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SANDSTONE TECHNICAL JNSTRUMEKTATION REPORT 

TOV>ER rHOTCGRAPHY 

I. INTHODUCnON 

Colonel P. T. Cullen, USAF, took a contract to obtain 

the photographic coverage of OPERATION SANDSTONE. The ma¬ 

jor programs involved in this were: tower photography, 

aero photography, and general documentation. Only the 

first of -hese will be described in detail, though there 

was considerable interlocking of the three programa. 

The tower photography program had, as its primary ob¬ 

jective, the problem of securing data for the ball of fire 

expansion rate determination from which the equivalent TNT 

tonnage of each explosion could be obtained. Secondary ob¬ 

jectives were data for shock wave velocity determination 

at later stages and a good documentation of the explosion. 

The conditions necessary for obtaining a photographic 

data record for expansion rate determination are: 

1. A motion picture film record with a time resolu¬ 

tion on the order of 0.1 millisecond. 

2. A negative in the density range of 0.5 to 1.5, 

so that reliable measurements can be made. 

3. An object to film image scale of reduction known 

accurately to about 0.5¾ or better. The factors 

here are camera to object distance, and effective 
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focal length of camera lena. 

4. A film x'elocity known, at the time the film was 

exposed, to an accuracy of 0.2¾ or better. 

5, An elevated camera position so that good visibil¬ 

ity is obtained at the long distances used and 

also to avoid the irregular atmospheric refraction 

which occurs near the ground level. 

Setae of these conditions were relaxed considerably for the 

secondary objectives because of the difficulty in control¬ 

ling them in the short preparation time available, and also 

because of the much longer tiivi see—ss involved. 

Colonel Cullen assigned Hr. R. 1:. Davis as director of 

tower photography and provided him with a crew of twenty- 

seven officers and enlisted men. Headquarters were estab¬ 

lished at Eglin Field, Florida for preparation and testing 

of the equipment to be used. The equipment and personnsl 

were subsequently moved to Eniwetok by air lift and estab¬ 

lished headquarters on the ÜSS Curtiss. The crews lived at 

or near their tower operation and were evacuated for about 

three days at the time of each of the three explosions. 

After completion of the work, all of the personnel and most 

of the equipment were returned by air lift to MacDill Field, 

Florida. 
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II. SITES AND TOWBtS 

A decision was made at an early date to establish two, 

75 loot tower camera positions for each explosion and to lo¬ 

cate these at a distance of five miles or more from the zero 

point. Figure 1 shows photo tower locations. The towers were 

established so tliat thei" lines of view would be at aoout 

90°. This arrangement provided a clear view, would record 

two aspects of each explosion, and avoided or reduced the 

hazards of shock, direct radiation, and radioactive contam¬ 

ination. Remote control operation was accomplished by tim¬ 

ing signals, from a central control point, conducted to the 

station by submarine cables. Duplicate power plants were 

installed at each station to provide a reliable electric 

power supply. The load was carried by one generator, but 

in the event of its failure the load was automatically 

tranierred to the standby. 

The towers (Figure 2) ware provided with a twelve foot 

square cab to house the cameras and control equipment. One 

side of the cab, (Figure 3) was open to allow a clear fiel! 

of view for the cameras, but had the disadvantage that the 

equipment was then exposed to the frsquent rainstorms com¬ 

mon to the area. A small hand-powered freight ele\ „tor 

(Figure 4) was provided to lift equipment from the tower base 

to the cab, but it was of such poor design that it could not 
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Figure 2
General aspect of toror with power plant in adjacent 
housing, lending dock is in foreground.

%

Figure 3
Camera cab ports covered with a light canvas curtain, 
cameras in place. Fastax at upper left, motion pic­

ture cameras near center, aero cameras on floor, and 
dissector camera in the foreground.
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be relied upon to function properly. It should have been 

electric-power driven. A personnel stairway (Figure 5) 

provided on the tower sides. An additional storage platform 

about ten feet below the cab floor should have been provided 

to avoid excessive crowding in the cab. 

III. TRAN3P0ifl'ATI0N AND COMMUNICATION 

Transportation of personnel and equipment to and from 

Eniwetok Island, the headquarter ships, and the site of op¬ 

erations was accomplished by the combined use of small open 

boats and L-5 aircraft. All the islands used had suitable 

landing fields. The use of slow speed open boats was waste¬ 

ful of time and detrimental to equipment because of the ever¬ 

present salt spray. Fast boats equipped with water*- and spray- 

proof storage compartments and suitable loading hatches would 

have been a marked improvement. 

A radio communication network was established between the 

tower stations and the various headquarters. This is an essen¬ 

tial part of the operation, and it was made quite effective in 

use. 

IV. TIMING CONTROL 

Timing signals were provided at -1 minute and -1 second. 

These signals energized relays and started supplementary time 

delays in the form of Industrial timers, (Figure 6). The start¬ 

ing and stopping time of all cameras was controlled, a neces¬ 

sity for the Fastax. The previously-mentioned generators 
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Figure 4
Loaded freight elevator ready for lifting to cab.

Figure 5
Staircase around to\ier and elevator partly raised.
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Figure 6
Relay Ra is tdth Industrial Timers

-9-

v •*’’ -■ * -'• «i‘* .

5^
•v>

il

J::'

v;^.'
V

ti

•vv;

-^v-v 
*** *•'



supplied the AC power, and a storage battery bank the DC 

power. 

V. CAttrftA.S 

A total of thirty cameras were planned for each tower. 

The summary sheet, Table 1, shows the details of the equip¬ 

ment used. Eleven 8mm Fastax cameras were used to record 

the ball of fire growth. Three Mitchell 35mra and three 

Maurer 16mm motion picture cameras were used to record the 

later stages of the ball of fire development. Eight 5” x 5" 

and three 9M x 18'* aero cameras were used to secure large 

scale pictures of the explosion. One Sonne moving film cam¬ 

era was installed to secure the minimum acceptable record of 

the ball of fire expansion. This camera operates for about 

25 seconds and has a time resolution of about one millisecond. 

One O'Brien, image-dissector camera was used for the first 

time to secure a five-million-frame-per-second motion pic¬ 

ture record with rather poor space resolution. 

A large number of cameras was used to insure a reason¬ 

able record being obtained. Some equipment failure was ex¬ 

pected and the exposure range had to be large to cover the 

event in case the equivalent tonnage of the explosion was 

much larger or smaller than expected. 

VI. FILM AND PRGCE-,!ING 

Ordinary negative and also color film were used in all 
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of the cameras except the Sonne and dissector. The film 

was coded with a perforator prior to loading in the cam¬ 

eras. Test film was processed in the photographic labora¬ 

tory on the US3 Curtiss but the explosion film was sent to 

Consolidated Film Industries, Eastman Kodak Company, or the 

Soiling Field Laboratory, depending on the film type. Some 

dificulty was encountered with the proper processing of the 

16mm motion picture film at Los Angeles despite the fact 

that a Los Alamos representative was present. 

Three tcwer camera runs were made for each test. The 

(¿ueen test was run to secure a set of daylight photographs 

of the zero area with all cameras. The Peter test was a 

final rehearsal to determine proper operation of all equip¬ 

ment and made use of a zero tower photo-flash light at zero 

time to act as a reading fiducial on the film. The final 

camera run was made at the time of the explosion, with ex¬ 

posures adjusted to properly record an object brightness 

8 2 —2 2 
range of 10 cd/cm to 10 cd/cm . 

VII. RESULTS 

The results obtained from all the toner installations 

were very good. In all cases the cameras operated at the 

correct time. There were a few camera operation failures 

but in no case was there a complete failure for any type 

of camera. Table 2 contains a preliminary evaluation of 
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TABLE 1 

TOWER CAMERA EQUIPMENT SUMMARY 

CODE CAMERA LEUS FOCAL SPEED FILM RUNNING CAMERA 
NUMBER TYPE LENGTH Mí FRAMES/SEC TYPE TIME SEC VOLTAGE 

Fl Fa s tax 8 
F2 Fastax 8 

• F3 Fastax 8 
FU Fastax 8 
F5 Fastax 8 
Fé» Fastax 8 
F7 Fastax 8 
F8 Fastax 8 
F9 Fastax 8 
FIO Fastax 8 
FU FAstax 8 
M12 Mitchell 35 
1Û3 Mitchell 35 
104 Mitchell 35 
N15 Maurer 16 
N16 Maurer ló 
KL7 Aero 9"Xlß" 
K18 Aero 9"X18'' 
K19 Aero 9"H8" 
L20 Aero 5"X5n 
L21 Aero 5^511 
L22 Aero 5"15" 
L23 Aero 5nX5" 
L24 Aero 5"X5" 
L25 Aero 
L26 Aero 5MX5" 
L27 Aero 5"X5" 
528 Sonne 
029 Dissector 
B30 B & H ló 

400 
250 
100 
100 
100 
400 
250 
100 
100 
ICO 
100 
450 
100 
35 
63 
25 

610 
610 
610 
508 
508 
508 
508 
508 
508 
508 
508 
150 
40 
25 

10,000 
10,000 

10,000 
10,000 

10,000 

10,000 

10,000 
10,000 
10,000 

1,000 
1,000 

96 
24 
12 
64 
24 

0.33 
0.33 
0.33 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 

1 Meter/sec 
107 
128 

Pan 
Pan 
Pan 
Color 
Color 
Pan 
Pan 
Pan 
Infrared 
Pan 
Pan 
Pan 
Pan 
Pan 
Color 
Color 
Pan or Color 
Pan or Color 
Pan or Color 
Pan 
Pan 
Pan 
Pan 
Color 
Color 
Color 
Color 
Pan 
Pan 
Color 

1 
1 
1 
1 
1 
1 
1 
1 
1 
5 
5 
80 
650 
1300 
250 
650 
150 
150 
150 
45 
45 
45 
45 
45 
45 
45 
45 
25 

0.005 
30 

180 
180 
180 
180 
180 
180 
180 
180 
180 
35 
35 

110 
110 
no 
no 
no 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
no 
110 
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ABSTRACT 

Photographie recording was used on Project Sandstone for 

four primary purposes: 

1. To afford basic scientific studies and evaluations 

of nuclear fission explosions and their results. 

2. To gather material from which Military meanings 

and implications may be drawn. 

3. To show how this project was accomplished. 

4. For indentification photographs and badges. 

To accomplish adequately the recording of the first three 

categories responsibility for photographic recording of 

the various aspects of Project Sandstone was divided into 

three main units : 

1. Tower photography 

2. Air photography 

3. Documentary photography 

The Photo Tower unit was established to gather the basic 

scientific photographic material from which efficiency of 

explosion studies could be made. Secondary purpose was to 

gather any other pertinent scientific data that could be 

obtained without compromise of the primary objective. Ter¬ 

tiary objective was to record any phenomena that could be 

used for military study of the effects and meanings, for 



indoctrination of military personnel in the meanings and 

implications of Atomic bomb warfare, and to gather mater¬ 

ial for demonstrations of the phenomenon and effects of 

Atomic bombing. 

A USAF Air unit was established to supplement the tower 

scientific findings, to use their elevation for gathering 

data and recordings unobtainable from the towers, and to 

gather early period documentation of the blast and its re¬ 

percussions. Eight documentary photographic teams were ac¬ 

tive during the project to record the various ways in which 

each phase of the entire project was conducted. 

This paper is the report of the Director of Tower Photog¬ 

raphy. 
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I. PUNNING CF THE HIOTO TOWER OPERATION 

A. RECOGNIZED VARIABLES 

1. Positioning of Temara 

Early resolution of the problems surrounding the fol- 

1owing variables was necessary in order to have a realistic 

approach to the accomplishment of the mission* The posi¬ 

tions of three "Zero" towers had been chosen on the various 

Islands of the Eniwetok Atoll (as shown in Appendix I, 

Kioto Tower Physical Relations). It was decided to use two 

self-contained automatically operating, remotely-timed pho¬ 

tographic towers for each of the test bombs, X, I, and Z* 

(See Appendix II, Description of Kioto Towers.) The towers 

were to be spaced well away from the blasts so that Gamma 

shielding would be unnecessary and so that special precau¬ 

tions against blast damage would not be required. The tow¬ 

ers were to be automatic so that men would not be required 

for their operation nor to be in attendance during the 

twenty hours previous to each of the explosions, this to 

preclude the possibility of radio-active poisching to any 

personnel. The positions of the Photo Towers were deter¬ 

mined on the basis of ease of construction and access as a 

first requirement, and on the basis of photographic charac¬ 

teristics secondarily. To obtain approximately right angle 

views for each pair of towers on each explosion it was 

- 10 - 
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decided to place one tower on a Coral Head in the Lagoon« 

this tower to be used for each of the explosions. Three 

other towers were to be established« each to be used only 

once. Therefore« towers were constructed near the ionon 

and Runit Zero towers while the third one was placed on 

Aniyaanii. The distances of each of these towers from the 

blasts« the direction of view« and their relative positions 

are shown in Appendix I. 

2. Time Signals 

Time signals were to be supplied via submarine cable to 

assure dependability of time operation of the photographic 

equipment. The time required to develop dependable radio 

links for this was greater than the time available. The 

need for late changes in time of explosion precluded the use 

of automatic pre-set time control mechanisms. Two predeton¬ 

ation signals were decided upon for the control of the cameras! 

a one-minute signal and a c.'.e-second signal. The one-minute 

signal was to start electronic and motor driven equipment that 

required time to come up to speed or to warm up for stable 

operation. This signal needed only a five-second accuracy. 

The one-second signal was to activate the timing units which 

would then control the cameras. The decisions about time 

control were made concurrently with the selection of the cameras 

to accomplish the necessary photography. See Appendix VIII« 

Time and Sequence Controls. 
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3» Brilliance Latitude 

The Curve giving Brilliance with respect to tine of a 

Nuclear Fission explosion (Appendix 111, Brilliance versus 

Tins), demonstrates tiro phases of Atomic Bomb explosion 

analysis that are greatly different from most other types 

of photographic recording» (1) the brilliance latitude is 

very great and (2) the tine latitude is great. It «as nec¬ 

essary to choose cameras to cover brilliance from approxi¬ 

mately $00 Suns (best pre-X guess obtained) down to lass 

than first magnitude stars. A great number of ixportant 

phenomena are manifest in the first few microseconds of 

the explosion, and yet some of these continue for several 

minutes. It must also be appreciated that some of the pho¬ 

tographic ability must be reserved for unusual events in¬ 

cluding low order fissioning and detonating malfunctions. 

The accompanying list (Appendix IV, Camera Selection), 

shove the choice of the cameras and their settings to cov¬ 

er the time, brilliance, and unusual event latitudes. 

4. Timing Latitude 

The short time periods encountered in this type of re¬ 

cording usually suggest high speed motion photography. In 

addition, series of still pictures can give valuable scien¬ 

tific and documentary evidence. The most valuable feature 

of large scale still original pictures is their photographic 

- 12 - 



quality and ease of analysis. It was therefore decided to 

use controlled cycled banka of aerial cañeras to produce 

series of pictures fron which could be extracted exacting 

analysis. By placing Billisecond tine narks on the Fastax 

films fron which phenomena relations could be determined, 

the tine sequence of the still series cam be determined. 

It was therefore decided not to attempt to develop an abso¬ 

lute or relative tine system for the aerial stills at that 

time because of the short period remaining for that develop¬ 

ment. 

