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FOREWORD

This report is one of the reports presenting the results of the 34 projects participating

in the Military Effects Tests Program of Operation Castle, whichincluded six test

detonations. For readers interested in other pertinent test information, reference is

made toWT—934, Summary of Weapons Effects Tests, Military Effects Program. This

summary report includes the following information of possible gencral interest: (1) an

overall description of each detonation, includingyield, height of burst, ground zero lo-

cation, time of detonation, ambient atmospheric conditions at detonation, ete., for the

six shots; (2) discussion.of all project results; (3) a summary of each project, including

objectives and resylts; and (4) a complete listing of all reports covering the Military

Effects Tests Program. :
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ABSTRACT

Project 9.1 was organized to document the cloud-rise phenomena during Operation Castle

by means of photographs exposedfrom aircraft. This supplements Program 13.2, a Los-

Alamos Scientific Laboratory study of the early cloud~rise by means of ground-based

' Cameras.

Four aircraft were used: One RB—36 operating at 40,000 feet, and three C—54's

working at 10,000 to 14,000 feet. The planes were 40:'to 100 miles from ground zero,

usually at the 50-mile range at H-hour. Aerial cameras were installed on A-28 Stabi-

lized Mounts and operated by the Lookout Mountain Laboratory, U.S. Air Force. Photo-

graphs were taken of the visible cloud, from several directions, as a function of time.

Supporting data were photographed antomatically, and the aircraft furnished navigation

logs to documenttheir position at everyinstant. These logs were rather less complete

and less accurate than had been expected; this is attributed primarily to the difficulties

in flying under unaccustomed conditions.

All four aircraft flew on every shot. Of the 24 missions, six were spoiled because

of interference bynatural clouds. Four of these were on Shot 3, which was fired under
such bad weather conditions that good photography from the ground or from the air was
impossible.

'_ The data obtained are more complete and more accurate than any obtained during
previous operations. - Good measurements of cloud heightand diameter over a 10-minute

interval were obtained for the five shots which were photographed. It has been found

possible to apply suitable corrections for the effects of earth curvature and-atmospheric:

refraction, the slight tilt of the camera platform, and the altitude of the plane. The re-

‘sulting data agreé well from one plane to the other, and it has been possible to assign

smaller uncertainty to the results than had been anticipated. With a few exceptions, it has

?
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‘

not been possible to evaluate the few data taken more than 10 minutes after detonation.

The results fit well withthose obtained during Operation Ivy.

A numberof ways to improve the procedure became apparent as the tests continued

which shouldlead to a better job on future operations. Several specific recommendations

are presented.

The results of the Castle measurements are summarized in tabular form below, and

Ivy results are included for comparison.

SUMMARY OF GLOUD PARAMETERS

 

Hetght to Top Dianeter

 

Shot (thousands of feet) {thousands of feet)

Max. at 1 min. 1 min. _ 20 mia.-

Castle
1 14 47 38 370

2 110 44 33 316
4 94 35 26 125
$8 110 “4 s 270

6 12 2s 19 147

ly
Mike 98 39 30 200

King 16 28 , Ww 90

 

No data were obtained for Shot S.

Supplementary --data on cloud phenomenology ‘such as dimensions of condensation

rings, ice caps, and “bells” and “skirts” surrounding the main stem are presented
in Chapter 6. Also included are several approximations of the diameter of the
stem at high altitudes (35,000 to 50,000 feet) at relatively late (30-minute) times.
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Chapter |

INTRODUCTION

The purpose of this experiment was the determination of the dimensions and altitude of
each nuclear cloud as functions of time. Primary interest lies in the early stage during
which the cloud rises to maximum altitude. Secondaryinterest lies in the intermediate
interval during which the cloud extends to ita maximum diameter at the stabilized alti-

_ tude. The late stages during which the cloud begins to disperse ard to drift with the

several wind layers are important, receive attention but to a lesser extent than the
first two mentioned above. :

The results are vital to strategists, who need assurance whether a delivering air- _

Craft can or cannot safely avoid the uprushing maelstrom. They are also important to

the groups concerned with cloud-sampling operations, and are of potential utility in

devising methods of estimating energy release. They areof more than academic
interest to practicing and theoretical meteorologists.

The photographic method of recording these phenomena was chosen in view of its.

ability to record permanently, and for ready analysis, every visible detail of the cloud
at any desired time. The anticipated large dimensions of the Castle clouds dictated
the placement of the cameras at considerable distances. The use of aircraft as camera

platforms was decided in view of the paucity of suitable atolls, and of-the probability of
natural cloud cover. Several such aircraft were needed, for the purposesof triangu-

lating on the cloud to determine its position, and to provide insurance against failure

of any one station to procure satisfactory data.
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Chapter 2

BACKGROUND AND THEORY

Cloud phenomena have been studied photographically on most of the test operations in

the past. These studies have been carried out by Edgerton, Germeshausen and Grier,

Inc. (EG&G), under the auspices of the Los AlamosScientific Laboratory (LASL) on

Operations Greenhouse (References 1, 2); Buster (References 3, 4); Tumbler—Snapper

(References 5, 6); Ivy (Referenceg 7, 8, 9); and Upshot—Knothole (Reference 10). The

Greenhouse measurements were taken for analysis by groups at the USAF Cambridge

Research Center and Rand Corporation, who reported those results in detafl. All of these

programs were carried out with rather limited objectives.

All measurements were taken with ground-based cameras until Ivy, whenthe first

attempt at aerial documentation was made. These data were far from perfect but pro-

vided invaluable experience in planning the Castle program. As it turns out, the same

statement can be made concerning the Castle results: The data are incomplete, although

- they are the best yet obtained; the experience shows many ways in which they could have

been improved.

