already obtained in combination with related data from futura

B b tests, Such a study should lead to a more complete understanding of
~i the processes involved in naturally caused phenomenas.
6.3  CONTINUED STUDY OF DISTANT DATA

It is recommended that ionosphere records at distant locations
continue to be examined for evidence of traveling ilonospheric disturb-

- ances initiated by large explosions, Data on the velocity of prop-
R agation of such disturbances in different directions from a known
. i'.': : gource cannot be obtained by any other means.
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