5. Indoctrination 

One of the more important aspects of Atomic explosion 

photography is the accumulation of pictorial evidence for in¬ 

doctrination of Military organisations and personnel, the 

people who must intelligently use these weapons if they are 

to be worth developing. Additional cycled sequences of Aero 

Color cameras were added to supply dramatic quality photo¬ 

graphs for indoctrination. Appendix IV shows these sequences 

and their settings. 

B. EQUIPMENT SELECTION AND DESIGN 

1. Camera Selection. Hi^h Speed 

The primary function of the Photo Tower mission was de- 

tennlned to be the recording of initial phenomenology for 

13 



studies leading to deteroinationa of the efficiencies of 

the explosions. To record adequately these initial phenom¬ 

ena photographic speeds in excess of 6»000 frames per sec¬ 

ond are needed. It was therefore concluded that only the 

8mm Fastax Cameras would suffice to accomplish this job» 

no other standard usable cameras being available. The 

original plan was to run these cameras at speeds up to 

16,000 frames per second, but the cameras were determined 

to be unreliable at these speeds. The time required for a 

Fastax to expose its entire capacity of 100 feet of film 

at a terminal rate of 16,000 frames per second was deter¬ 

mined to be less than three fourths of a second (see accel¬ 

eration curves Appendix V, Fastax Acceleration Curves, for 

relative effects). In consideration of the amount of film 

unusably exposed in starting and the very short time re¬ 

maining for recording remaining in conjunction with timing 

inconsistencies and camera unreliabilities, the speeds of 

operation were reduced to those shown in Appendix V. The 

quality of the photography of the Fastax is rather poor, 

especially so in the 8mm version. The next fastest procur¬ 

able cameras for this type of recording were the Eastman 

high-speed models. It was decided to place all of the 

Eastman cameras in the air unit where the extremely high 

speeds were less important and definition die crimination 
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of sore value. This had the additional advantage of keep-- 

ing all of one kind of camera in one unit, all of the other 

in another unit, thus facilitating maintenance and reducing 

the numbers of typea of units vithin an organisation. 

2. Camara Selection. Motion 

The best high speed movie cameras available were flitch- 

ell 35mm cameras. It was therefore decided that for high 

quality, high speed movie recording, one Mitchell Hi-Speed 

would be mounted in each tower. Two Standard Speed Mitchells 

were also decided upon for each tower, these to give the bas¬ 

ic documentary and indoctrination motion photography in color 

and in black and white. The high speed Mitchells were orig¬ 

inally set to be operated at 128 frames per second. The de¬ 

pendability of the camera is seriously reduced at this speed, 

so they were slowed down to frames per second. A BUS was 

then added to operate at 128 frames per second to obtain this 

high speed coverage. Two Maurer l£ mm movie cameras were 

added to give color coverage of the initial documentary per¬ 

iods. 

3. Camerf. Selection. Aero Still 

The large area negative for exacting analysis was al¬ 

lotted to two types of cameras: (1) the Aerial K-22 (9,,x9,, 

negative) with forty inch lens and (2) the Aerial K-18 
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(9" X 18" negative) with twenty-four inch lens. The early 

tests conducted with the K-22 determined that a great deed 

of maintenance troubles would be encountered, the space re- 

quiremeats great, and the dependability low. These cam¬ 

eras were discarded in favor of using three of the K-18s 

in a cycled bank in each tower. The K-18 operated under 

run-away conditions (i.e., if the exposing trigger is held 

down or if the electrical tripping pulse is the 

camera will continue to take successive exposures as rapid¬ 

ly as it rewinds itself) will ordinarily take a picture ap¬ 

proximately every three seconds. By cycling three cameras 

fron a single control pictures may be obtained uniformly 

spaced at one-second time intervals. Because color tas 

some advantages and some disadvantages it was concluded 

that the bank in one tower would be in color and in the 

other tower in black and white. 

4. Camera Selection. Special 

The Aerial K-24 (4-I/2" x 5" negative) is a fast re¬ 

winding camera which takes high quality negatives. It was 

decided to use these in banks of four, each bank cycled to 

give one exposure every 1/lOth second. Each bank would 

then give a series of pictures in large sise high quality 

negatives that could be related to the Fastax time-phenome¬ 

non. It was further decided that two such of four 
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cameras each would be installed in each tower; one exposing 

black and white, the other exposing color. One serious 

drawback to the K-24 was recognized; its dependabilit7 is 

poor, but ty careful selection of cameras, careful mainten¬ 

ance and adjustment, and by using large numbers of cameras, 

it was concluded that the basic series of negatives desired 

could be had. 

The Sonne S-7 Aero strip camera can be used to give a good 

"smear11 type of photography of the expanding explosion. 

One Sonne was added to each tower and a 1,000 cycle pip 

marker was added to the side of the negative so that the 

phenomena recorded by the Sonne could be related to those 

recorded by the Fastax. The 1,000 cycle pip was later re¬ 

duced to 120 cycles, because the rate of travel of the film 

was so slow that the 1,000 cycle pips overlapped into a con¬ 

tinuous smudge. 

An O'Brien type image dissecting camera capable of extreme 

high speed recording (exposed 60 cm. of 16mm film in 5 mil" 

liseconds) was added to each tower to give very short time 

coverage of the very initial explosion. The O'Brien can* 

eras were the highest speed cameras currently available for 

this project. 
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5. The Towers 

The towers into which all the above selected cameras 

were to be mounted had been specified by AEC as being the 

standard Navy Radar tower. This tower is essentially a 

seventy-five foot steel skeleton with a sheet metal covered 

cab of external dimensions twelve feet square by eight feet 

high. It was further specified by ABC that an aperture two 

feet high by ten feet wide be left in the appropriate faces 

of these towers to be the opening through which the cameras 

would receive the light from the explosion. Early mounting 

trials indicated that the type of mounts required for the 

placement of the already selected cameras imposed an undue 

loading and servicing problem upon the Photo Tower crews. 

It was therefore decided to vise also the standard window 

opening which existed in each side of the towers. The de¬ 

sign then evolved into a system of mounting the Fastax com¬ 

plement upon two horizontal frames across the front of the 

window facing the explosion while the remaining cameras all 

mounted facing through the ten foot aperture. 

6. Rotation of Cab 

A further complication arose in the case of the Coral 

Head Tower which was to cover each of the three blasts. It 

faced essentially North to cover the X blast. This placed 

ï blast at approximately 450 from the North face of the 
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tower. The Photo Tower Director requested that the cab be 

mounted upon a steel plate which would ride upon another 

steel plate secured to the top of the tower steelwork in 

such a manner that the top steel plate would be rotatable 

in respect to the second plate, thus allowing the cab to be 

rotated. The Arny engineer in charge of the construction 

of the steel towers rejected this method because of the time 

implications and the additional field work required. It was 

therefore necessary to design camera mounts that would be 

used facing through the north aperture for the X explosion, 

face diagonally through both the north and east faces for 

the Y explosion, and then face within a few degrees of east 

for the Z explosion. 'This was accomplished in a reasonably 

satisfactory canner by constructing an extra set of mounts 

upon which the diagonally mounted cameras were installed for 

the Y day explosion. 

7. Camera Mounts 

The mounts were constructed primarily of steel angles 

and chrome-molybdenum tubing with ply-wood floor bases. The 

ply-wood sections were used because of the uneven structure 

of the floor of the cab. Construction details are included 

in the documentary photographic coverage. (See also Append¬ 

ix VII, Camera Mounts.) 

- 19 - 

ill'.!. ' l 

*•,.-- ^ .V 

\ 



' U. ! ■ J V." - ' * ' ••. miw'iv IV wny . «, Trrvr -PW- 

kü 

i * 

l • 

8. Autoiaatic Towers 

The tine control problem became complex because of (1) 

the requirements that the tower be completely auto job tic, 

(2) the wide range of types of cameras, (3) the great range 

in operating speeds which gives a similarly great range In 

operating time, (4) the necessity that high speed Fastax 

cameras be stopped immediately upon exhaustion of their 

film and not before it has become exhausted, and (5) the 

time factor which precluded the design and construction of 

the best type of control devices. Because of the late 

start in selecting and procuring the detail planning people 

for the photographic recording aspects, the controls for 

the Fastax cameras were ordered from the Fastax manufac¬ 

turers at the time that the cameras were ordered. The tins 

controls that they supplied were strictly laboratory type 

control mechanisms (see Appendix VIII, Tine and Sequence 

Controls) in two varieties. The 626 were supplied to con¬ 

trol the high speed Fastax cameras while the simpler 623 

were supplied to control the standard speed Fas taxes. AH 

thirty of the 626 "gooses" were used while none of the six¬ 

ty 623 "goslings" were used. Individual laboratory controls 

of this type inevitably lead to a great confusion of cables 

and connections which are a great liability in field test¬ 

ing work. It was concluded that it would be necessary to 
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construct motor-driven cam and micro-switch units for the 

control of the series-cycled aerial cameras and to control 

the starting and stopping of the movie types with industri¬ 

al time delay and duration timers. 

9. Tiro Control Equipment 

The basic time signals to set the various time-delay 

timers and duration timers into operation were to be sup¬ 

plied through submarine cables to two Raytheon railroad type 

relays (see Appendix VUI, Time and Sequence Controls). 

These were to be calibrated by the basic timing station to 

close at one minute ± five seconds before detonation, and 

at one second * 0.02 seconds before detonation respectively. 

From therja relays circuits had to be designed to control the 

starting of all equipment both for the starting and for the 

stopping of the cameras and auxiliaries. Dependability of 

operation and quality of photography were established as the 

two guiding principles. The equipment dependability, admit¬ 

tedly the hardest to obtain with a conglomerate mass of var¬ 

ious types of laboratory-type time-control apparatus con¬ 

sisting of many relays, solenoid-operated, fast-acting 

clutches and small motor-driven "gismos", etc., was compli¬ 

cated by a maze of wiring and cables and a tropical climate. 
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10. Rack and Panel Construction 

It was concluded that a neat, rapidly-moveable series 

of units could be assembled by using rack and panel tech¬ 

niques. Appendix DC, Rack and Panel System, shows the 

schematic layout that was planned for the series of racks 

and panels. Each of the eight individual racks would be a 

complete entity in itself capable of being boxed as it was. 

The equipment would all be mounted, wired and ready for use. 

Heavy components were to be mounted to the frames, the light¬ 

er components to the swinging panels on the front« This 

type of construction allows rapid and complete inspection 

and maintenance. This plan was evolved to make it possi¬ 

ble to move the ciated equipment to the test ground where 

it could be set up without protracted wiring or connect¬ 

ing. All that would be necessary would be to bolt the 

eight racks together, connect the series of connectors 

mounted as an integral part of each rack, and then connect 

the camera harness to the cameras. The test panel was de¬ 

signed to test the time and sequence of operation of each 

component, determine the electrical state of each circuit 

and component on that circuit, make possible exact time- 

voltage-current-speed curves for each camera or operating 

component, and to give a visual light indication of readi¬ 

ness to operate. This type of construction gives minimum 



time delays in establishing a station and in determining 

the degree of readiness of the equipment. It requires 

some additional work and procurement in the assembly stages 

in the ZI, but it so greatly simplifies the problems encoun¬ 

tered in field test that it far more than pays for these 

slight initial drawbacks. 

This system failed to materialize because of the failure of 

procuring agencies to supply some of the needed components 

in timo. The panels arrived only five days before the de¬ 

parture dead-line and the connectors were delivered even la¬ 

ter. The oscillograph and the oscilloscope were not procur¬ 

able and the switches for the test panel that were finally 

delivered were of the wrong type. 

11. Time Mark Generators 

The time mark generator procured to supply the milli¬ 

second electrical pulses to the Fastax Argon glow lights 

was a Potter Decade (see Appendix X, Potter Pulse Generator). 

These are very high quality and completely satisfactory 

units for this type of marking. 

12. Electrical Fusing 

It was also concluded that all electrical equipment 

and the associated circuits would be fused for each indiv¬ 

idual piece of equipment and that those fuses would, in 

3C3 
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man/ instances, be of greater than normal current capacity. 

The principle being, in the interests of dependability, 

that it is much wiser to protect the system as t whole 

against individual equipment failure than it is to protect 

the individual equipment. The system was therefore fused 

so that no individual piece of equipment could fail and 

cause other equipment to become inoperative. This was to 

be carried out to the point where any individual piece of 

equipment might destroy itself and still be supplied power 

to keep operating as long as possible without jeopardy to 

any other component. This approach was to be followed 

even to the extent of by-passing the main-circuit breakers 

of the power supply and disconnecting temperature and oil 

pressure safety shut-down devices on the main diesels. 

This applied only to X, X, and Z Days. During test opera¬ 

tions and preparations these safeguards were left in oper¬ 

ation. 

13, Aperture Closure Probleme 

The problems encountered in the use of the photograph¬ 

ic apertures in the cab of the towers were never satisfac¬ 

torily solved. (See Appendix XII, Cab Aperture Problems.) 

The apertures must be open at the time of exposure of the 

film but if they are left open for twenty some hours before 

detonation, rain blows in. There is also the danger of the 
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intense sunlight burning holes in focal plane shutter, of 

the heat causing separation of the elements of the camera 

optical systems, of salt accumulation on the front lens el* 

ements, and of the gathering of dust in and on the equip¬ 

ment. Several systems were discussed. The short time re¬ 

maining precluded the development of an entirely adequate 

system. Canvas curtains hung on bomb release mechanisme 

were devised but these were only used to close the aper¬ 

tures between tests. They were always lowered before final 

departure of the tower preceding a test. Problems encoun¬ 

tered centered around wind loading and dependability. It 

must be appreciated that if the curtain failed to open all 

photography was lost, while if rain blew in only part of it 

might be destroyed. 

I4. Power Sources 

The types of cameras so hurriedly acquired required 

both A.C. and D.C. power. Again the time was so short that 

the best solution could not be effected and the problems 

were resolved by planning to use two I5 kw., 3 phase, 220 

volt, diesel power plants connected in parallel standby and 

two 7.5 kw., gasoline driven, D.C., 28 volt, generators con¬ 

nected in parallel to supply the power required for each 

tower. These plants adequately handled the anticipated 

load with no difficulties. 



Appendix XIII, Power Circuita, gives the block and schema* 

tic diagrams of the circuits devised, and explains why they 

were constructed. The problems encountered are explained 

also. 

15. Spares 

Because of the difficulties of repair and maintenance 

of the delicate camera and control equipment under tropic 

equatorial conditions of high humidity and heat it was con¬ 

cluded that the best course of action was to assemble three 

complete tower loads of cameras, mounts, time equipment, 

etc., and to do only first echelon maintenance in the field. 

In addition to the third tower load of equipment certain 

categories of spares were expanded where these items were 

available and deemed necessary. 

C. PERSONNEL SELECTION, TRAINING AND ASSEMBLY 

1. Selection and Training 

The personnel for the Photo Tower crews was selected 

by two methods. The Commanding General, 311th Air Divi¬ 

sion, Reconnaissance, asked for certain individuals by 

name. The remainder were obtained from the Departments of 

Arny, Navy, and Air Force by allotting to each the number 

of personnel that it was desired that they furnish. These 

departments then asked the various commands within them 
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each to supply a given number. Some units within the Air 

Force were then asked to supply additional personnel. The 

caliber of personnel thus received was surprisingly high, 

most units doing an admirable job in supplying the highest 

caliber men within the rank for which they were asked. As 

the men became available they were sent to Eglin Field for 

training. It was necessary to use the first arrivals in 

the construction of the equipment and in the gathering of 

the materials for much of the work. After this was under 

way training in the use of the equipment was undertaken, us¬ 

ing a wooden model tower constructed at the Eglin Field 

proving ground. Two teams were formed and trained to assem¬ 

ble and install the equipment and to conduct a complete 

test. 