2.1 PLAN FOR CASTLE

At the request of the Armed Forces Special Weapons Project, a technical proposal

(Reference 11) for the Castle cloud-study program was submitted, and was followed by

a detailed technical plan (Reference 12). This plan recommended the use of several

aircraft, at 30,000 to 40,000 feet, together with ground-basedstations. The aircraft

were to be placed 75 to 100 miles from ground zero in different directions but in the

two western quadrants to photograph the silhouette of the cloud against the dawn sky

light. Wide-angle lenses were to be used to keep the entire cloud w’thin the field of

view for upwards of an hour. The cameras were to be mounted on automatically stabi-

lized platforms to control the tilt, and the aiming direction of the camera was to be re-

corded automatically from a gyro repeater. Accurate navigation logs were needed to

keep track of the aircraft position throughtout the run. As will be seen, these require-

ments were not entirely met; it is clear now that they are all truly necessary and cannot
be compromisedif all of the objectives of the program are to be satisfied. ;

During a meetingof Program Directors at LASL, in June, 1953, a decision was.

reached to separate the airborne and land-based photographic programs. ‘he land-

based portion was reduced in scope, placed inder LASL Project 13.2, and carried out

entirely by EG&G., Inc. The airborne portion was placed under AFS'WP Project 9.1;

the photographie work was assigned to the Lookout Mountain Laboratory, USAF, while
EG&G.., Inc. furnished advice and censultation in planning the program, analyzing the

films, and reporting the results.

2.2 THEORY

Since Project 9.1 was concerned with observing the cloud phenomena and not

with explaining them, the theoretical background {s extremely simple. Tha size
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of a given object, H, is related to the size of the image, h,by the simple relation

H = Dog h/f

wheref is the effective focal length of the lens, and Dy,is the distance along the optic

axis, from the lens to the plane (perpendicular to the optic axis) containing the object.
The focal length is calibrated accurately for each lens. The imagesize and optic-axis

distances, however, may both be poorly known. Assuming the distance to ground zero

"is accurately known, it is not known how far away a given part of the cloud is (for

example, the near edge), nor is itknown how high that part is if ground zero or the

horizon is obscured by clouds. Thus the gross cloud diameter may be determined more

easily and reliably than the heights and positions of specified portions.

It was to overcome these difficulties that use was madeof the stabilized platform.

With this table the angle of tilt in aiming the camera is at least known, and film measure-

ments can be made to fiducial or other artificial reference points where no natural ref-

erence appears in the photograph. Measurementsof this sort have been carried out

successfully for objects lying near the ground-zero plane. To investigate such objects

as the nearedge of the cloud, more information is required: for example, a second

picture taken from another location. If the object can be clearly identified in both

pictures and if the camera aiming angles are accuragely known, the position ofthe object

can be computed by triangulation. This endeavor has failed for Castle, since the angles
and positions are too poorly known and since two different views of most cloud irregu- .

larities are quite difficult to identify positively. It appears that two views from nearly -
the same position are needed, not more than 15 degree separation, and that the aiming

angles must be measured witha higher order of precision than appears justified.

2.3 CORRECTIONS TO OBSERVED DATA

The practical difficulties and limitations in the experiment are considerable, neces-

sitating the evaluation of suitable corrections to the direct measurements. For.example,

a correction must be made for the curvature of the earth and forrefraction of the light

path through the atmosphere. This is a relatively straight-forward calculation, involv-

ing the altitude of the plane and its distance from the object, and is treated thoroughly

in many works (References 13, 14). It is employed wheneverartificial reference
points are used in measuring the film.

A sirailar calculation is concerned with the position of the apparent horizon in the

ground-zero plane. This horizon is used as the measurement reference whereverit

is clearly visible. Since it usually lies behind the detonation point, it appears to be at

some (easily calculable) altitude above ground zero.

A more-serious correction is needed in determining the location of the top of the

cloud, which may be obscured by other portions of the cloud closer to the camera.

It is clearly impossible to photograph the top of a wide-spread objest unless the camera

can be placed above it. This correction necessarily involves personal Judgment based

on detailed examination of a series of pictures taken at different directions and times.

A feeling is- developed for the probable shape at the top, and the data are sorrected

accordingly.

“ Additional corrections are> required to compensate for the variations in tilt of the

stabilized platform. These variations are small, except when the plane banks and

throws the table into the stops. Nevertheless the correction is significant even for the

smal] variations and is considered as a separate step in the computations whenever

artificial reference must be used.

13
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Chapter 3 a

INSTRUMENTATION and OPERATIONS

3.1 INSTALLATIONS

. For the purposes of Project 9.1, two cameras were installed and operated in each _

of four airplanes by the Lookout Mountain Laboratory. Each plane was equipped with

a Type A--28 Automatic Stabilized Mount, which carried one modified K-17C camera
and one 35-mm Eclair motion-picture camera. The 35-mm cameras wereintended to

operate at about one frame per second, to document the rapidrise of the cloud during

_ the first five minutes. They were equipped with timing elocks. The K-17C cameras

were provided with special shutters to permit long exposures under dim lighting con=-

ditions and were planned to take three photographs every minute during the early stages

and to drop back to a slower schedule later on. The K~17C cameras were provided

with data recording chambers to record: (1) the time at which each frame was exposed,

(2) aiming of the camera by meansof a gyro-controlled compass card, and (3)tilt of

the stabilized platform by means of a bubble-level.

_ One installation was placed in the RB—36 aircraft, which was flown at about 40,000

feet on every shot. This plane was available to Project 9.1 for only the first 10 minutes .

after detonation; it then performed duties for Program 11 and Task Unit 9 to the exclu-

sion of Project 9.1 interests.

Similar installations were made in three C54 aircraft, which flew at 10,000 to

14,000 feet for cach shot. These planes were available for an hour or more and were

shared with Task Unit 9.

The original plan called for placement of all planes in the two western quadrants
to permit photography of the cloud silhouette against the dimly iNuminated eastern sky.

’ Distances and lenses were specified to cover a field of view approximately 150,000 feet

high and 350,000 feet across in the vectical plane at ground zero. This requirement
was based on observations taken during Operation Ivy.

The ship's navigator was requested to supply information as to the distance end

bearing to ground zero évery minute, together with supplementary data on the plane's

heading, course and speed.

' Although the schedule was tight, all equipment was installed andtrial runs were
made before leaving the United States. Thase runs were apparently satisfactory. Trial.

runs were also made in the forward area, with the primary object the determination of

the pre-dawn sky light-levels. It was found that the available light was marginally weak but

still exceeded pessimistic expectations.