2e Clearance Considerations 

It is important to have a selection of men with appro¬ 

priate clearances. If the clearance system is not adequate 

serious repercussions can increase the required effort tre¬ 

mendously. It is extreiely important that requests for 

clearances be made very early, as long periods are required 

for the clearance system to produce results. 
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D. ESTABLISHMENT OF FILM REQUIREMENTS AND CONTROL 

1. Film Requirements 

The film requirements established for the Photo Tower 

mission Tere based upon a fully-loaded manned-tower day¬ 

light test designated Queen Day; a fully-loaded evacuated 

night test designated Peter Day (to be conducted with coi> 

plate evacuation just as for the final tests); and a full 

spare load of film for the final test in addition to the 

film required in the loaded cameras for the test. This re¬ 

quired four loads of film for each of the two towers for 

each of the three tests, or a total of twenty-four tower 

loads of film. Appendix XIV, Film Requirements, shows the 

breakdown of the film and the required deadline dates* 

These dates were established on the premise that the film 

should not remain in the tropic latitudes any longer than 

was absolutely necessary and should, therefore, arrive at 

the latest practical date before use* Failure of contract¬ 

ing agencies to deliver film to the ZI film control office 

by the contract dates together with transportation system 

delays, necessitated the substitution of some of the planned 

types of film for film of other categories and resulted in 

the curtailment of the Queen-X-Day tests* The test summar¬ 

ies preunted later show the actual film utilization which 

was necessitated by the film delivery inadequacies. 
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Additional film for documentary purposes was also shipped to 

the Tower documentary team. 

2. THim Unrkinp System 

Letter of 27 February 1948 from Headquarters 3Hth Re¬ 

connaissance Wing (Appendix XV, Film Marking System,) ex¬ 

plains the film serial numbering system and explains how to 

mark and slate film. This system is adequate for ordinary 

documentary photography but was envisioned as being inade¬ 

quate for the peculiarities of the Photo Tower requirements. 

Paragraph 4» Part 1 specifically states how film will be 

slated or marked with greased pencil. Fas tax film as used 

by the tower setup cannot be either slated or reliably pen¬ 

ciled. It is extremely difficult and completely unsatisfac¬ 

tory to try to slate the Mitchell and Maurer cameras. There¬ 

fore the system of perforating negatives as used by Kodak 

was investigated and perforators as described in Appendix 

XV were ordered and the system of Mark and Punch there ex¬ 

plained was established. The perforators did not arrive in 

time for the X-Day test, but did arrive soon after and the 

system has been entirely satisfactory for field use. The 

value for analysis of the first Queen test Fastax results 

were lost because the waxed crayon marks were obliterated 

in processing. The film on all subsequent tests has been 

perforated with resultant positive identification. It is 
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importent to perforate film to be developed by Kodak and 

other commercial agencies "inside^ of the emisión number 

of the negative. Unless special arrangements are made the 

commerical concerns cut off the leader and trailer includ¬ 

ing the emulsion number. 

3. Test Film Development 

The original Photo Tower plan did not require the de¬ 

velopment of test Queen or Peter film. The field opera¬ 

tion has shown this to be a severe oversight. Film has 

been developed aboard the USS ' irtiss (AV-4) and this has 

been of inestimable value. A field unit must be able to 

determine accurately and quickly what gross errors it is 

making. Alignment, calibration, and malfunctioning charac¬ 

teristics must be determinable in short order. 

£. PACKING AND MOVING 

1. Preparation 

All the equipment and personnel to depart the ZI for 

the Proving Ground were assembled at itacDill Field. The 

personnel were given their overseas medical examinations 

and final paper work was accomplished. The equipment was 

packaged and made ready fcr loading. After packaging the 

equipment was segregated by tcwer destination to expedite 

the delivery of the appropriate items to their proper 
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location within the proving area. After segregation the 

coi’ners were painted with distinctive color codes signify¬ 

ing the destination of the equipment. This turned out to 

be a valuable addition to the moving plan. It helped to 

expedite the movement of the first required items to the 

places they were needed and helped to simplify the problems 

of segregation and movement within the theater. 

2. Moving 

When dealing with the types of equipment involved in 

this kind of photographic recording it is important that 

the equipment not remain in the tropical humidity longer 

than is absolutely necessary. The date of departure from 

the ZI was therefore made as late as was deemed practical. 

The movement schedule was established (guaranteed by the 

moving agency) but five emergency days were allowed in the 

planning for the establishment of the field operation. The 

schedule of movement called for leaving MacDill Field on 

iferch 16 with all personnel and equipment aboard a single 

C-74 Aircraft to proceed to Fairfield-Suisun and there to 

reload into five C-5A Aircraft for movement to Eniwetok to 

arrive on the 20th. The first C-54 departed Fairfield on 

schedule and arrived Eniwetok two days late because of se¬ 

curity delays at Hickam Field, Oahu. The last of the Air¬ 

craft arrived Eniwetok six days after scheduled arrival. 
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Tha intermediate Aircraft arrived either four or five days 

after schedule. These delays very seriously threatened to 

ruin the operation of the Photo Tower group. It was only 

because the five emergency days had been left in the plan¬ 

ning schedule that the tower equipment was ready to oper¬ 

ate on the first test date. With these emergency days 

lost it was extremely fortunate that no other emergencies 

arose. A bad weather period, for instance, when boats 

could not operate to the Coral Head Tower would have been 

disastrous. 

F. PHOTO TOWER CONSTRUCTION 

1. Tower Elevator System 

An early inspection trip of the testing site was nnde 

to determine the adequacies of the Photo Towers. There 

were several aspects of these seventy-five foot towers 

that needed immediate improvement to make them acceptable 

to the operation as planned. The elevator system as sup¬ 

plied with the towers (for details see the documentary 

photographs in Appendix II, Description of Photo Towers^ 

was a complete failure for several reasons. The guide 

rails were net straight, were not aligned and were origin¬ 

ally installed wrong. This caused the very fragile eleva¬ 

tor platforms to jump the track. Because the elevator is 
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lifted by a point well below its center of gravity the el¬ 

evator turns upside-down when off of the track and jetti¬ 

sons all of its load unless the load is lashed in place. 

The wheel structure and wheel mounting, in addition to the 

wheels themselves, are entirely inadequate for the job re¬ 

quired of then. The basic concept of this particular ele¬ 

vator is poor. The winches supplied with the elevators 

were completely unusable. These things were discussed with 

the Army Engineer who agreed that they were wrong *nd had 

all the winches changed. The new winches were good ones, 

but the energy required by a person to lift a load to the 

top of the towers is great. This type of lift should have 

been power driven, especially on the Coral Head. The winches 

on the Island towers were rarely used. The hoist on the 

weapons carrier was connected to the cable and this sufficed. 
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2. Tower Platform 

During this same early trip it was requested that a 

platform be built on the steel structure Just below the cab 

level. This platform was to be used as a working level to 

prevent so much fron having to be done within the crowded 

cab. It was also to serve as a storage area for batteries 

and radio gear and as a clean place in which to uncre4' ’ ..e 

cameras and timing gear, and for storage of the i-acee which 

were needed to return the equipment. The Arny Engineers 
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vert unable to construct the platfora and the operation had 

to be conducted without it, thus increasing the work load 

upon the tower crew. The tower crew built a partial plat* 

fora on the Anlyaanli Tower in half a day. 

3* Coral Head Xaprovenante 

Aleo during this inspection trip, it was observed that 

there was no realistic method of unloading equipment onto 

the Coral Head platform. Two things were requestedt a 

float alongside of the tower onto which boats could be off¬ 

loaded, and a simple crane for lifting heavy items onto 

the platform. The crane was built, but it was rigged so 

low that things could not be lifted onto the platform with 

the crane alone. The float was never acconplished. A 

small platform near water level was eventually installed 

(after X-Day, after most of the equipment had already been 

wrestled aboard.) 

4« Aerial Transportation 

The Inter-Island Airways using L-4s and L-5s was a 

very great help in the accomplishment of the mission. Uti¬ 

lization of four-place aircraft in place of the two-place 

aircraft would have further expedited the operation. A 

workable system of priorities for necessary travel would 

have improved the operations even more. 
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II. FIZLD ACCOMPLISHLENT OF THE PHOTO TOWER MISSION 

In addition to the foregoing discussion of the prepar¬ 

ation for field operations, many techniques were devised 

after arriving "on location." These are described in con¬ 

junction with an account of the actual operating proced¬ 

ures established after arriving in the theater. 

A. INITIAL THEATER OPERATIONS 

1. Transportation Failure 

Upon arrival of the first C-54 load of equipment »«y* 

men at Eniwetok, transportation was requested for the men 

and equipment to the Coral Head Tower. The transportation 

system failed immediately. There were not enough boats 

(LCMs) available at Eniwetok to make any available for 

transportation of tower equipment on other than already 

scheduled trips which would carry the equipment at the con¬ 

venience of the people already scheduling the boats. The 

truck and jeep transportation previously promised for the 

Photo Tower operations had "disappeared" into other opera¬ 

tions. It was approximately fifty hours after the arrival 

of the first aircraft before the first of the equipment 

started moving to the Coral Head. As a result of this de¬ 

lay, a meeting was called between the scientific director, 

the operational director's office, and the Photo Tower 
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director. JTF 7.1 voluntarily undertook to supply the 

needed vehicles out of their supply and further reoriented 

the operation of their boats to moke available the neces¬ 

sary water transportation for the Photo Tower operations. 

2. Personnel Distribution 

A temporary office was established in the AEC VIP quar¬ 

ters from where the initial operations were conducted. As 

the aircraft and equipment continued to arrive the men were 

sent to the Coral Head with the equipment for that station 

until all the heavy moving was accomplished. The men were 

then segregated into three main groupsi those that were to 

man the "moving" island tower, those that were to man the 

Coral Tower, and thos? that were to assist in major noves 

and incidental jobs. The personnel listing shows the actual 

distribution of the men and their specialties. See Appendix 

XXV for this listing. As soon as all of the equipment had 

arrived and was distributed either to the Coral Head, the 

island tower (Aomon Island being used at this time), placed 

in storage on Eniwetok, or placed in storage upon the USS 

Curtiss (AV-4), the office that had been established upon 

Eniwetok as headquarters was moved to the Curtiss. At this 

timo the crew for the Coral Head was staying on the island 

of Runit where they continued to stay until evacuated from 

the island for the Zebra test. The Aomon Tower group 
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stayed on Aomon while that tower was being attended, moved 

to Runit for the Runlt Tower's operation, then continued 

to live on Runit until the Aniyaanii tower was operational 

at which time the crew moved to the Curtiss* 

B. SETTING UP THE T077IRS FCR X-ilAI 

1. D. C. Power Troubles 

The two towers to be used for the X-ray test were to 

be the Coral Head and the Aomon installations* These were 

set up as planned with the exception of the power situation* 

The 28-volt Waukesha power units supposedly shipped aboard 

the AV-4 were not located. Several improvisations were 

tried before a satisfactory solution was evolved. Six 

small gasoline-driven generators were borrowed, tut upon 

delivery these turned out to be without fuel tanks or water 

cooling and circulating systems. The rectifiers that were 

installed with the SCR 603 radio sets were then connected 

into the heavy industrial standby batteries that had been 

brought for emergency stabilisation. This system was de¬ 

vised as an emergency one tut continued to be used through¬ 

out the operation as being satisfactory and in lieu of any¬ 

thing better being available. 

2. icatiens 

During the X-ray setting up, operations were seriously 

* * M "*•**'< 

A -V ..** A 
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handicapped by inadequate communications. The inter-island FvV;><-\i 

telephone system was overloaded and the routing from island 

to island and to the ships was such that in many instances ¿¿¿AktOtâÁ 

intelligence was almost impossible to transmit over the sys¬ 

tem. Four SCR 247N aircraft radio transmitter and receiver 
1' ’ *•* 

sets had been brought along to tie the Photo Tower opera- 
- • .... , ! 

tions together in the event of just such an emergency. Per- >?'**' 
V.AV-W.i 

mission to use these was not granted. Instead SCR 608 ra- ! 
t;-- 

dios were installed with frequencies in the technical net 
. "j. . "jii 

set aside for the Photo Tower operations. After an initial r?.‘-V 

period when the net was being established and de blagged, and ji-Vv-V-; 

after it was made plain to the appropriate personnel that 
Jt_ï 

the Photo Towers must have communications, the technical net V 

became operational and was from then on reliable and satis- 

factory. (See, also Appendix XVI, Communications. ) j,. /.i 
jfe—.. 

C. EVACUATION PROCEDURES 
1 N ; 

■ 
. i 

% . * 

1. Film Delivery t 
' • i 

A policy had been established creating the necessity 

for the evacuation of all Photo Tower personnel by O6OO on KV-'W 
1'.' 

D-l, It was also established that film would not be left 
'f ~ 

in the towers for a longer period than was absolutely neces- •- ^V'/"'/- 

sary. The O6OO deadline was unnecessarily early and was re- v.. 
• • - . * . 

vised to be 1000 hours D-1, This allowed for the delivery 

4 » a, m a 

.y-.--;.- 
- 38 - 

V-'AV-’.- 

• *. w* .* •“ 

• ; 

.- .--.-1-.-.- -.--.--.--.--.--.-- a a .--.-- .--i--.--.--.-- .---■'vWvw-- - -,vv** j-•'v"-. ’-:- -.-'“.-’- 

1~. r-. -- - i'..-'-. i.»--- - *-■ ^ - 



of the film on D-2. For Peter X, X, and ï operations the 

film was delivered to the tower on the morning of D-2, thus 

requiring the film to remain in the towers approximately 

forty hours before scheduled detonation. For the Z-test 

the film was held aboard the AV-4 in the air-conditioned 

laboratory until after the 1700 weather determination and 

briefing on D-2, The boats were then dispatched to each 

tower simultaneously. This method reduced the probability 

of the film remaining in the humid air for excessively long 

periods in case the test was delayed. See Appendix XXVI 

for the complete scheduling of film delivery and the evac¬ 

uation of personnel. 

2, Personnel Evacuation 

The personnel were evacuated essentially in throe 

groups. The group of people that were not required for the 

final preparations were drawn back to Eniwetok where they 

were mustered and then placed aboard the Pickaway (APA 222), 

Those required for final loading and checking were evacu¬ 

ated to the Curtiss where they were further divided, and 

those required for the film recovery were trans-shipped to 

Eniwetok. 
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D. FIUÍ RJäCÜVüHY SÏLTüM 

1, General Aspects 

Because of the remote ciiance of the radio-active fall¬ 

out or rain-out which might occur within foui’ to ten hours 

and of the rush to retara the exposed film to the Z1 before 

it co-aid further disintegrate in the tropic heat and high 

humidity, and further to prevent losing all of the results 

from one tower, two C-54 aircraft were scheduled to leave 

Kniwetok; one at plus six hours and one at plus twelve hours. 