3.2 OPERATIONS

The plan of operation was relatively simple in principle, but success depended upon

good luck as well, as on proper functioning of individuals and equipment. Serious loss

of data or even complete failure of the mission could result from the failure of a single
link in the chain. For example, incomplete navigation data can spoil an otherwise perfect

14
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On the other hand, failure of a clock or of a shutter or of a power source is

equally ruinous. Natural cloud cover can kill the mission completely.

The results of these cloud-rise studies are easily the best obtained to date. However,

the basic plan fell short of complete fulfillment in several. important respects.

set of films.

3.2.1 Equipment Failures. The most-serious failures were those of the special

shutters in the modified K—-17C cameras. This is presumably caused by the low-

temperature operation and was not encountered before the operation because of the

‘closeness of the schedule. The failures manifest themselves in double exposures, under-

and over-exposures occurring in a sequence of properly exposed photos andin the shutter-

remaining open during film transport. The resulting photographs sometimes give partial

information but result more frequently in gaps in the data. Fortunately, these gaps are

sometimes filled by cameras in the other planes. This difficulty became less serious as the
operation preceeded.

The data-recording chambersin these cameras were usually well exposed and legible.

On.two occasions when the camera v’2s operated at runaway speed (1.5 second picture in-

terval versus the prescribed 20 second) the vibration caused complete loss of the chamber
data. This difficulty was eliminated. :

_ The compasscard in the recording chamber sometimes.gave.data which are obviously
Inerror. (The plane's course swings around a.60 degreé arc, but the card shows an

angular change in aimingof only 25 degrees.) It is understood thatlack of time prevented

the coupling of this card to a gyr‘o~repeater and that the settings were putin.manually.

. Owingto the pressureof time, the prescribed short~focal-length lenses were not

ysed on the motion-picture cameras. The use of long lenses, together with the too-close

positioning of the aircraft, limited the field of view to about a third of the prescribed
dimensions. As a result, the cloud invariably ran out of field in two minutes orless.

There were two cases of failure of the clocks in the Eclair cameras, owing to low-
temperature operation. The difficulty was remedied satisfactorily.

3.2.2 Failures Due to Aircraft Location. Theaircraft were much too close to the

point of detonation, for the purposes of Project 9.1, because of compromises with other
experimenters using the same planes.

The RB—36 plane was needed by Project 11 to begin sampling operations after the

first 10 minutes. This requirement pulled the plane in tg a range of 50 nautical miles

on every shot and resulted in too small a field of view for the cameras. The cloudwent-

out-of-frame in the K—-17C cameras at 4 minutes (Shot 1) to % minutes (Shot 4) and in

the Eclairs at 1.5 to 3.7 minutes. An accompanying difficulty arose from the Program 11

wish to have the plane in the southeast quadrant—-there was not enough light once the

fireball dimmed, so that exposure-times up to 4 seconds had to be used. The platform

was not steady enough for such long exposures, and the pictures are blurrédand difficult
to read.

The C—54 planes were shared with Task Unit 9, which wanted to be as close as

possible to the burst. The compromises adopted werecertainly unsatisfactory to them

as well as to Project 9.1. The ships were placed in the right directions but were only

40 to 60 nautical miles from ground zero— so close that the useful period of observation

was limited to 10 minutes or less. There were two exceptions on Shot 5, when the

planes were at 90 and 100 miles and procured good photographs to 15 and 20 minutea

respectively.

3.2.3 Failures Due to Navigation Errors. The position data supplied by the aircraft
navigators are not as good as had been expected. Undoubtedly EG&G did not appreciate all
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of the problems involved and assumed the job to be easierthan it actually was. As a re-

sult, the specification of data requirements may havebeen inadequate. The other groups

concerned also as3umedthe job to be routine, and as a result, everyone was inadequately

briefed. , . . co,

_ The disappointing data from the first shot pointed up the problem and led to corrective

measures. Twoplanes furnished sketchy information, starting after the useful photography .

was completed, and the other two sets of data contained obvious errors and inconsistencies.

_ Some of the navigators performed consisten‘ly better than others thereafter, although the

data still contain obvious gross errors: one log had the plane remaining in the same position .

for 3 minutes; in other cases the aircraft backed up, went sideways, or ran at 700 miles per

hour. It is believed that the navigators did the best job they could, adequate for the routine

running of the plane, but that the added requirements of this program lec to the sort of

human errors that everyone can make when working under extremestress.

_ On the last two shots, supporting navigational data were furnished by the Air Opera-

tion Center aboard the USS Estes. Comparison of these results with those logged by the

aircraft navigatorsshows that the probable uncertainty in distance is of the orderof
+2 nautical miles, and in angular bearing of the order of +4 degrees. (Extreme discre~

pancies of 26 miles and 14.degrees were actually reported.) —

It is believed that the data are generally good as regards distance from plane to
ground zero but that the bearings are too poorly known to give any accuracy in triangu-

lating on the cloud. This conclusion, together with the limited photography coverage,

restricts the interval of measurement to about the first 10 minutes, before wind drift

becomes appreciable. Thus the third, and least important, objective of the program was

not satisfied, with the exception of several measurements of stem didmeter at about

30 minutes. The two major objectives, however, were met with reasonable precision. a
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Chapter 4

METHODS AND ANALYSIS

The photographic study of cloud-rise phenomenadiffers in several important respects

from the customary aerial survey or photogrammetric mapping problem. It is not enough

simply to establish accurate scale factors for distance. Customary mappingprocedures

always reduce the three spatial dimensions to two by employing a system of contours to

represent the relatively slight variations in the third. Here refuge cannot be taken in

such a device; the three spatial dimensions, and also time, must be considered as four

separate, independent, and irreducible variables. A complete analysis of all phases of

this problem would be laborious and unjustifiably expensive; even a limited study, how-

ever, requires accurate and complete controlof all four variables for every photograph

exposed. In addition, it requires experience and judgment.on the part of the analyst to:

(1) interpret the séries of pictures, (2) identify irregularities in the poorly defined and

sometimes nebulous cloud surface, (3) evaluate the relative importances of prominences

in the cloud, and (4) estimate probable features which-are hidden from the camera.