It was necessary to depart Eniwetok for the towers to recov¬ 

er the expos'.d film as soon as was reasonable. It was con¬ 

cluded therefore that three Photo Tower men should go by LCM 

to the Coral Head Tower, leaving Eniwetok at D plus ten min¬ 

utes and accompanied by a radiological safety officer.. This 

system was put into effect on Peter-X-Day and was subse¬ 

quently used on all the film recovery trips to the Coral 

Head. It was concluded that the most expeditious way to re¬ 

cover the island tower film would be to use the L-5 aircraft. 

While there had been no equipment damaged or wetted, no per¬ 

sonnel hurt, no forced landings or engine failures in con¬ 

nection with these aircraft, there were still roany people 

who questioned the abilities of the L-5 to safely return 

the exposed tower film. The advantages of the L-5 lie in 

the speed and convenience coupled with the dryness. The ICM 
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trips were always wet from spray and presented difficulties 

in getting things aboard and off-loaded. By using the L>5s 

to retrieve the film from the island tower, two men could 

go to the tower, unload the film and magazines and place 

them in the L-5s, return to Enivetok, unload and mark the 

film for delivery to the Z1 fay the time that the LCM re¬ 

turned from the Coral Head. The loading room at fiiiwetok 

was then clear for the arrival of the Coral Head film. By 

thus operating the film was retrieved from both towers, 

marked, packaged, and made ready for audit fay the C1C well 

before the deadline set for the departure of the aircraft 

for the ZI. 

2. Recovery 

Appendix XXVI gives the film recovery schedules for 

each of the three tests. In addition to film recovery on 

Zebra Day, all the equipment from both towers was evacuated 

and segregated as to AEG equipment and USAF equipment, the 

A EC equipment being delivered to the Curtiss, the USAF 

equipment being delivered to Enivetok where the majority 

of it was loaded upon the plus six-hour and plus thirty- 

hour aircraft for return to the ZI. The only addition to 

the film recovery plan that was required for this was the 

scheduling of the additional LCM to Anlyaanii Island and 

the placing of personnel aboard the Curtiss before detonation 
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to be picked up and taken to the towers with the fila and 

evacuation equipment boats. 

£. ANTICIPATED TESTS 

1. The Tests 

As shown in Appendix XIV, it was planned before leav¬ 

ing the ZI to expose a total of nine couplete tower load 

tests. It was in the ABC plan that each unit would be pre¬ 

pared to run a Peter Test preceding each of the regular det¬ 

onations. In addition, the Photo Tower plan was expanded 

to include three additional preparation tests. These were 

designated PPQ, PQ, and Q (Pre-Peter Queen, Peter Queen and 

Queen). PPQ was to determine that all installations were 

properly made, that all equipment was properly operating, 

and that the team work on distributing film and loading was 

reasonable. The actual operation of the cameras was not 

necessarily to have been in the final timed sequence. Ob¬ 

servations were to have been made as to the operational 

suitability of the power plants and test equipment. PQ was 

to have been a manned full-scale test to determine the above 

plus the actualities of the timing sequences. This was to 

have been a full-scale test run with everything operating 

and with various personnel monitoring the various instru¬ 

ments. The film was to be exposed in daylight so that 
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alignment checke, etc., would be obtainable. Focue of the 

cameras had been questioned, especially that of the Fastax- 

es, and this was of prime interest. Q Test was to hays 

been a full-scale test without any interference or meticu¬ 

lous monitoring by personnel. The power plants were to 

have been set for twenty-four hour operation and the entire 

system left just as it was to be for a final test. The 

station was to be manned but only in a severe condition 

would anything be changed or shut down. Following the AEC 

directive, the FZ Test was to be full-scale Just as mas 

the final X Test, complete even to evacuation as scheduled 

and to film recovery. This was to be a full-dress rehear¬ 

sal. The actions and number of subsequent tests were to 

be determined upon the success of PX and X. For all of 

the tests other than the final the Photo Tower unit was to 

install a series of photo flash bulbs in the Zero Tower in 

place of the Atomic Weapon being tested. These flash 

bulbs were to be ignited at the tine and with the same 

electric pulse that would have detonated the weapon. 

2. Film Situation 

Appendix XIV shows the total amount of film ordered 

and the distribution of it. It is pointed out that a re¬ 

serve load of film was ordered as standby for each of the 

regular tests. This was to insure a reserve of film for 
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two contingencies: (1) the spoiling of any fila during 

loading, a reserve for that purpose is a nust; (2) in case 

of a long delay or wetting of the fil», which would neces¬ 

sitate reloading. The total fil» ordered then was twenty- 

four couplets tower loads with delivery dates as shown. It 

is important to have the delivery dates as late as is rea¬ 

sonably possible to prevent the film fro» remaining in the 

tropical heat longer than is absolutely necessary. However 

it is even more important to assure that the fils is on 

hand when needed, and it is imperative, therefore, that the 

fil» shipping schedule and the reliability of the delivery 

system be so integrated that the fil» is shipped to be o» 

hmnA at the test site before the deadline date. 

3. Test Changes 

Two things combined to make the above-planned sequence 

of tests impossible: (1) the delay enroute of the Photo 

Tower Unit **om the ZI to the theater did not permit the in¬ 

stallation of the equipnent in time to conduct all of the 

tests as planned; (2) the late arrival of all fil» and the 

failure of some categories to arrive until very late. The 

original plans were therefore altered to give a partial 

fil» test for QX. One magazine would be loaded and placed 

in sequence on each of the K-24s; also one on each of the 

K-lBs. The Fastax rolls were divided into twenty-foot 
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sectlone and juat a small strip run through each Fastax. 

Movie magazines were transferred from camera to camera. The 

foregoing was to show the alignment and focus and to make 

available information from which the actual focal length of 

each of the lenses could be computed to determine that the 

focal length as marked on the lens was accurate. A full- 

scale PX was run with complete evacuation of all personnel. 

The equipment was not entirely installed and checked when 

the date for this test arrived but the test was carried out 

successfully by using some tentative arrangements which 

were then rectified for the X-Day test. PX could not be 

carried out with the planned film. The film summary that 

follows shows the film and camera settings that were setup 

ally used. Great concern was felt at this time because of 

the failure to receive the film as scheduled and because 

the situation surrounding the filters to be used had never 

been clarified. The information used for setting the X-Day 

test was fragmentary and was based upon some guesses. 

4» Modified Tests 

Because both PX and X evacuation and schedules worked 

well no more Peter tests were required by the AEG test di¬ 

rector. Timing and test requirements were such that the 

Photo Tower Unit did run a full-scale Queen test before each 

of the ï and Z tests. The omission of the Peter rehearsals 
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was very welcome, each rehearsal requiring at least three 

days of time which could not reasonably be afforded with 

the amount of mowing of equipment that the tower crews had 

to accomplish, 

5. Timing Error 

Preliminary ZI analysis of the X-Day test film for the 

Fastax cameras indicated a timing error, magnitude not 

specified* Examination of the pre-X-Day film indicated an 

error of approximately two-tenth of a second* While the 

source of this discrepancy was never exactly located it was 

determined to be constant and thus the timers for the indiv¬ 

idual cameras could be set to allow for this discrepancy. 

The time control on the Y and Z tests were essentially cor¬ 

rect. 

6. Brilliance Corrections 

No analyses of the movie footage was received by the 

Photo Tower Director while in the field* Fair reports were 

received of the black and white and color aero stills. From 

all of these analyses and by comparison of the various as¬ 

pects of the technical data it was concluded that the inher¬ 

ent brilliance of the X-ray detonation had been nearer to 

one thousand times the brilliance of the sun than to the 

four hundred times that had been used in planning of the 
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filters. The light intensities to be expected for Yoke and 

Zebra were rectified accordingly. 

7. Fastax Analyses 

The apparent Unfaailiarity of the analysing and repro¬ 

ducing agencies of the nature of the Fastax operation led 

to very poor reporting of the qualities of the Fasten fila. 

The first reports received were to the effect that the ties 

track had not registered. All the field tests hac shown 

that the timing system worked well and all the film devel¬ 

oped in the field had possessed good timing marks. It was 

therefore concluded that the agency copying the fils had 

copied only the center or picture frame part of the film 

and had not reproduced the sprocket track wherein lay the 

timing warks. This proved to be the case upon notifying 

the viewing agency of this fact. The next received reports 

gave times based upon an assumed speed of the camera, the 

speed given on the caption sheet. This demonstrates the 

fallacy of a strict adherence to the caption sheet. A Fas¬ 

tas camera does not run at a constant speed when being op¬ 

erated at very high speeds. It accelerates throughout the 

entire length of the film. Therefore times derived by 

counting film footage and frames does not gives times that 

mean anything. The reports received after the Y-Day test 

gave the frames per second and the number of frames, but 
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did not give the indication of deneity or adequacy of ex¬ 

posure. It la extremely important for the analysts who 

uke the review to understand what the action of the camera 

is, what ¿be problems involved are, and the need of correc¬ 

tion. Permission to return one of the men from the Photo 

Tower operation had been denied. 

F. FIELD HANDLING OF FILM 

1. Fil» flontrol 

All of the film to be used for the Sandstone project 

was given a security classification of TOP SECRET. This 

applied to the unexposed film being shipped to the theater 

as well as to the exposed film while in the theater and up¬ 

on its return. The reason for this classification was to 

assure absolute control of all film and to assure that none 

would become stray film. Because of the security classifi¬ 

cation and because of the need for accurate records it was 

essential that a convenient workable system of film hand¬ 

ling be established. The start of this system was somewhat 

confused because of the C1C monitors that were assigned to 

the job of monitoring all film and of auditing the control 

system had not been indoctrinated with a system to be used. 

Further, they did not understand the problems involved. The 

pre-establishment of a complete workable system would have 
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been an advantage. It is, however, very difficult to estab¬ 

lish a single system of film control that mill work adequately 

*or the various type units and yet not be ungainly for each of 

the individual units. There are problems encountered by a 

unit such as the Photo Tower Unit that are quite different than 

the ones encountered by the documentary teams. 

2. Photo Tower System 

As described in Appendix XV, it was necessary for the 

Photo Tower Unit to establish a system of mark and punch 

for their film because the slating of their movie film was 

impractical, the wax marking of their aero film unreliable, 

and the waxing or slating, or marking of the Fastax film 

impossible by the established means. The advantage of the 

Photo Tower Unit as compared to the documentary type of 

operation is that all values of the variables of photography 

are known in advance of the test. This means that data can 

be recorded on the caption sheets in advance and that all 

but the malfunctions can be recorded, thus preventing time 

delay after exposure. This time-saver is important where 

the time after exposure is limited as it was in this opera¬ 

tion. The whole system of film handling requires controls 

and checks so that there will be no possibility of confusion 

of film or data pertaining to the film. This implies a 
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straight fornará, orderly system of film handling and con¬ 

trol. The system used by Captain Harvey is presented below 

to show, not necessarily an ideal system, but the system 

that was evolved by him for the control of the Photo Tower 

film. This S7Stem required much meticulous work for Cap¬ 

tain Harvey, who prepared nearly 700 caption sheets in quad¬ 

ruplicate. This system worked well enough in that all film 

was always ready for an audit and no confusion resulted) no 

film was lost or misplaced, nor was any misused. The sys¬ 

tem also kept all of the vital information in a readily ac¬ 

cessible manner. 

3. Captain Harvey*a Description 

The system that Captain Harvey used is presented as 

Appendix XXVIII, Film Field Issue Log. 

4. Film Handling Sequence 

The film handling sequence as it developed was as fol¬ 

lows! the film arrived by air at Kniwetok, sometimes impro¬ 

perly addressed. After identification of the OEL case ty 

some one (in the early stages, Major Elliott) in the later 

stages, haphazardly by several, until Lieutenant Kelley was 

assigned the job of watching for it), it was shipped by LCM 

to the AV-4 where Captain Harvey received it and had it 

transported to the humidity-controlled laboratory vised by 
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the Tower Photo Unit. The cases were then opened and the 

film checked against the invoices by both the Photo Tower 

Director and the designated CIC representative who would 

sign the audit. The film would then be systematically sep¬ 

arated into the proper storage sequences and Captain Harvey 

would enter the film serial numbers in the Field Issue Log. 

He would also allot the film to the appropriate tests, sort 

the film, mark and perforate it and the containers, type 

and perforate the caption sheets, and segregate the film 

into tower loads. The tower photographic officers were 

then called in to load the film into the magazine and to 

transport the film to the site for exposure. After expo¬ 

sure the film in the magazines and containers was delivered 

back to the AV-4 if it was a Queen or Peter Test or deliv¬ 

ered to Eniwetok if an X, Y, or Z Test. Capatin Harvey 

had pre-prepared the shipping sheets and invoices. The 

film was segregated accordingly, after unloading, the cap¬ 

tion sheets laid out in sequence with the film. The cap¬ 

tion sheets were then completed and segregated, while the 

film was stacked in the appropriate ÜEL cases for a final 

film monitor by the CIC. After this was accomplished the 

film was sealed and prepared for shipment to the ZI or it 

was delivered to the AV-4 film processing laboratory if it 

was to be developed in the theater (Q and P film). 

'/ 
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5. Unsatisfactory Security Seals 

The methods of placing seals upon the OEL cases con» 

taining film and classified materials was found to be en¬ 

tirely unsatisfactory. The sealing wire ran around the 

edge of the case where it was often cut by other cases. 

Few of the cases arrived in the theater with the wires in¬ 

tact. The method of re-sealing in the theater was even 

less satisfactory, few of the cases being so sealed by the 

security agency that film could not be removed without 

breaking the seals. 

6. Film Segregation 

In handling film of the value that the exposed tower 

film represented it was vitally necessary to segregate the 

various kinds into batches so that if any one batch was 

lost or damaged other batches would contain other film 

which would overlap that which had been damaged, and all 

the results of one investigating recording would not be 

lost. In recognition of this fact the film brought back by 

L-5s from the Island Towers was divided appropriately. At 

the direction of the Scientific Test Director, the Photo 

Tower Director was made responsible for the segregation of 

the film that was to be shipped from Eniwetok to the ZI. 

The Photo Tower film was therefore divided into four OEL 

cases after each test, two cases to go on the detonation- 
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plua-six-hour' aircraft, the other to go on the plus-thirty- 

hour aircraft. In one of the two cases in each aircraft 

was put one-half the aero still film destined for Bolling 

Field; in the other was placed one-half of the movie film 

for Los Angeles. The second aircraft carried the corres¬ 

ponding halves on the subsequent day. 

7. Film Spoilage 

No Photo Tower film after exposure was lost or dam¬ 

aged because of transportation systems used. Some damage 

to exposed film resulted from sweating of the film due to 

the fact that it was packaged in warm, humid air and even¬ 

tually transported in colder air. Construction of a unit 

cab, air conditioned, within which the film is packaged 

and sealed for shipment would prevent this. For this unit 

cab recommendation see Appendix in. For divisioning of 

the film, see Appendix XXVI. 

G. Ttffi QUSLN X-RAÏ TLST 

1. The Test 

Queen X-Ray was established to permit operation of 

all cameras and to give an opportunity to check the align¬ 

ment, focal length of lenses, and focus of the individual 

cameras. The test was a daylight test with the cameras oper¬ 

ated individually under observation. No film had been 



«C- * - •«_-! V « - ». V * 

received by this date other than the film carried with the 

unit on its trip from the ZI. There was therefore not e- 

nough film to completely load all the cameras. The follow¬ 

ing utilization shows the manner in which the film was used 

in towers one and two, the Coral Head and Aomon Towerss 

Serial Mo, Cameras 

RLCF-20 111-2,3,4 

RLCF-19 1F5,5,7,6 

KLCF-16 1F9,1C,11 

2F1 

MLG-3 11(112,13 

RMF-57 IHI5 

RMF-56 Hilf 

ALB-1 1X17,16,19 

BLA-54 1L20-27 

This roll was broken down 

into four equal lengths, 

each length being used in 

a separate Fastax. 

This roll was broken down 

and used in four separate 

Fastaxes. 

This roll was broken down 

and used in four separate 

Fastaxes. 

This roll was loaded into 

a Mitchell magazine which 

was mounted on the two 

Mitchells in turn and oper¬ 

ated. 

All exposed in one Maurer. 

All exposed in one Maurer. 

This roll loaded into one 

K-16 magazine and exposed 

on the cameras in turn. 

Loaded in one magazine and 

exposed on eight K-24s in 
sequence. 

RLCF-13 Entire roll used as tower 

1 duiuy to check Fastax 

operation before exposing 

trial strips. 
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Serial No. Caaeraa 

Also used as dummy In tow< 
er 1. 

RLCr-12 

Ri*-? IB30, 2B30 

RLCF-17 2F2,3,A,5 

HLCP-16 2F6,7,8,9 

i£LG"5 210.3 

Rir-7 2N15 

RIF-8 2Nlf 

ALB-2 2K17»16»19 

BLA-55 2L20-27 

RLCF-U 

RLCF-I5 

This roll was broken into 
two parts, one half being 
loaded into each B-1E« 

Divided into four lengths 
and used in four Fastaxes* 

Divided four ways and used 
in four Fastaxes* 

Loaded into a magasine 
that would not mount on 
2M12; therefore used in 
one Mitchell only, the 
third Mitchell not having 
arrived yet* 

Entire roll exposed in 
Maurer. 

All exposed in second 
Maurer* 

Loaded into one magasine, 
exposed in turn in three 
K-168. 

One magasine loaded, ex¬ 
posed on eight K-25 in 
turn. 

Entire roll used as tow¬ 
er 2 dunmy to test Fast- 
ax operation before ex¬ 
posing trial strip. 

Also used as dummy in 
tower 2* 
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2. Results 

Queen X-ray test was accomplished on 5 April l9liÔ. The 

weather was reasonably good and most of the exposed film 

slowed detail of the zero island and its installations. The 

exposed film was returned to the processing facility aboard 

the AV-U where parts of the film were processed and briefly 

viewed. The film was then turned over to the AEG for complete 

analysis and for permanent storage. It is noted that the 

original camera plan (see Appendix IV), could not be followed 

because of film shortages both in black and white and in 

colorj also because of equipment shortages. The perforators 

that had been ordered for perforating tne film had not 

arrived in the theater at this time. The system of using wax 

pencil tnat was prescribed in the operations order was there¬ 

fore followed. Some of the Fastax film was negative, some 

reversal. The processing system developed all film to nega¬ 

tive and in the process removed the wax identification from 

the Fastax rolls, thus destroying the positive identification 

of the relation between the film and the camera in which it 

was exposed. The term "wax head" has since been used in 

conjunction with those characters who have proposed using 

waxed pencils for marking film, or to those who question the 

need for perforators. 
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H. THE PETER-X TEST 

Peter-X Test was established by directive of the Sci¬ 

entific Director of the Joint Task Force to test the readi¬ 

ness of all equipment and to determine the adequacy of the 

evacuation program. The test was therefore to be exactly 

like the X-ray test with the exception of the Atomic Weapon 

detonation which was to be replaced by a flash unit con¬ 

structed by the Photo Tower Unit. It was decided not. to 

use an U-l photo flash bomb because of the concussion and 

fragmentation complications. The flash unit that was con¬ 

structed consisted of two wooden panels each containing ten 

size fifty flash bulbs connected in parallel. These panels 

were mounted on the roof of the zero tower, one facing each 

Photo Tower. The electrical detonating circuit was connect¬ 

ed into the same timing circuit that was to detonate the 

weapon. The Photo Tower Petar-X Test was therefore a night 

test using banks of photo flash bulbs for light instead of 

the weapon. The test was accomplished as scheduled with the 

exception of substitution of film in some of the cameras. 

This was necessitated by the failure 01 the required supply 

to arrive. Evacuation went according to the plan (see Ap¬ 

pendix XXVI ), as did also the film recovery sequence. 

I"». 

*\ *\ • . • -/ 
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Film recovery was to be exactly as would be the recovery 

on X-day up to the point of packaging the film for shipment, 
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at which point the film would be returned to the AV-4 where 

it was developed and eventually viewed to determine the 

adequacy of the timing system and the aligning of the cam¬ 

eras. Peter-X was so close before X-day that the film was 

not analyzed until after X-day. The developed film from 

Peter-X was turned over to AEG for permanent possession 

and analysis. The following summary shows the actual val¬ 

ues used with the Photo Tower cameras on the Peter-X lest. 

The flash from the Zero tower recorded well. It was easi¬ 

ly visible on Eniwetok, also. 
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I. THE X-m TEST 

1. Test D»U 

The X-Day Test was carried out according to the prede¬ 

termined plans. It was accomplished precisely as scheduled 

all the way from the loading and final check and evacuation 

through the film recovery and packaging operations. The 

only exception to the plan as accepted by JTF was the sub¬ 

stitution of some categories of film and the onission of a 

few cameras. The film shortage was still acute, especially 

in some types which were non-existent. Some of the cameras 

had not yet been delivered from the factories and therefore 

were not available. The summary which follows shows the 

cameras and film as used. This summary is a corrected ver» 

sion of the information appearing on the caption sheets, in 

which some errors occur. The filter utilization was speci¬ 

fied in conjunction with certain aperture settings. The 

filters were then cut and delivered to the tower units for 

installation. While this was being done the caption sheets 

were typed. After the filters were installed it was discov¬ 

ered that not all of the cameras would stop down to the spe¬ 

cified values. The caption sheets were not always corrected. 

The following tabulation has beau corrected for these er¬ 

rors and for typing mistakes in the caption sheets. 
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2. Malfunctlonfl 

A complete analysis of the malfunctions encountered on 

X-Day is beyond the scope of this report as the final anal¬ 

ysis oust come from the viewing of the negatives. Much 

trouble was expected from the K-24 cameras. It wts because 

of anticipated malfunctions in these that they were in¬ 

creased in total number so that good coverage would be ob¬ 

tained even with many malfunctions. 

3. Low Speed Mitchell Malfunction 

Associated with the detonation of an atomic weapon is 

a great dissociation of electrons. These recombine for 

considerable time periods after the fireball has disap¬ 

peared, even after the resulting nitrogen fire has subsid¬ 

ed. The resultant 'blue fog' is typical of recombination 

phenomena, but has been erroneously termed 'neutron glow* 

by some. The recombination glow is visible in two places 

after the detonation. In the early stages, it is risible 

against, or close to, the ground. In later stages it is 

visible as a cloud. In fact the so-called radio-active 

cloud has the recombination glow associated with it for a 

very long period. During the Sandstone tests this glow 

was visible until the increasing daylight became more in¬ 

tense than the glow, thus making it indiscernible to the 

eye. 

V.V/.‘,V 
• . . . * k 
•V-W. -V 
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The Standard Mitchell movie camera 2M13 was aimed high for 

the X-Day test in order to determine If the recombination 

glow in the resultant cloud could be recorded* Because of 

long time period and the low light Intensity of the glow 

the camera was set for 8fps (frames per second) which is a- 

bout as slow as a Mitchell will operate. The light emitted 

from the glow Is about equal in Intensity to a first magni¬ 

tude star. The aperture of the camera was therefore fully 

opened. The early energy reception by this camera was so 

great that the negative not only reversed, but was burned, 

the image being clearly visible even when the undeveloped 

negative was viewed in daylight. This burning caused the 

emulsion to swell and jam the camera by virtue of the film 

sticking to the aperture plate. 

4. Fastax Runaway 

The Time Control Equipment on one of the Fastax cameras 

caused the camera to run away just as the tower was being 

evacuated after the final check. It, ip believed that the 

clutch facings swell a small amount in the high humidity. 

This reduces the clearance between the two faces and some¬ 

times the faces touch without the solenoid being energised. 

It was not expected that anything would be on this roll of 

film. 
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5. 1¾¾ Speed 

Sone trouble e&e experienced with the High Speed 

Hitchelie. This test indicated that a Mitchell does not 

reliably run at high speed for 1,000 feet of fila without 

being shut down and lubricated* In the case of the remote 

tower, as used here, this is impossible. Later tests eon- 

fined this fact and the cameras were loaded with only 400 

feet of film* 

6. Clouds 

It was known during the time of the test that clouds 

were between the detonation and the Coral Head Tower, al¬ 

so that there was probably a rain ston in progress* For 

these reasons it was anticipated that poor overall cover¬ 

age of the detonation would result from X-Day tower pho¬ 

tography. Fast&x reports indicated, however, that enough da¬ 

ta were available on the Fastax film to allow the analy¬ 

sis for which the Fastax cameras had been installed* 

7. Tine Error 

The Fastax returns from analyses made in the ZI ind¬ 

icated that the weapon had detonated too soon in relation 

to the starting of the Fastax cameras* Either the cameras 

were starting late or the weapon was detonating early. The 

times given in the start and stop columns of the summary 
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are the theoretical tinea which were set, not the actual 

tlaea before detonation aa measured afterwards. Actual 

tinea nuat cone fron a review of the fila. Actually the 

start tine should be given in terna of the tine delay (TD) 

between receiving the ainus-one second signal and the 

starting of the Fastax. This becane the standard method 

for Fastaxea after it was realized that a peculiar timing 

dincrepanoy had crept in. Thus the TD for 1F1 would be 

0.4) for 1F2, 0.43} for 1F3, 0.45} «tc. Sone cameras were 

started from the minus-one minute signal by giving then a 

longer delay, as with 1M12 which had a 57-cecond delay for 

a -3 second starting tins. Theme tine consents also apply 

to the previous data sheets. 
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J. THE QUEEN-Ï TEST 

1. Reasons For Test 

The fact that the Fastax. timing system had been in er¬ 

ror prompted a new test procedure to determine the source 

of the discrepancy. Clock time checks were run throughout 

all the equipment, measurements were made of all starting 

times, and circuits were studied to determine the probable 

or actual cause of the delay. No good answer was found in 

the tower equipment. A brief study of the central timing 

system was then made and some questions arose as to the 

system of time calibrating the end stations. Again no con¬ 

clusion was reached and it was decided that the mechanism 

for the timo error was unimportant in relation to deter¬ 

mining the correct time. The determination of the constan¬ 

cy of the error was also important. The Queen-ï Test was 

established as a daytime test to determine the timing se¬ 

quences and the source of malfunctions in the cameras, in 

addition to establishing scale and alignment pictures. 

2. Time Check Method 

The time was to be checked on an overall basis in re¬ 

lation to the final flash. Two banks of ten flash bulbs 

each were mounted in the Zero Tower in place of the weapon. 
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Therefore four Individual flash bulbs were connected: 

1. From the master relay (minus 1 second)to ground, 

this bulb to flash when the minus-one-second pulse 

started all the timing units in the tower, 

2. Across the power circuits that operated FI (Fast- 

ax 1F1 in Tower 1, 3F1 in Tower 3), *2 and F3, thus 

giving a flash when the timing system controlling each 

of these cameras started those cameras, 

3. Time Relations 

All the bulbs were mounted so that their light output 

entered the lens systems of two other Fastax cameras: F6 

and F7. These two cameras were mounted so as to record 

also the flash in the Zero Tower. F7 was manually started 

at a reduced voltage at minus two seconds. It would then 

record five flashes: a flash bulb showing minus-one- 

second inçnilse, the starting flash for Fly F2, and F3» and 

then the flash from the Zero Tower, F6 was to start on the * 

minus-one-second signal to show the starting characteristio 

until the bulbs mounted across the other Fastax cameras 

were detonated, and finally until the flash from the Zero 

Tower was recorded. By this arrangement an absolute time 

relation could be established between the various units. 
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4. Two-Tenth Delay 

The analysis of the results obtained was very diffi¬ 

cult« On one of the towers one of the flash bulbs exploded, 

breaking another bulb at the same time. Thus one flash was 

missing and the sequence was difficult to confirm* On the 

other tower, F7 failed to start due to a faulty resistor in 

the timing unit* The test indicated that there was an er¬ 

ror of about 0*2 second in the timing system but it did 

not demonstrate where the error originated. This test was 

conducted using the same time for the Fastax starting that 

had bee» uaed on the X-Day Test. The Peter Test to follow 

this one was designed to incorporate a delay, the amount 

of delay co be determined by this test* The Peter Test 

would then confirm the amount of delay which was consistant 

and correct* 

5. Pig *rking System 

Another fact that made the analysis of the film dif¬ 

ficult was that the bulbs used could not be placed far 

enough away from the cameras to be in focus, so the light 

entering the lens S; •tern just made a smudge. It was con¬ 

cluded from this that c. relay-condenser system would be 

employed in the future to mark Fastax film through the ar¬ 

gon glow lights installed in the camera* This could be 

done easily by connecting the magnet of a double-pole, 
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double-throw relay across the power line which operated the 

Fastax. The condenser would be connected across the arma¬ 

ture contacts of the relay. The normally closed contacts 

would be connected to a source of DC potential ranging from 

200 to 25O volts, and the normally open contacts would be 

connected across the line that leads from the pip generator 

to the Fastax pip light. Before the Fastax was started the 

armature would connect the potential source across the con¬ 

denser, thus charging it. When the Fastax starts, the amn 

ature closes the other set of contacts discharging the con¬ 

denser into the pip light system, thus marking the film. 

It might be necessary to add a resistor in series with the 

condenser to limit the discharge current flow. Two cap¬ 

tions must be observed: (a) the voltage placed on the pip 

marking circuit must not interfere with the pip generator; 

(b) tne condenser placed across the line by the closing of 

the relay must not absorb so much energy that the pip mark¬ 

ing system ceases to operate. The latter can be overcome 

by placing a small spark gap of the proper dimensions in 

the condenser output if necessary. The Potter generator 

that was used in the Sandstone tests had a cathode follow¬ 

er output and was probably not bothered by the added poten¬ 

tial. Tests would show the reeults. 
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6. Daylight Flash Recorded 

This daylight flash was clearly visible in both of the 

Photo Towers and the flash did record well on the cameras 

with suitable f ratio lenses. 

7. Queen-Yoke Summary 

The following Queen-Y summary sheets give the Tims 

Delay (TD) and Time (T) of operation of the camera. From 

the film, the approximate times may be derived. The pre¬ 

viously given start, run, stop system means little when 

peculiar delays are inherent in the system. The values in 

the TD column are delays in seconds from the minus-one- 

second signal unless the figure is followed by an U, in 

which case the figure is the number of seconds delay from 

the minus-one-minute signal. 
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K. THE PETER-ï TEST 

1. Tiiao Test 

The Peter-Ï Test was designed to accomplish a two¬ 

fold purpose. First, it was to give a check on the time 

sequence of operation of the tower cameras with the addi¬ 

tional time set in as determined by the Queen-Ï Test. The 

Queen-Y Test indicated approximately 0.2 second discrepan¬ 

cy, so this anx>unt was to be allowed and only the Fastax 

cameras FI, F2, F3, Fé, and F7 in each tower operated to 

show the time relation under the new settings. These cam¬ 

eras were set up the same as for the Queen-Y Test with the 

exception that they were set for night operation instead 

of day use. Secondly, tne test was to give the air unit 

practice under simulated conditions; i.e., that of having 

a flash to look at and to determine if their aiming was 

good. 