4.1 SPATIAL CONTROL |

It is necessary to know thefollowing for each photograph: (1) horizontal distance .

from ground. zero, (2) altitude of the camera platform, (3) horizontal aiming angle

‘(bearing), (4) vertical aiming angle (tilt), (5) focal length of the lens, (6) distortion

‘ characteristics of the camera,. (7) location of the optic-axis on the film (fiducial marks),

and (8) earth curvature and atmospheric refraction.

In addition to the above, it is desired to make sure that the field.of view of the

camera is large enough. A photograph in which cloud-cover, perspective difficulties

and curvature-refraction effects are all minimized is preferred. These are contra-

dictory effects, and the optimum distance for multimegaton bombs is of the order 75

to 150 miles.

In practice, Items 2, 4, 5, 7, and 8 are usually quite well known.Hem 6 is

neglected; Item 1 is known to about +2 percent; but Item 3 is too poorly known
(+ 4 degrees or so) to permit any true three~dimensional analysis. Lack of this in-

formation requires that the cloud phenomenabeevaluated in the vertical plane through

ground zero. The loss of any of these data, for any given photograph, seriously impairs:

the value of that picture to the study.

Data regarding camera position for the Castle detonations were derived from the
navigation logs furnished from the field.. The given data were plotted for each mission

"as a series of arrows originating at the given position and terminating at the expected

position 1 minute later. Since the terminus almost invariably differs from the actual

position given by the log for that time, by 1 to 10 miles, it must‘be concluded that the
data are not internally consistent. Therefore, a smoothed curve is drawn through the

data to represent the probable course of the ship. An adjusted time scale is constructed

along this curve, with equal increments of distance to take account of the nearly constant

velocity and with minimum deviation from the logged time scale. This curve is felt good
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to +2 percent as regards distance to ground zero, and to +4 degrees as regards angular

bearing.

4.2 TIMING CONTROL

It is necessary to know the time, relative to detonation, at which each photograph

is exposed. This problem was solved in principle by photographing a clock, mounted

within the camera, at the same time each exposure is made. The remaining problem is

one of synchronization. In most cases the clock was setto within a second or two, and
the clock error was noted. However, in two cases the clock ran slow because of low

temperatures. In another.case, in which clock error is not noted but is of the order of

3 minutes, the only way to ascertain the time is to work backward from the best data

obtained from other cameras.

4.3 MEASUREMENTS FROM THE FILMS

It is impossible to specify an exact measurement procedure, since each photograph

differs importantlyfrom all others. The analyst takes advantage of every feature that

can aid him, primarily in the matter of establishing a gound-reference level. Many such

references are possible; sometimes all of them are available and sometimes none. The
best reference would be a clearly defined ground zero, such as may be derived from the

ellipse representing the water-shock intersection. Other possible referencesare the .

horizon, a well-defined condensation ring or skirt surrounding the stem, the edge of the

film frame, or the fiducial references in the camera film-plane. Frequently these fidu-

cial marks are missing, because they require sky light to shadow them on the film;

artificial illumination would be much more reliable. Having chosen the reference for a

given photo, measurements are taken to tie them all together, i.e., horizon to fiducials,

shock-wave to condensation ring, and se on. Such data, obtained from a few pictures,

may be invaluable for making measurements from other photos in the same series. Thus,

measurements may be made from the shock circle for the first few pictures, from a

prominent skirt later on, and finally, from the fiducials when they reappear.

Measurements are taken fromthe best reference for the particular picture to the

several interesting cloud features. Careful notesare kept explaining the references

used and the portions of the cloud to which measurements were taken. These notes

are used later in resolving the discrepancies between readings from several cameras.

The 35-mm films are read by means of a Hauser microscope comparator or by

means of a magnifier and scale on an illuminated table. The comparator provides more

precision than is required '(£0.0002 inch on the film) and is rather time consuming, in

view of the careful set-up required. The magnifier and scale permit readings to an es-

timated 40.001 inch, which is more than adequate for these measurements. The choice

of instrument is usually made in view of the particular features of the given film.

The K-17C films are read by means of a scale on an illuminated table, which is -

good to +0.0linch. This is more than adequate for these purposes, since the edge of

the irregular cloud usually cannot be defined to better than 0.10 inch on these filma.

4.4 CALCULATIONS

Scale factors are derived for dach film as a function oftime from the smoothed

airplane position curve and from thc calibrated focal lenyth. Then the appropriate cor~

rections are derived, also as functions of time. These corrections (for earth curvature

and refraction, position of the apparent horizon, altitude of a particular skirt used as
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the measurement reference, and tilt of the camera platform) depend upon the altitude

of the plane and its distancefrom ground zero, the reference chosenfor the particular

measurement, the measurements relating the several references, and the position of

the bubble level showing platform tilt. The correctionsare applied to the film measure-

ments with appropriate scale factors to derive the final readings of cloud diameter or

height as functions of time.

The data from the cameras are plotted for comparison and almost always show a

gratifying agreement during the rise of the cloud to maximum altitude. This agreement

showsthe analysis to have been correct. The diameterreadings and height to bottom

always continue to agree well, but the height-to-top readings usually begin to spread

apart after stabilization, disagreeing sometimes by as much as 20 percent.

When discrepancies appear, the films and the measurement notes are re-examined

to determinethe cause. Usuallyit isa matter of Judgment as to which portion of the

image truly represents the top of the cloud. Sometimes it can be shown that the cloud
must have moved enough to upset the scale factors; in such a case the average of two

readings from opposite directions is better than either alone. A "best curve" is

agreed upon, and estimates of error are derived from the scatter in the figures and

from the knownuncertainties in the supporting data.
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Chapter 5

RESULTS

The measurements and calculations are presented and discussed, shot by shot, in the

succeeding paragraphs. Data are given concerning the diameter and heights to top and

bottom of the cloud proper, as functions of time for a maximum of 10 minutes. Few

data were obtained at later times and, with the exception noted in Chapter 6, are omitted

in view of uncertainty as to motion of the cloud with the wind..

In general, the diameter data are considered the most accurate while the height

to the top of the cloud is least reliable. This follows from the fact that the cloud towers

high above the camera and the top cannot be seen.