2. Flash Failure 

As in the Queen-Y Test, two banks of ten bulbs each 

were installed in the Zero Tower and connected as before. 

In addition, a "Hedda Hopper" hat of ten flash bulbs was 

hung down the side of the Zero Tower "shack" for the use 

of the gamma radiation unit. Because a switch had been 

left open the flash units failed to go at the time of the 

test. The air unit had its practice. As an example of the 
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severity of the air unit orbiting and a lain; problema, es¬ 

pecially where many other lights exist in the area, many 

of the aerial photographers were sure that they had seen 

the flash even though there was no flash. 

3. No Tins Check 

Because of the failure of the flash unit to ignite no 

concrete results were obtained as to the exactness of the 

timing. Some concern was felt, but the limited time pre¬ 

cluded a repeat of the test. Film shortage was also acute 

at this time. 
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L. THE Ï-DAÏ TEST 

1. Weather Palay 

The T-Day Test was tentatively moved forward one day 

and preparations were made to conduct it on 29 April, The 

weather turned out to be prohibitively bed eo the test was 

delayed for twenty-four hours. This delay occurred after 

the Photo Towers had been set into final operation and the 

evacuation of personnel from the tower sites completed. 

It war necessary, thereforo, to send an emergency crew 

back to each of the towers to give another finrl check, A 

rain storm, in the meantime, had soaked some of the camer¬ 

as in the Coral Head Tower. Some film had been wetted 

slightly. 

Otner than for the delay, the test was carried out as 

planned, the evacuation und recovery plans having been on¬ 

ly slightly altered as shown in Appendix XXVI which gives 

the plans of operation, 

2, Camera Operation 

The camera operation for Y-Day was better than for 

X-Day. Fewer malfunctions occurred and the weather was much 

better. No review of camera malfunctions is made here as 

the report on these can best come from the units tnalyzing 

the film. The K-24s were still the prime offenders, out 
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were irorking somewhat better than before. Moat of the K-24 

malfunctions were due to poor adjustment of the metering 

roller and due to the poor design of the capping curtain 

and its control. Again, however, film was still abort in 

some categories and substitutions from the original plan 

were made. 

3. Shock Effects At Tower 

Before evacuating the towers for the X-Day detonation 

come concern had been felt in regard to the shock difficul¬ 

ties that might be encountered. Therefore, some primitive 

gadgetry was constructed to indicate the amount of shook 

to the tower and all heavy objects were secured so that 

they would not upset. However, the shock reaching both the 

Aomon and Coral Head Towers war so small that no indica¬ 

tions in the structure or equipment were noted. The shock 

and sway indicators registered a very slight amount of dis¬ 

placement, but not more than was registered in a buffeting 

wind or when an LCM would butt the Coral Head landing pier. 

From this evidence it was again concluded that the towers 

could be safely manned and the men not experience any in¬ 

convenience. Because the sway had been so small on X-Day 

no additional equipment was procured for the Y-Day Test, 

since it was known that the shock would be somewhat great¬ 

er but not significantly so. 
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Two things happsned as a result of the shock on Y-Day. A 

single panel of glass feH out of on0 window* The ßlaö8 

fell into the cab from a window on the back side of the cab. 

From the position of the fragments on the floor it was con¬ 

cluded that the glass had hit the floor in one piece and 

breakage was due to landing. The window frame had no putty 

to retain the glass as did most of the rest of the franx-s* 

No other glast was broken or cracked. 

The second and more serious event that took place was the 

rtopping oí all cameras that were still operating at the 

time the blas^ hit the towers. This was eventually deter¬ 

mined to be the result of faulty relays. Because of the 

difficulty in obtaining relays during the early periods of 

construction in the ZI, some poor 28 volt Leach relays were 

installed as master holding relays. The relays ordered to 

replace these did not arrive so these were left in the cir¬ 

cuit. The method of holding them in the energized position 

includes a cotter pin pressure device. Upon this lo .gitud* 

inally-mounted cotter pin, the cross mounting bar that holds 

the contacts can roll. Thus, when hit, this relay can open 

one set of contacts even though energized and even wlen the 

energizing potential is high. Tests showed that this relay 

had been opened on the Y-Day towers when the shock struck 

the tower, even though nothing else was disturbed and the 
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shock level was low enough not to break windows or knock 

things from shelves in the cab of the tower. 

4* Film Markings 

The perforators had arrived before this test was com¬ 

menced so that the filr. ' r QI,PX, and ï was all "punched." 

This is a satisfactory solution to a perplexing situation 

and saves a great deal of time and worry over other meth¬ 

ods of marking. Ae shown in the plan, the caption sheets 

and boxes were a]so perforated. This gave an excellent 

system of cross checking thus preventing confusion and er¬ 

rors from creeping into the system. 

The unloading, auditing, and packaging of the film at Eni- 

wetok went very smoothly, all operations being completed 

and film ready to go aboard the six-hour aircraft one-and- 

one-half hours early. 
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ü. THE QUEEN ZEBRA TEST 

1. The Test and Results 

The Queen Zebra Test was again a full daylight test 

with flash unit installed in the Zero Tower. Queen-Z was 

to give a further timing check and to ascertain that all 

equipment was ready for operation after the moving. Many 

of the K-2U cameras had had malfunctions corrected m them 

during the period between Y-Day and Queen Zebra, so that 

Queen Zebra also gave a good chance to again evaluate the 

maintenance standing of the cameras. The film from this 

test was delivered to the AV-U photo shop for processing. 

Analyses made of the film showed good definition of the 

Zero Islam and the structures and targets there, thus 

making available material from which to study the scale. 

Trouble had been encountered with the Sonne S-7 cameras and 

their pip markers. At liO" per second the 1,000 cycle pips 

from the Potter were to close together using the argon gas 

lights that had been installed in the Sonne by the Photo 

Tower Unit. A simple RC pip generator was tested on this 

try and found to be satisfactory at the 120 per second used. 

In general, fewer malfunctions occurred and the test was 

predominantly successful. The same system of using Fastax 

cameras FI, F2, F3, Fó, ana F7 for a timing check was used 

again in each tower to check the timing system. It was 
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again demonstrated that the two-tenths of a second put the 

camera timing essentially where it belonged in relation to 

the burst. The system worked fairly well, especially with 

the Coral Head Tower from which the film was readable. It 

was again confirmed, however, that a system of marking with 

timing lights would be a distinct advantage. 

The need for absolute time marks on the Fastax film was 

further discussed at this time and a requirement for the 

construction of a system that would give this type of mark¬ 

ing was expressed. 
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N. THE Z-DAÏ TEST 

1. Changes In Procedure 

The Z-Day Test was carried out essentially according 

to the standard procedure. The loading schedule was com¬ 

pressed as shown in Appendix XXVI. This was done to make 

less probable a prolonged time of film "stew" in the towers 

if a delay was encountered. By not moving out until after 

the 1700 briefing on D-minus-two, there was a much better 

chance that if a weather delay was to be encountered the 

information would then be available and the film could be 

held in the temperature and humidity-controlled vault until 

the next D-minus-two day. 

2. Filters 

Filter values were again corrected based upon the re¬ 

sults obtained from the Y-Day analyses. The types of fil¬ 

ters used are shown on the summary sheet. Some of the fil¬ 

ter positions, i.e., the position of mounting the filters 

on the cameras, were changed to see if the burning of the 

filters encountered on Y-Day could be reduced or eliminated 

on the Z-Day Test. The proper placing of the filter is im¬ 

portant and must be well considered to prevent burning, 

wetting, etc. Some of the Y-Day photography shows the re¬ 

sults of the filters burning. Some samples of the burned 
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filters are maintained in the Photo Tower books which are 

currently being stored in Operations Analysis, SAC. 

The preparations for Z-Day Test went smoothly and 

everything was in readiness at least two full days ahead of 

schedule, even after letting all the men have a day off. 

3. Film 

The color film liad finally arrived for the K-2Us. 

Although it was actually K-20 film, magazines with adapters 

had been sent at the same time so that the film was useable. 

The magazir.es were very old ones in many instances, and 

several were in poor condition. All of the film had arrived 

by this time, and a surplus had developed. This surplus 

was in existence because some of the earlier film require¬ 

ments could not be met. However, the film for those 

requirements was now on hand. 

U. Evacuation of Equipment 

Another aspect of Z-Day that was new was the evacua¬ 

tion of the tower equipment as shown in the section on evac¬ 

uation. All the tower equipment was removed on Z-Day. 

5. Spare Film 

It is usually diffictut to convince photographers that 

they must carry spare or emergency film with them. Luring 

- n - 



the X-Day loading, the loading crews took no spare film of 

any with them to the towers even though this had been 

planned. The standard comment was that there was no need 

for any, none would be dropped in loading, nor was there 

any likelihood that anything would go wrong. Those senti¬ 

ments were almost representative of fact. On the X-Day 

Test, one Fastax ran away by Itself, There was no spare 

film and it could not be reloaded. On Y-Day loading, it 

was attempted to load the Fastax cameras at night in one 

tower and some film was dropped. There was spare Fastax 

film available this time. There are other things that can 

(usually do not) but can go wrong. Z-Day was unique. A 

complete load of spare film was available and ready for 

each tower, this film to be "standby" in case of spoilage 

while loading, or in case of a long delay the film could 

be changed. None of the stand-by film was used, although 

one of the Mitchells should have been reloaded. The film 

loaded into it was torn upon loading, but rather than de¬ 

lay the departure of the waiting boat the magazine was not 

reloaded. 
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0. SUMMARY OF THE COMPLETS) TESTS 

Of the nine planned testa, eight were completed. Except 

for the tlse discrepancy PI and Q2 would hare been omitted. 

This demonstrates that training before the operation reduces 

the field requirement. It is important in tests of this cali¬ 

ber to get the men and equipment into the operation and get 

the operatioml procedures smoothed out well in advance of the 

movement to the field testing site. By the time the prepara¬ 

tions had been completed for Z-Day the teams were well indoc¬ 

trinated ani the setting-up procedures for Z-Day were simple 

and direct with very little confusion. The team work should 

have been developed in the ZI until the unit could establish it¬ 

self for Z-Day as it did for Z-Day. The following summary shows 

the sequence and basic reason for each of the eight tests. 

QX Manned 

PZ Auto-remote 

Z Auto-remote 

QT Manned 

PI Manned 

Day Equipment cheek 

Might Flash Equipment and procedure check 

Night Weapon Scientific recording 

Day Flash Tine determination and equip¬ 
ment check 

Might Flash Time determination 
(failed) 

I Auto-remote Might Weapon Scientific recording 

QZ Manned Day Flash Tine determination and equip¬ 
ment check 

Z Auto-remote Might Weapon Scientific recording 



III. RECOMMENDATIONS FOR FUTURE TESTS 

From the experiences gained on both Crossroads and 

Sandstone, and in view of the facts presented in this paper, 

the following recommendations are submitted: 

A. POST-TEST FILM STUDY 

A post-test film study of all Photo Tower film (some 

of the Aero and documentary unit films will add to this 

study), from Sandstone should be accomplished with the aid 

of the best photo evaluation men and equipment to produce 

these badly needed answers: 

1. Brilliance. Light Intensity and Illumination Vt>. 

Time Curves 

The brilliance of the burst and the resulting phenom¬ 

ena in relation to time curve (see Appendix III for an ap¬ 

proximation of the pre x-ray thinking) is important because 

from it may be drawn the necessary information for the ap¬ 

propriate selection of light values and recording speeds 

for the recording of the desired phenomenon. It is of fur¬ 

ther interest from an academic standpoint, giving a closer 

relation between the events and an understanding of them. 

From the Trinity test data, the Able Day Bikini data, and 

the three Sandstone tests, five Brilliance-Time Curves could 
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be reduced. This family of curves would then indicate the 

relationship between various tonnage equivalent bombs and 

the resultant brilliance in terms of time. 

The production of Illumination vs Time curves in a similar 

manner will have important bearings upon future military 

utilization of the light emanated during the explos.^n for 

bomb strike evaluation and for the determination of the 

range from an observing point to a detonation. 

It is recommended that a thorough study be instituted to 

use the best available talent and photo evaluation equip* 

ment to produce the above-mentioned curves so that future 

test personnel will have a solid basis from which to com¬ 

mence their studies for the selection of the appropriate 

equipment and techniques and so that basic information will 

be available to the military for their planning of the 

tools for an Atomic war. 

2. Establishment Of Requirements For Atom Bomb Test 

Photography 

At the beginning of the Sandstone Project, there was 

not available a >asic document of the photographic prob¬ 

lems, limitations, requirements, and possibilities. This 

made it very difficult to choose wisely the appropriate 



array of camera types and quantities to cover the test ade¬ 

quately. 

It is recommended that a comprehensive study be assembled 

giving summation of the experience gathered through the 

testing of atomic weapons to date. This report should in¬ 

clude a listing of the types of cameras, their abilities, 

limitations, and the requirements for improvements of each. 

This report should also include the various phenomena that 

are present and the requirements for recording each. The 

report should then indicate the direction of development 

of additional techniques and equipment for better testing 

in the future, and for the coverage of phenomenon not now 

being recorded. 

Notably lacking on the Sandstone Project has been the re¬ 

quirement for spectroscopic recording. This situation 

should be reviewed and documented so that wise policy nay 

be formulated rapidly in the future, The Sonne S-7 cam¬ 

eras that were used on the Sandstone tests showed some 

very interesting results. The 'smear* speed of these cam¬ 

eras was so low as to make the prints almost unusable. 

Much higher film travel speeds are needed. A study with 

tests should be implemented to determine what techniques 

could best be used to give adequate smear recording. 
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3. Establishment of Military Requiremants for Combat 

Atom Bomb Photography 

Many of the results photographically gathered during 

the Sandstone tests are applicable to combat evaluation of 

atomic strike. The techniques currently in use are, how¬ 

ever, not applicable to combat utilization* There are 

other combat requirements as yet unfulfilled both in the 

photographic recording and in the reconnaissance field. It 

is recommended that a comprehensive study be undertaken to 

evaluate the need for, and the equipment and techniques for 

the fulfillment of Atomic Bomb warfare reconnaissance. 

B. HIGH SPEED CAMERA REQUIREMENT 

The currently-used 8mm Fa a tax cameras have been some¬ 

what unsatisfactory. Their resolution and photographic 

qualities are poor, their time of operation is short. They 

have demonstrated, however, that a requirement for a good 

high-speed camera exists. The camera that is needed should 

be developed toward these features: 

1, Variable speed up to at least 10,000 frames per 
second. 

2. Mitchell quality exposures on at least Mitchell 
size frames. 

3. The equivalent of at least 1,000 feet of Mitchell 
film. 

4, Self correcting light control, to lag light 
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intensity by not more than 1/1,000 second. 

5. Countable in aircraft upon tracking unit. 

6. Camera to be able to run at speed without film be¬ 

ing used, film to be started within l/l00th of a 

second after an electrical signal is introduced 

into the camera. 

7. Camera to be self-braking after initial detonation, 

so that as light intensity and rapidity of events 

slow down, slower speed photography is employed, 

thus prolonging the period of coverage. 

8. Reliable, simple method of marking either absolute 

or relative time upon the negative. 

9. Camera to dependably cease all its operations up¬ 

on depletion of its film. 

A camera incorporating these features would be more expen¬ 

sive and certainly more cumbersome, but it would do a fine 

photographic job that is currently not being well accom¬ 

plished by five Fastax with their heavy, bulky, and cumber¬ 

some time control mechanism. 

It is recommended that a comprehensive study be conducted 

to determine what principles should be utilized in the ful¬ 

fillment of the foregoing required characteristics. There 

are several approaches to the fulfillment of each require¬ 

ment. For example, Wyckoff has utilized the principle of 

a rotating drum mounting a 20 lens system, with twenty cor¬ 

responding framing apertures, the light passir.g in through 

an individual lens, reflecting back through the framing 
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aperture from a fixed mirrcr placed within the rotating 

drum. This camera was satisfactory up to about 1,500 

frames per second with two hundred feet of film. Brixner 

has suggested the use of one hundred foot lengths of 10- 

inch Aero type film to have exposed upon it multiple tracks 

formed by a rotating prism system. There are many other 

principles that have been used for hi.gh-speed spark pho¬ 

tography. If it is desired to use the 1,000 foot loads of 

35mm film, problems of acceleration are encountered. The 

limiting speed on the Fastax-type camera is the rate at 

which the supply spool can be accelerated. This difficul¬ 

ty may be overcome, by the use of "nested" film, a tech¬ 

nique recently conceived and partially demonstrated. The 

film, instead of unrolling, is nested somewhat as is a sur¬ 

veyor's tape. By proper placement, the film can then be 

pulled out of the nest at very high speeds without encoun¬ 

tering severe accelerative loadings. A light control mech¬ 

anism can be built using either rotating polaroid screen 

or variable density filters. By combining a high speed 

servo system with a photo-electric pickup and amplifier, 

control of the variable density filter could be maintained 

within 1/1,000 of a second of the light change. Some re¬ 

cent photographic developments by commercial organizations 

indicate that a satisfactory unit for doing this may already 



exist. It is moored that Kodak has a lens system that 

will change from f ratio of 0.9 to 22 in 1/10,000 second 

and is completely self contained. 

For use of this camera where the relation between the ex¬ 

plosion and the mounting is not fixed, a dependable track¬ 

ing mount is needed. This is especially needed for air¬ 

craft utilization during combat bombing. The camera must 

be so constructed that it will go onto a convenient mount 

for either fixed or tracking operation in aircraft. The 

film 'pick up‘ requirement for allowing the camera to come 

up to speed without using film can be built for the 35nm 

sprocket driven film by one of several methods. Two aux¬ 

iliary tension guide wheels are added around which the two 

Upes travel. These tapes prevent the film from leaving 

the face of the recording drum due to centrifugal action. 

They also act as a clutch to start the film when the start¬ 

ing i*.wi advances to the leading end of the film into the 

V between the Upes and the drum. If the friction to bind 

the film to the drum is not great enough to prevent creep- 

age of the film in relation to the framing apertures in the 

drum, then sprocket drive teeth my be added. These would 

be held retracted until after the film slippage had ceased 

at which time they would be released. The sprocket teeth 

would move out against the film and then move forward in 



the diraction of rotation the equivalent of one frame. 

Somewhere along this motion, they would engage the sprock¬ 

et hole in the film and move it forward and from then on, 

the film would be sprocket driven in exact relation to the 

framing aperture. With careful design and construction, 

this entire action for the Wyckoff-type camera could be ac¬ 

complished in less than the time specified. 

For atomic explosion photography it is important to have 

very high speeds during the initial explosion only. Dur¬ 

ing the later stages when the light emission is much lower, 

the rate of development of the phenomenon is much slower. 

The addition of proper magnetic braking to the camera 

would allow the camera action to be slowed during the later 

stages thus prolonging both the times of exposure and the 

length of film coverage. The current method of time pip 

marking the Fastax cameras is acceptable for the limited 

uses being made of them at present. The method of marking 

the Mitchells is less satisfactory. To make the really ex¬ 

acting studies that will be required in the future, a sys¬ 

tem of adding absolute time marks to film is needed. This 

is not a complex problem if studios are instituted early 

enough to allow orderly development of the system. Abso¬ 

lute time marking allows comparisons between various re¬ 

cordings on a single basic time comparison. This relates 
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phenomena exactly. All remotely operated recording camer¬ 

as should have built into them devices that reliably close 

down all the functions of the camera at depletion of the 

film. This saves the great amount of complicated timing 

equipment that has had to be built and maintained for Sand¬ 

stone tests because the cameras do not possess the simple 

type mechanisms that can be incorporated within them to 

accomplish this function. 

C. PHDTÛ TOWER IMPROVEMENTS 

While the photography taken from the Photo Towers on 

the Sandstone project has been quite successful, the basic 

concepts of equipment for the accomplishment of this mis¬ 

sion have been notably lacking in understanding of field 

test problems. The basic approach has been one of labora¬ 

tory test and development. This places a great burden in 

effort and time on the actual field operation and reduces 

the reliability of equipment operation. To improve this 

situation for future field test, the following recommenda¬ 

tions are offered. In addition, it is again pointed out 

that there was on this test a great deal of basically good 

military and scientific information to be photo recorded 

during the blast at other than sero tower camera align¬ 

ments. 
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1. Tower Positioning 

The Sandstone Photographic Towers were placed in 

their postions from other than strictly technical photo¬ 

graphic requirements. The towers as placed did inconven¬ 

iently gather the basically required data, that of deter¬ 

mining bomb detonation efficiency with tue Fastax cameras* 

A great deal of good and necessary information could have 

been much more advantageously gathered had this test had 

the ability to place photo recording units at more and 

closer positions. Small, compact, prefabricated, rapidly- 

establishable, easily-maintained, radio-controlled units 

make it relatively simple to place several units at vary¬ 

ing distances. Studies of the Trinity, Crossroads and 

Sandstone tests will demonstrate that units may be placed 

at relatively close positions without suffering physical 

or radiation damage if thes' units are properly prepared. 

It is suggested that units could have been placed as close 

as 1,000 yards, with proper shielding, or at 3»000 yards 

with no shielding. A series of units placed at approxi¬ 

mately one-half, one, and two miles would have produced 

great advantages in comparison with the five-to-seven-mile 

spacing of Sandstone. One of the most important advantages 

is the lessened probability of weather interference. A 

great deal of coverage was lost on X-ray detonation due 
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to Intervening clouds and rain. Another advantage is that 

of shorter focal length lenses, which make it possible to 

get more reliable coverage without the increased suscepti¬ 

bility to vibration, misalignment, shock motion, atmospher¬ 

ic refractions, focus difficulties, and a host of other mi¬ 

nor susceptibilities. Placing the units closer to the sero 

point also makes the photo recording of the effects of the 

radiation and blast upon natural and test objects effective 

and valuable. Simple stations my be anchored in the la¬ 

goon if necessary. To prevent the wave motion from caus¬ 

ing misalignment, one of two approaches my be followed. 

A triangular anchoring of a submerged float with pedestal 

my be used. By holding the buoyant structure below the 

average wave motion level with at least three anchor ca¬ 

bles under tension, a relatively low structure my be main¬ 

tained in good alignment. Or a simple guyed pedestal my 

be easily established upon which the simple photo unit 

could be installed. The photo cab envisioned for this 

type of mounting would be hermetically sealed unit con¬ 

taining from three to ten cameras which are battery pow¬ 

ered cual timed with the siaqple timing unit later discussed. 

The units could have dimonsions in the order of six feet 

wide, four feet deep and four feet high. 



Dispersion of the recording sites adds the ability to ob¬ 

tain stereo photography, and analysis in depth. It also 

mkes possible aore views fron which to determine such 

things as the degree of lack of synastry of the explosion 

and the resulting shock waves. 

2. The Simple Tower 

The type of tower utilised for the iutoaatic Photo Re¬ 

cording for Sandstone could be developed into a fairly sat¬ 

isfactory type of tower by the addition of a high level 

platform, a useable elevator, good visor, and a few other 

detail changes. The great expense in tins, labor and aoney 

involved in the construction and transportation of this 

type precludes the utilisation of nany of then on a single 

test. 

The tower type that is needed is one that can be rapidly 

established with a minimum of tine and effort, and with a 

■ini— of preparation of the site. The solution of this 

lies in a simple sectionalised vertical supporting struc¬ 

ture upon which a cab containing all of the cameras and tim¬ 

ing equipment can easily be hoisted. Appendix IVIII gives 

the details of two types of towers that could be advanta¬ 

geously used. Appendix XU gives details of a cab that 

would fulfill these requirements. In action, the system 
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would follow thesw linea: a truck containing the entire 

setup for a single tower would be off-loaded from the cen¬ 

tral station (ship, aircraft, or island) onto an LCM or 

similar type boat. This LCM would deposit the truck on an 

island or tie up to the floating base or water foundation. 

In the case of the island, the truck would unload the tow¬ 

er frame in the appropriate sequence of assembly. The 

tower would then be assembled flat on the ground and 

hoisted into place with the winch mounted upon the truck. 

If of the biped type, the tower would be secured by cable* 

which are tightened completing the erection. The truck 

would then back up to the base of the tower, attach the 

top hoisting lug of the photo cab to the hoisting cable 

and lift the cab into position on the track built onto the 

face of the tower. The truck would then be driven out 

from under the oab, but left attached so that the winch 

may be used to elevate the cab. The cameras and timing 

equipnent in the cab can then be given a final check and 

alignment after which the cab is hoisted to the top of the 

tower and the cab aligned with the target. Because the 

cab, timing and power systems are couplets, the operation 

is complete and the area ready for evacuation. 

By powering all of the equipment in the cab with batteries, 

no power stand-by unit complications arise. Simple type 
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D.C. generators *ay be used to recharge the batteries, 3y 

this æthod, all aajor potential losses in cables are elim¬ 

inated, establishing tine is reduced, and reliability is 

increased. 

Because the cab nay be insulated, heraetically sealed and 

dehumidified, no deterioration of film or equipment occurs 

in hot humid climates and the cab nay be heated in cold 

climates. 

The rery complicated time control circuit that mas used on 

Sandstone is strictly laboratory type and requires a great 

deal of maintenance to guarantee reasonable probability of 

operation. A much simpler system based upon a series of 

cams mounted upon a single shaft is described in Appendix 

XXIX. This system is designed to be a reliable field test 

system, making use of camera shut down upon film exhaustion 

in each camera and cam-contact type starting. The system 

employs a synchronous motor drive controlled by a tuning 

fork or crystal controlled clock, the motor being clutched 

to the cam system by a splined shaft controlled by the cen¬ 

tral timing center. 

By incorporating the ability to ship the entire tower equip¬ 

ment as a unit from the ZI, slightly greater ZI cost is en¬ 

countered, but the field cost in time, effort and manpower 
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is very greatly reduced. By use of such things as built 

in telescopes for alignment, optical "Twirdows," standard 

cab for many units, built*in test panel and instrumenta¬ 

tion, and other items as described ln Appendix XU, tbs 

time required for the field installation is so greatly re¬ 

duced that the overall cost of an operation would be ma¬ 

terially lessened. The probability of reliable operation 

is greatly increased. 

3. The Time Control Unit 

The Sandstone tests were conducted using submarine 

cables radiating from a central timing station to each of 

the units to receive a timing pulse. The expense Involved 

and the time required in this system preclude the utilisa¬ 

tion of many small stations conveniently placed. The sys¬ 

tem also has severe limitations In combat operations where 

units may have to be placed in drone controlled vehicles. 

Appendix XXX discusses several electronic possibilities 

that make use of either VHF Frequency Modulation or Radar 

techniques to supply the needed timing control. By using 

slther a dual channel system, or one with two tones on a 

single channel, or a combination of these two systems, a 

control network may be produced wherein a continuous signal 

holds a relay in the 'safe* position. Another continuous 

signal can only start the action after the first signal has 
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been stopped. The tine between the cessation of the first 

signal and the comneneement of the second signal nay be 

nade very snail, less than one-one-hundredth of a second* 

The action can not then be started unless the first signal 

is interrupted and the second signal started within the 

very short tine interval designed into the equipnent. Be» 

cause no natural or nan-made signal can Interfere with the 

first signal, the equipnent cannot be tined too early. If 

equipnent failure causes the first signal to cease, the 

second signal mist start within the very short tine inter» 

val ox the tine unit will not operate. The probability 

that this will accidentally happen is very renote especial¬ 

ly where the VHP Frequency nodulated systen is used as there 

are no Fit static sources in nature and the few nan nade ones 

nust occur in an exact sequence. If greater reliability is 

needed, two tone channels on each of two carriers nay be 

employed to operate two independent systems in parallel. 

Directional antenna add even greater reliability. 
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IV. CONCLUSIONS 

Fron experience on Crossroads with the Air Unit, with 

Sandstone as Director of Tower Photography, and fron the 

foregoing presented information, it is concluded that) 

A. ADVANCE PLANNING 

While the Photo Tower Mission was a success and the 

plan under which this mission was established was adequate 

considering the tine allotted and the procurement diffi¬ 

culties encountered, the mission could have operated at a 

greatly-reduced cost in time and manpower had adequate 

time and planning been done in advance of the actual oon- 

mencement of the project. The stockpiling of prototype 

equipment, the development of ideas and equipment, and the 

analysis of the things that would best come out of any an¬ 

ticipated test during the periods between tests would 

greatly enhance the value of the tests and would reducs 

the cost to accomplish the total mission. 

B. TRANSPORTATION 

While the transportation system to the theater did 

eventually transport most of the Photo Tower equipment end 

personnel to the appropriate final destination, that sys¬ 

tem nearly caused the failure of the Photo Tower Mission 
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on the X-ray t*et because of the very slow nsnner in which 

the wen and equipment were delivered. The transportation 

system to a theater of operation must be dependable both as to 

getting the shipped items to the proper destination and in 

anticipating the schedule that the system can make good. 

A guaranteed schedule not made good is far worse than an 

unguaranteed delivery system in which an anticipated delay 

occurs. 

C. PREPARATION TIME 

Preparation time must be increased, thus decreasing 

field time and increasing the probability of reliable oper¬ 

ation. 

D. COLLABORATION OF THE MILITARY AND SCIENTIFIC 

Much greater value to the United States would result 

from combined military and scientific studies carried out 

to recommend the manner in which tests of the Sandstone na¬ 

ture may be utilised for testing of the other tools of com¬ 

bat in addition to the weapon being tested. The reconnais¬ 

sance aspects not exploited in the last two tests are good 

examples of this. These studies should tabulate the com¬ 

plete needs for the test and from these studies, prototype 

equipment should be assembled; from these, lists should be 
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produced from which conplete equipment may be rapidly 

procured and assembled. 

E. TRANSPORTATION AND COMMUNICATION AT THE SITE 

[ 

* 

* 
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Transportation and communications at the site of the 

test are of greatest importance. Sandstone demonstrated 

very clearly the need for small aircraft travel, the 

difficulties encountered in scheduling and operating. 