For the purposes of this report, the top of the cloud is measured at the top during

the rise and near the edge after stabilization. Whenever a thunderhead (a small wisp of

material going to higher altitudes than the cloud proper) is observed, the data are also

given. The bottom.of the cloud is sometimes poorly defined, because of the massive

stem, but roughly represents the cloud level about halfway from stem to edge.

5.1 SHOT 1

’ Data from this detonation are less complete than from succecding shots. Two of the
planes furnished adequate navigation data, and also usable films; fortunately, the worst

camera failures occurred in the aircraft whose positions were unknown. Table 5.1 lists

all of the films exposed for cloud Projects 9.1 and13.2, together with an evaluation of

‘their utility for these purposes.

The results, given in Figure 5.1, are based on measurements from three aerial films

(two from K—17C cameras and one from an Eclair) and are tied into the 13.2 data from

ground-based cameras, which cover only the first 0.6 minute. The diameter curve is

believed to be good to +3 percent for the first 5 minutes; after this the photographs are

poor and only two measurements could be taken. The height-to-top figures are good to

+3 percent for 4 minutes. Then they become increasingly uncertain; at 6 minutes the

given data could be in error by +10 percent, and thereafter the prominent thunderhead

provides the only reliable measurements. Height to bottom is probably goog to +5 per=

cent out to 10 minutes.

_Experience on this first shot led to corrective measures designed to improve the
quality of the data on succeeding shats.

5.2 SHOT 2

Three of the aircraft furnished good navigation data (an estimated probable curve was
derived for the fourth) and five of the eight films exposed are quite good. Table 5.2 lists’

all of the films exposed for Projects 9.1 and 13.2, together with evaluation as to their

utility for cloud study.

The results, given in Figure 5.2, are based on measurements from four K—17C and

three Eclair films, and are tied into the 13.2 data from ground-based cameras. The

diameter curve is felt to be good to +3 percent for 7 minutes, and only slightly poorer there-
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after. The height-to-top data are good for nearly 4 minutes and then becomepoor as the
cloud spreads out and obscures the top. The thunderhead and height-to-bottom data are
considered good.

The K—17C film exposed in-the RB—36 plane is a particularly good record of the
growth during the first 45 seconds. The shock waveis visible in the air for about 7 seconds,

TABLE 5.1 FILMS EXPOSED, SHOT 1 .

 

 

Film Number Loca- Nav.
EG&G LML tion Data Comments

24067 117D RBIG OK Poor timing, read 1.5 minute

24068 117¢ RB36 | OK Poor timing, read 1.3 minute

24069 LIA 5615 OK _ OK to 3.1 minutes

24070 1178 "$482 None Photos OK, not read

24071 ALD12 RBI Fair Read 4.2 minutes

24072 ALD? 5561 Poor Camera failure

24073 ALDIO 5615 Fair Photos fair, read @ rainutes

24074 ALDI §482 None Camerafailure

24050 HOW No timing marks

24051 - HOW Fogged, radiation

24052 NAN OX 80 seconds

24053 NAN OK 48 ‘seconds
24054 TARE OK 44 seconds

24058 TARE OK 37 seconds

24056 HOW Fogged, radiation

24057 NAN Fogged, radiation

24058 TARE Fogged, radiation
24063 HOW Fogged, radiation
24064 NAN Fogged, radiation
24065 HOW Fogged, radiation

- 24066 Fogged, radiationNAN

 

and its intersection with the water surface can be measured for 45 seconds. Its radius in~

creased at a constant rate of 1.31 x 10° feet/seconds to a radius of 69,000 feet by 45 seo~

onds. The-intersection circle provides an unusually good reference for the measurement °

TABLE 8.2 FILMS EXPOSED, SHOT 2

 

Film Number Loca- Nay.

EG&G LML tion Data Comsoents

24567 121E RBIG OK Poor, timing errors

24568 3421C 6561 OK OK 2.3 minute

24869. 1213 5615 OK OK 2.0 minutes.
24570 I21A 6462 None Poor, not read

24571 ALD21 RBI6 Fair OK 6.5 minutes

24872° ALDI8 5615 OK Poor, read 10 minutes

24573 ALDI9 $482 Poor OK 10 minutes
24574 ALD20 8562 OK OK 7.3 minutes
24352 NAN OK 20 seconds
24553 NAN OK 36 seconds

24554 TARE OK 25 seconds
24558 TARE OK 35 seconds
24556 TARE Poor
24562 PARRY OK 46minutes

 

of cloud heights. The later pictures from this camera ar

posures required.

5.3 SHOT 3

e quite poor owing to the long ex-

Because of heavy cloud cover and local rain squalls, no photographs were obtained for
this shot, from the air or from the ground.

5.4 SHOT 4

The navigation data were good from one plane, fair from two, and poor from the
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5.5 SHOT 5.

Three aircraft furnished good navigational data, and the Air Operations Center a~
board the USS Estes supplied information of the fourth, as well as checking two of the

 

in Table 5.3, some data were obtained from two K-17C cameras and from two Eclairs.
The measurements from these films agree fairly well with each other and tie in with the

results from the 13.2 ground-based cameras. Figure 5.3 is the graph of the data.

All three curves are good to +3 percent for 4 minutes and becomepoorer thereafter.

By 8 minutes the probable error is estimated to be of the order of +8 percent.

This device, of lower yield than those used for Shots 1 and 2, went to a.lower ultimate

altitude and did not have the thunderhead observed in prior shots.
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Figure 5.5 Cloud dimensions: Shot 6.

other ships. The checks were not perfect as regards the angular bearings oftheships

from ground zero but were quite good as to distance. All eight cameras obtainedgood
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photographs, although one had a bad timing error. This shot is the best documented in

the entire program.

Table 5.4 describes all cameras operated for cloud study projects, and the results

are plotted in Figure 5.4. All three curves are good to +2 percent for the first 2 minutes,

deteriorating thereafter to an estimated +7 percent at 10 minutes. .

Twoofthe aircraft were moved out to the 75-to~100~mile range for this shot and
obtained good photographs to 15 to 20 minutes. Unfortunately no position data are avail-

able after 12 minutes for one ship, and the other plane used the camera with the timing

TABLE 5.3 FILMS EXPOSED, SHOT 4
*

 

 

Film Number Loca Nav.
EG&G ‘“LML . Won Data ‘Comments

24167 125C RBSI6 OK OK 3.7 minutes

24168 132B 5561 OK Poor, not read

24169 6615 Fair Camera jammed

24170 130B 5482 Poor Underesxposure, read 5.2
, . minutes

24171 ALD28 RBIG OK OK 7.5 minutes

24172 ALD33 5615 Fair OK 11.4 minutes
24173 ALDSL 5482 None Poor, not read

24174 ALD34 6562 ox NG, not resd
24150 HOW OK 30 seconds

24183 . NAN OK 36 seconds

24166 HOW Fogged
24157, NAN NG

24162 PARRY Fair 40 minutes
24163 How Fogged

24164 NAN OK 3 minutes
NAN OK 2 miaute24168

 

error. Thus no attempt has been made to obtain later-stage information by triangulation

methods.

5.6 SHOT 6

Cloud cover wag heavy at shot time. For a while, two planes saw tho nuclear cloud —

between layers of natural clouds. The photographs are of poor pictorial quality, but they

TABLE 6.4 FILMS EXPOSED, SHOT §

Number

¥

Loca- Nay.

 

Film

EG&G LML tion Data "Comments

24267 128C2- RBI6 OK OX 2.8 minutes
24264 13282 856% OK OK 5.1 minutes
24268 13202 8615 OK OK 1.5 minutes
24270 -125D 482 AOC OK 3.4 minutes
24271 ~ALDST RBIC OK. OK 6.0 minutes

24272, ALD35 6615 Fair OK 7.1 minutes
24273 ALDAL 8462 - aoc OK 15 minutes
24274 «=ALDI6 656% ox Timing ? read 19 minutes
24280 HOw OK 36 seconds
24253 ° NAN OK 45 seconds

24256 HOW Fogged

24257 NAN, Fogged
24263 HOW Pogged
24264 NAN Fogged

NAN . Fogyed24268

 

yleld surprisingly good measurements. The other two planes and all ground cameras were

obscured by clouds and obtained no pictures. Table 5.5 summarizes the films.

One of the successful planes furnished good navigational data in close agreement with

the Air Operation Center (AOC) figures; the other plane disagreed drastically with AOC.
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Study of the photographs forces. the conclusion that AOC was in error, and that the ship's

own data are correct. Use of the AOC data leads to an apparent maximum cloud height

of 52,000 feet, in disagreement with other results and with all past experience with bombs

in this range ofyields. The navigator's data lead to the eminently reasonable figure of |

70,000 feet, in exact agreement with the data from the other plane.

The results are given in Figure 5.5. The dashed lines represent intervals during

which the particular feature was hidden by natural cloud and are thus reasonable inter-

It is felt that a «5 percent uncertainty applies for the entire 10-minute

 

 

 

polations.

TABLE 5.5 FILMS EXPOSED, SHOT 6 é

Film Number Loca~ Nav.

EG&G LML tion » Data Comments

24467 125C3 RB36 OK Clouds, NG

24468) «=—:192B3 5561 OK Clouds, NG
24469 —«13SB 5615 OK Clouds, read 3 minutes

24470-1354 5482 OK Clouds, NG
24471 ALDI2A RB3I6 OK Clouds, NG

472 ALDAS . 5616 OK Clouds, read 5 minutes
24473) ALDI2B 5482.—«: : OK, Clouds, read 8-minutes

24450 PARRY . Clouds, NG
24451 PARRY Clouds, NG

24457. / PARRY Clouds, NG

24463 PARRY Clouds, NG

24464 . PARRY Clouds, NG

' interval. It should be noted that the height-to-top measurements are reliable in spite of |
the poor photographic quality, because the cloud height was less and the camera distance ,

greater than usual, __ ; .

5.7 DISCUSSION

Although the results presented here cover a shorter time interval than had been ex-

pected and although unforeseen operational difficulties were encountered, it is believed that

 

 

TABLE §.6 SUMMARY OF CLouD PARAMETERS . !

Height to Top Diameter =
(thousands of fect) Fireball (thousands of foet)

Shot Max. 1 min. Yield O17) - 1 min. 10 min.

Castle , ‘
1 4 47 14.8 2 062 38 370
2 110 44 11.0 4 04 33 316

4 94 356 6.88 2 0.12 26 125
5 ilo “4 13.6 + 0.2 34 270

6 72 s 1.69 = 0.03 12 uz

Ivy

Mike 98 39 aad 30 200

King 76 28 6.550 + 0.028 tt 90 {
- 7 : + . —_ 4
 

these measurements are good over the most~important time period, prior to cloud stabili-

zation. Over this period tho data are by far the best we have ever had to work with.

The results of the cloud-rise measurements are generally in good agreement with
the less-accurate results from Operation Ivy. For purposes of comparison, Table 5.6

lists for the Ivy and Castlo shots the following pertinent information: the- maximum ob-

served value for height-to-top, the height-to-top at 1 minute, and the cloud diameters at
1 minute and at 10 minutes. The height at 1 minute is a fair measure of the upward ve~

locity of the rising cloud. This appears to increase with yield although the data for Shot 7
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6 are rather out of line compared with Ivy King. It may well be significant that Shot King

was an air burst, whereas the others were all at ground level. The ground bursts always

seem to hover for a while before beginning to rise.

The operation has been.a good education to all of the groups concerned, and has

demonstrated the steps and precautions that must be followed to assure results of even

better quality in the future.
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Chapter 6

SUPPLEMENTARY MEASUREMENTS

On detonations of the magnitude of the Castle shots, several phenomena occur which, oan

smaller shots, either de not appear or are extremelyshort-lived. Hence, it is desirable

to report here other measurements in addition to the height and diameter of the main

cloud. "Skirts, " "hells, " condensation rings, thunderheads, ice caps, and the stem

have been measured wherever they appear. Their diameters and heights have been cal-

culated in the same manner as the dimensions of the main cloud. Figure 6.1 is an idealized

sketch of a nuclear cloud in the megaton range, showing the nomenclature employed in this

chapter.

Films from K-170 andEclair cameras located in aircraft have been utilized for the

purposeof obtaining the supplementary measurements, since most of these secondary

' -phenomena occur at later times than are covered by the high-speed, ground-based

cameras.

6.1 SHOT 1

The cloud, at various stages in its development, showed four condensation rings,

three ice caps, two skirts, and three bells. Figure 6.2, taken at 45 seconds, shows the

condensation rings and two of the ice caps. Figure 6.3 is a plot.of the diametersof all

the measurable phenomena and Figure 6.4 gives their heights with respect to sea level.

No reliable data can be obtained on heights of the bells.

The four films measured for stem diameter showed good agreement through ten

minutes. Unfortunately, it was not possible to measure the diameters of the four con-

densation rings, as all the aircraft were located too close to ground zero. Data from

two Eclair films did, however, permit determination of these heights through -25 minutes.

Diameters of skirts and bells were measured from onefilm each. In both cases, the dia~

meter measured is that of the widest portion; e.g., for a skirt the diameter measured is

that of the base of the skirt. Three films gave good data on diameters of two ice caps.

The height curves are based ononly one film, however, since the other two films

yielded poor data. Only one filmshowedthe third ice cap; hence, the resulting calculations

vield only estimated figures, Betwcon 1.0 and 1.6 minutes the diameter of the third ice

cap increased from 45 to 65 thousand feet; in the same time range, the height to bottom
was between 20 and 25 thousand feet.

6.2 SHOT 2 .

Figure 6.5 shows the diameter and height of the five skirts visible during this shot.

Because of the particular arrangementof the skirts, it appeared that the two upper
skirts had a common base, as did the two lower skirts, although it was possible to measure

distinctly separate diameters for all five. Figure 6.4 shows the upper two skirts, the two

bells, and a portion of one other skirt. Two condensation rings were visible, the maximum
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diameter of one at 68,000 feet, and of the other at 110,000 feet. The growth of the diameters

. of the two rings is plotted in Figure 6.7.

The diameters of the twobells observed areplotted in Figure 6.8. The heights of the

bells were measurable on only one film, which shows the base of the lower bell at approx-

' imately 30,000 feet and the upper at 40,000 to 45,000 feet throughout the measurable range,

°. from 2 to 15 minutes.

The stem could be measured from only one film, between 10 and 14 minutes.

that interval, its diameter increased from 9,000 feet to 14,000 feet.

During

6.3 SHOT 4

Six condensation rings were visible on three films from this shot. Figure 6.9 shows

all six rings distinctly. Their diameters are plotted in Figure 6.10, together with the

_CONDENSATION
a RINGS

Ice

 

WooTHUNDERHEAD

 

Figure 6.1 Idealized sketch of cloud phenomena from multimegation

bomb with top view showing early cloud stage and bottom view at
’ later time.

diameters of the shock wave and the Wilson cloud chamber, which were visible in one of

the films. All the rings except No. 3 remained at approximately the same height through-

out the period measured. The rings were all measurable from about 0.3 minute to 0.6
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minute. Theywere located at 5,000, 12,000, 14,000, 22,000, 23,000, and 25,000 feet.

Ring No. 3 was the only one to show a definite changein altitude (from 22,000 to 18,000

feet) though the sparse data from one film for rings No. 2, No. 4, and No. 5 indicated

that they also lost about 4,000 feet of altitude during the 0.2 minute period after the last

measurement on the remainderof the films.

meter and main skirt with time.

6.4 SHOT 5

Figure 6.11 shows the growth of the dia-

Diameters of the stem and the one be]l visible on this shot are shown in Figure 6.12

as functions of time. Height of the bell could not be determined reliably. Figure 6.13

TABLE 6.1 CASTLE CLOUD DIMENSIONS AT 35,000

FEET TO 50,000 FEET ALTITUDE

 
Stem Width

 

. Time ~ Altitude
Shot Minutes Feet Feet

Shot 1: 20 (ALD~11) =: 35,000 63,000
80,000 4in main cloud)

20 (ALD—10) 35,000 39,000

60,000 44,000

‘28 (ALD-.10) 36,000 $6,000 .

80,000 $2,000

Shot 2 25 (ALD—18) 35,000 $1,000

45,000 38,000

29 (ALD~189) 36,000 24,000
45,000 38,000

Shot 4 28 (ALD-31) 36,000 48,000

$0,000 * 84,000

30 (ALD—33) 35,000 46,000

60,000 55,000

4§ {ALD-33) 95,000 3,600

(stem dissipating)

§0,000 140,000 (main cloud)

Shot 5 28 (ALD—36) 45,000 110,000

. 34 (ALD—36) 46,000 92,000

Shot 6 21 (ALD~ 43) 35,000 63,000

 

gives the diameters of the eight condensation rings measured. Rings No. 1 and No. 2 ~

were clese together near the base of the cloud. No. 3 the next highest, No. 4 and No. 5

in the next higher group, and No. 6, No. 7 and No. 8 forming the top group. Good meas~

urements were not obtainable on rings No. 7 and No. 8, becauseof their relatively short

lives. All the rings remained at approximately the same height througout the period
measured. The lowest ring was measurable from 0.3 to 0.7 minutes, during which timeit

remained at an altitude of 35,000 fect. Rings No. 2, No. 3 and No. 4 were visible between
0.5 and 0.9 minutes, at altitudes of 39,000, 49,000 and 55,000 feet, respectively. Rings —

No. 5 andNo. 6 were measured at 57,000 and 60,000 feet from 0.6 minute to 0.8 minute.
No data were obtainable on Rings No. 7 and No.8.

The height to the top of the thunderhead was measured on three films. The. resulting

data are in poor agreement but indicate that the thunderhead reached a maximum height of

135 + 10 thousand feet at approximately 9 minutes. Measurements on four filrns of height to
the base of the lowost skirt were equilly unsatisfactory. It is estimated that the base of the ‘

skirt remained at a constant altitude of 31 + 10 thousand feet between the initial appearance
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Figure 6.8 Diameter of belle: Shot 2.

  

 

    

  

+
Ne

de
le
ee

  

 

 

Figure 4.6 Cloud at 24 minutes, Shot 2.
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Figure 6.9 Cloud at 28 avconds, Shot 4.
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of the skirt at 1.5 minutes and the latest measurement at 10 minutes. Figure 6.14 is an

excellent example of the appearance and multiplicity of skirts visible on this and other shots.

6.5 SHOT 6 . , |
Because of natural cloud cover, no measurements of the subsidiary features of the

cloud from this shot were possible.

6.6 CLOUD DIMENSIONS AT HIGH ALTITUDES

It was possible to make some rough approximations of the cloud and stem dimensions

of the Castle shots at altitudes of 35,000 and 50,000 feet at times up to 45 minutes. The

figures presented in Tablé 6.1 are only approximate, because of uncertainties in aircraft
positions at ‘such late times. It is felt, however, that this information may be of assist- ~* |

ance in estimating hazards to which personnel of a sampling aircraft might be subjected
in penetrating the cloud or stemafter a detonation.

—
-
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Chopter 7

CONCLUSIONS

The data obtained for Project 9.1 are by far the best yet, although they extend only over

the first 10 minutes; little information was obtained for later times.

- Good measurements were made forfive ofthe six Castle shots. Shot 3 was fired

under weather conditions stich that none of the cameras saty the cloud. On the other

shots, natural cloud interference turned out to be less serious than had been expected.

The utility of high~flying aircraft for these purposes is confirmed, as isalso the de~

sirability of using distant ground-level cameras. _

‘The A-28 stabilized mounts have performed brilliantly and have saved many

pictures that would otherwise havebeen useless for measurement purposes. The cali-

brated cameras ‘have similarly performed well. Many photographs, whose only refer-

ence level is the camera fiducial-mark system, were measured successfully. This

gives incréased confidence in the results and in the methods by which they were ob~
tained.
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’ Chapter. 8

RECOMMENDATIONS

It is believed that the basic plan used during Castle is the correct one to use and that

improvements can be achieved through careful attention to details rather than by drasti-

cally altering the method of operation.

8.1 ALTITUDE

The best datawere obtained by the RB—36 installation, flying at 40,000 feet altitude.

The superiority of these results is attributable aliaost entirely to the high altitude, and

it is recommendedthat every effort be made to use high-flying platforms wherever

possible. This recommendation applies to operations in Nevada as well as in the

Pacific-—there is much to be gained in operating above the atomic clouds.

8.2 SUPPLEMENTARY DATA
The collection of subsidiary data——without which the photographs are merely pic-

tures, not scientific data— should be made automatically. Personnel efficiency declines
rapidly as altitude increases, and the probability of error or complete loss of ‘informa~

tion becomesprohibitively large. The crew membershaveto fly the plane and, naturally,
carry their routine jobs out-even at the expenseof the scientific mission. This is not a

criticism, but rather a fact that needs recognition: The program. should provide auto~

matic means of recording every bit of information it needs without relying on the crew.

Among the data to be so recorded are: aircraft position, altitude, course, attitude, air-

‘speed, and groundspeed; also, the camera parameters such as aiming, timing, aperture,

and shutter settings. Much of this information could be recorded by voice on a tape re-

corder. It should be emphasized,however, that it is better to photograph instruments than

to have a man read them and relay the data to the tape, while working on other jobs at the

sarne time. It follows that such data as plane's position might be obtainable morereliably
from the ground than from the plane itself; but if it is done from the plane, the instruments

and the terrain directly below, if necessaxy, should be photographed, rather than relying
on a person who has other duties.

8.3 PHOTOGRAPHIC CONTROL

Judgment is sometimes impaired while working at high altitudes, and the picture~

interval program should not be placed at the discretion of the operator. The professional

photographer is often inclined to take more photographs than have been specified. The

cameras are usually loaded with morefilm than is needed, and the operator shoots it

all. In two cases during the Castle operation, this caused the loss of otherwise good

data; but in a third case, it must be admitted, information was obtained which would not
have resulted from the specified program. (However, the information is of value to

' Project 1.1 rather than 9.1.)

It is clear that the photographer must be freed of as many manual duties as pessible.

He should not have too many cameras to operate, the controla should be simple, and
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clearly labeled, and should be as automatic as possible. His duties should be planned,

not to throw certain switches at given times according to a check-list (a timer can do the

job better), bet rather to adjust apertures in accordance with prevalling light levels and

to chase and correct trouble when it occurs. The installation should try to do him out

of his job.

8.4 DIVIDED ASSIGNMENTS OF AIRCRAFT .

Requirements of several programsfor the use of a given aircraft inevitably conflict.

The position of the plane is the perpetual quarrel—-some want itclose in, and some want

it far away; some high, and some low, ard so on. There should be onough planes in the
program to satisfy everyone without forcing compromises between the "near-inners"

and the "far—outers" in the use of a single plane. This is a-partiowarly heartfelt recom

mendation; much valuable data were lost during the operation because the planes were

closer to ground zero than desired. This always resulted in. cloud images extending be~

yond the edges of the picture.

8.6 CAMERAS

It is recommended that a study be made to find a more~satisfactory camera for these

purposes. The modified K-17C cameras are heavy and bulky and are subject to shutter

malfunction. The resulting images are sometimes superb, but aro more frequently
_ worthless, owing to hangover of the shutter. However,-picture quality usually is lmited

by natural cloud interference, the diffuse and nebulous edges of tho atomic cloud, and low

light levels. Large images with high resolution are nice to work with but simply are not
nocessary; it is better to accept smaller images from a more-reliuble camera. On the-

othor hand, it is felt that the 35-mm motion-picture camera is tho minimum frame size;

n 70-mm frame should be about right.

’ The 70-mm frame should be arranged horizontallyto rive a pleture about 24 inches

high and 314 inches wide. Lenses should be available in 3-Inch, 4-inch, and 6-inch focal

lengths and of as wide an aperture as possible. The-camora should hold at least 20 feet

of film, for a total of 60 pictures.

Each installation is visualized as using two 70-mm cameras: Tho first uses slow film

and takes one picture every second during the time fireboll light is shining; the other uses

fast film to photograph with the pr availing sky light. The second camera works on a pro—

gram of increasing time intervals, such as six pictures per minute for 5 minutes, one per

minute from plus § to plus 20 minutes, and one every 5 minutes thereafter. The cameras

shotld be placed on stabilized mounts of the type employed so sucoonafully during

Operation Castle.
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