The system demonstrated further that the need had not 

been as well anticipated as it should have been. 

Completely adequate local air and surface transportation 

is an absolute must if a complex job of the Photo Tower 

type is to be successfully accomplished without undue 

time delays and expense. Communications that work 

are of great importance. The time wasted with 

unreliable communications not only slows the operation 

but very greatly taxes the patience and tends to 

destroy the aggressive approacn of many of the men. 
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APPENDIX I 

PHOTO TOWER PHYSICAL REIATIONS 

1. Photo Towra Used 

Four photo towers were used to support and house the 

photographic equipment used for the three Sandstone Tests: 

I, I, and Z. The Coral Head (also termed Reef, Shoal, lagoon) 

Photo Tower was used on each test while each of the other 

towers were used but once: 

Test Photo Towers Used_Facing Zero Tower ?E1 

X Coral Head Aomon 

ï Coral Head Runit 

Z Coral Head Aniyaanii 

The cabs of the Aomon, Runit, and Aniyaanii Towers 

were installed with their apertures facing the 2, Y, and Z 

Zero Towers respectively. Because the cab of the Coral Head 

Tower was not rotatable, it was necessary to make two "faces" 

in this cab, a North face aligned toward the X Zero Tower on 

Engebi, and an East face aligned approximately toward the Z 

Zero Tower on Runit. The North face alone was used for the 

X test, the East face for the Z day test, while both faces 

were used for the Y day test with the camera equipment set 

diagonally in relation to the faces instead of perpendicularly. 

Engebi 

Aomon 

Runit 
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2. Surveyed Relationa 

Figure I-A, Surveyed Relatione, shows the surveyed re¬ 

lations between the established reference points of the test 

sites. Notice that the Coral survey station is not the 

Coral Head (Reef) Photo Tower j that the Elgin, Graf lex, 

N. Base, Runit, Sand, and Aniyaanii markers are not either 

zero nor photo tower sites but are permanent bench narks. 

For exact relations existing upon the islands refer to Los 

Alamos, J-Division maps: 

NJ 3201 D 

MJ 3301 D 

MJ 3401 D 

which may be tied together ty nap 

MJ 3606. 

These maps give the distances and azimuths of all important 

positions including the photo range poles. 

3. Photo Tower Relations 

Figure I-B, Photo Tower Relations, is a simplified map 

showing the center lines of the camera alignments from each 

of the towers for each of the three tests. The arrows indi¬ 

cate the direction of view of tie cameras: the Z, ï, and 

Z indicating the tests to which the arrows apply. The ter¬ 

mination point of the arrowed lines represents only the ap¬ 

proximate positions of the Zero Towers, 
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4. Tftble of Data 

Tabl« I, Surveyed Data, gives the exact survey data as 

derived by the DSN survey of 1944Í «xpanded and correctad 

by the D.S. Any Engineers in 1947» J Division, las Alanos 

Scientific Laboratory, Los Alanos, law Mexico can supply 

additional information on the surveys. The azimuth data in 

South Azimuth, i.e., the readings are given in a clockwise 

direction from true South, as shown fay the circular arrow 

in Figure I-A. 
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AZIMUTH DISTANCE 
IN FEET FROM TO e ' " 

NO. BASE U.S.N. 1944 SAND U.SN. 1944 327 56 52.40 

SAND U S N. 1944 NO. BASE U.S.N. 1944 147 57 15.78 21.917.0 

CORAL NO. BASE U.S.N. 1944 255 01 25.04 24.589.7 
II SAND U.S.N. 1944 289 02 52.95 37.440.0 

RUNIT CORAL 90 50 32.70 28,9019_ 
II NO. BASE U.S.N 1944 142 47 27.46 8.503.818 

KODAK CORAL 120 56 2870 47.2681 
II RUNIT 154 00 12.79 26.562 8 

GRAFLEX NO, BASE U.S.N. 1944 335 23 28.37 27.529.9 
II 

CORAL 21 23 21 18 33.702.3 

ELGIN GRAFLEX 297 00 43.32 26.972.4 
II 

CORAL 343 08 00.30 46.530.1 

REEF PHOTO TOWER ELGIN 180 09 0400 40.715 
Il II II 

CORAl 285 39 19.73 14.132.2 

REEF PHOTO TOWER RUNIT ZERO TOWER 266 31 08.64 38.043.2 
Il II II 

AOMON " 223 22 17.41 37.274.9 
H H II 

ENGEBI " 176 16 49.13 43.608 6 

ANIYAANI " RUNIT 151 58 51.18 34.516.3 

RUNIT AOMON " 154 09 19.38 27.2638 

AOMON ENGEBI " 118 55 49.96 32.891.2_ 

0« 

FIG. la. SURVEYED RELATIONS 
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APPENDIX U 

DESCRIPTION OF TUE PHOTO TOWERS 

1. Complete Description 

A complete engineering description of the Navy-Radar 

type towers used for the photo towers is on file with 

J-Divislon, Los Alamos Scientific laboratory, Los Alamos, 

New Mexico. 

2, Brief Description 

Briefly, the four towers consisted of angle iron sup¬ 

porting construction seventy-five feet tall, upon which 

were mounted sheet metal covered cabs of 12 X 12 X 8 foot 

external dimensions. The steel was mounted upon four con¬ 

crete pedestal foundations. Steel framed windows were 

mounted in each side with a 2 X 10 foot aperture in the 

side facing the Zero Tower. A stairway was supplied which 

wound around inside and outside of the tower framework, 

terminating on an external platform by the single metal 

door. A hand operated winch-activated-"dumb-waiter" type 

of elevator running between channel rails was supplied. 

The upper terminus of the dumb-waiter was a trap door in 

the floor of the cab. The Coral Head Tower was set upon a 

plank platform mounted on concrete clad steel channels. 
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Adjacent to the tower foundatione waa a power honae built 

upon a smaller but similar type platform* The Coral Head 

Tower had a 2 x ?0 foot aperture added to ite East face in 

addition to the standard aperture in the North face. 

3, Elevator rnadwqtiaalaa 

So many things were wrong with the C^ral Head Tower 

elevator that the majority of the equipment wae carried up 

the steep narrow stairway. Neither the contracting agency 

which erected the tower nor the Army Engineers accepting 

the structure tried to elevate the dumb-waiter platform« 

The first attempt to operate the elevator by the tower crew 

resulted In the jamming of the elevator close to the top. 

Inspection showed that the rail supporting brackets at the 

top were Installed backwardsf thus bending the guide rails 

inward. The body of the report summarises other character¬ 

istics found on all elevators. The concept, design, and 

installation of these lifts were entirely inadequate« 

4. Coral Head Tower Offloading Facilities 

No suitable landing and offloading facilities were 

supplied with the Coral Head Tower facilities. Upon com¬ 

plaint from the Director of Tower Photography, the Amy 

Engineers built an unsatisfactory crane to be operated by 

men pulling on a rope while standing cn a narrow catwalk. 
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The compression arm of the crane «as so low that the loa 

on the bottom block of the block and tackle suspended under 

the compression arm would not lift the loads above the cat¬ 

walk with the result that all of the largar objects had to 

be wrestled onto the power house catwalk, then rolled or 

carried down the steps onto the tower base platform. The 

request for an offloading float was turned down for various 

mysterious and inadequate reasons, A near water level cat- 

walk was later added. This was an Improvement but still 

was not adequate, especially from a safety standpoint* It 

is emphasised that unloading from a bouacing LCM is danger¬ 

ous at beet* 

5* Pictorial Demonstration 

The following pictures with comments amplify the fore¬ 

going discussion. 

- 124 - 

.• .- “«’■ >v _«'■ ^ .v .'■-'r- »** >V-V' \V • 

r. -* -• -* , 
A M 

’ %i" %' 
. . ■*- ■*- •*. * * * * c* *** 'S 

' , • , • ^ * * ** * F * * » „ " * * «• * « m » * I- 

• , • •. * .- / " 
, . . • n ^ ‘V *,* .p**í*•*»,*• •***’,*"<«*» - — 



I 

» — V - ¾ - JUJKSUUUEnr 

1 

l 

!* • 

k ^ 

« 

h 

f 

PA-52-5^f>8-l This shows a general view of the Aniyaanii 
Tower which Is similar to the other towers. The truck ie 
backed up to the elevator bottom landing, the two guide 
rails of the elevator system and the lift cables shown ris¬ 
ing behind the truck. The four visible cables to the right 
and left of the tower are catenaries aaded to the tower de¬ 
sign by the Army Engineers to reduce tower sway in the event 
of a high wind. The cables were left loose by the tower 
crews to prevent the possibility of a high frequency vibra¬ 
tion which might develop because of the elasticity of the 
cables. The face of the cab shows the 2’ x 10' opening used 
as a camera aperture, the removed window opening also used, 
and the two small holes which were cut into the sheet metal 
front to allow rigging the curtain to the front of the cab« 
The curtain has not yet been installed. The storage shed 
is behind the truck. The tarp on the lower girders is for 
rain protection and a sunshade. 
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PA-52-5f»75-8 General view of the Aniyaanü Tower site be¬ 
fore the tower photo crew arrived. This shows the ground 
conditions which give rise to blowing sand and dust, the 
catenaries to the four corners of the tower. 
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PA-202-7363-12 This is the Ani/aanii diesel power shed with 
the two diesels installed. No gasoline 28V units were used 
in this installation because of the failure of those units 
to arrive. 
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PL-440-7058-11 The Anlyaanii beach landing for LCM and 
lighter craft. The steel matting is for the trucks. 
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PL-440-7057-10 The only Sandstone installation on 
Aniyaanii was the Photo Tower. A shipping marker shows in 
the extreme left of the picture. The unbroken palm forest 
prevented wind circulation on the ground which made for 
uncomfortable temperatures. A living platform was eventu¬ 
ally built above the tree level. 
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PA-202-7257-6 General view of the Coral Head Photo Tower 

showing the power house on the right with the boom from the 

crane rotated across the doorway. The barrels are residing 

on the upper catwalk. Just above the water level and under 

the upper catwalk, is the unloading catwalk with the steps 

leading to the tower lower platform. Immediately above the 

DO NOT LAND sign is the elevator winch placed in a very con¬ 

venient position for pushing the operating personnel into 

the shark infested lagoon. The picture is taken of the 

western face of the tower. The canvas is the storage area 

in which the men often spend nights rather than to make the 

long time-consuming trip to Runit and return. 
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PL-424-4421-2 A view showing the southern and eastern 
faces of the Coral Head Tower. The eastern face still has 
the original metal door in the 2’ x 10' aperture. This 
door was removed when the curtain was installed. Notice 
the ventilators in the re#r of the power house. The radio 
antenna is protruding above the cab roof. The elevator 
rails show on the left side of the tower. 
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PL-563”5361-6 A "tepee" was added to the cab for the 
Y-test. This was to be jetisoned after a radio-activ* 
fall-out, thus removing any hazard while the tower was 
made ready for the Z-test. No fall-out was measured. 
The elevator platform is visible just below the cab 
floor level as it rises into the cab. The man on the 
lower platform is fishing for shark. Shows also the 
crane and catwalks. 
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PA-203-7267-4 The very poorly designed and installed 

"tepee1' flapped in the breeze and soon cut through at the 

corners. It was made from a tent, just "rigged", not fash¬ 

ion fitted to the cab. In addition to preventing cooling 

circulation through the cab while men were working, it cre¬ 

ated eddy currents and may have created more hazard than 

was inherent in the original cab. 
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PA-202-7256-5 The inadequate crane, the catwalks, sharp 

edged boat tie-up cleats, and the old winch (left) with the 

new winch (right) for the elevator show in this close-up of 

the Coral Head Tower landing facilities. 
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PL-563“53i'5“10 Landings at the Coral Head Tower were al¬ 

ways interesting and hazardous. This was after the water 

level landing was built. Before, a flying leap onto the 

steel ladder was the only way. 
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PL-5é3-53é4-9 A worried and wetted photographer prepares 
to go aboard a small craft. 
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PL-440-705I-4 The Coral Head Tower group visits Runit 

Island Tower. Navy Lt. Robert L. Warner (right) made an 

outstanding contribution to the photo tower operation. 

Air Force CWü Lloyd Davis (left) was another very valuable 

man. 
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PL-56l-534>12 Scale relatione are sho^m between the 
Photo Tower and the Zero Tower on Aomon« The photo range 
marker boards show against the palme in the extreme right. 
These palms which were destroyed by the Y-day test should 
have been used for an infra-red test to determine the abil¬ 
ity to detect damage in treed areas. 
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PL-571-5451-12 The Aomon range marker shows between the 

Zero Tower and the abandoned Photo Tower. Two more range 

markers were installed on Bijiiri Island. The original 

marker pole, the taller one on the right side of the board 

could not be resolved by the cameras from the photo towers. 

The pole on the left was then added and the planks nailed 

on. The poles were set so that the perpendicular to the 

plane of the boards would bisect the angle formed by the 

lines of view from the board to the Zero Tower and to the 

Coral Head Tower. Thus, the face of the board was illumi¬ 

nated by the detonation giving maximum light transfer from 

the detonation to the cameras. Three of these boards were 

put up for each detonation. Unless otherwise specified, 

range measurements from the center line of the Zero Tower 

to the marker will be the straight line distance from the 

Zero Tower center line to the center of the range pole on 

the right (the taller one, farther from the Zero Tower in 

each instance). Very interesting results were obtained by 

the Impact of the detonations on the range poles and boards. 

See a detailed damage account in results of test. 
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PA-199-5 The tall pole to the right was originally set as 

a Photo Tower range marker. It was later decided that a 

greater area should be presented to the cameras to aid in 

resolution. The left pole and the cross boards were then 

added. The boards were added on the backs of the poles, the 

front sides then being painted. 
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PL-315-2760-12 An aerial view of the Zero and Photo Towers 

on Runit, showing the landing facilities and road network. 
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Plr84-22I4-^ Loading the first load onto the Coral Head 

Tower elevator. Notice the K-24 camera racks in the fore¬ 

ground. 
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PL-84-2215-7 The first load starts up on the Coral Head 

Tower elevator. Notice that the point of support of the 

elevator is well below the center of gravity and displaced 

horizontally away from the center line of thrust. The re¬ 

sulting torque tends to rotate the elevator. The unevenness 

in the guide rails also cause a lateral twisting, which 

tends to bend the wheel brackets. This load failed to ar¬ 

rive at the top, the platform becoming stuck. The remainder 

of the equipment was carried up the stairway. 

U6 - 

.«-i 



~ V V” A . w V- 

% 

K- 

PL-44O"7O5O-3 The Rimlt elevator was repaired and became 
quite useful. A heavy load is being taken up while careful 
supervision is given from the top landing. 
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PL-85-2874-6 Notice the man on the steelwork watching the 
wheels of the elevator as a power hoisted load goes slowly 

up. The weapons carrier at the right is using its winch to 
hoist the load. 
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PL-85-287>5 A load on the Aomon elevator ready to go up. 
The cable sliding around the winch drum cut grooves Into it. 
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PL-440-7048-1 The weapons carrier hoists a load on ftunit. 

The men soon learned that standing under the tower during 

lifting operations was a sure way to go home, in the horizon¬ 

tal. Sometimes the surface was not so soft and the cable was 

hooked to the bumper of the vehicle so that the platform was 

elevated by backing the truck. This method was especially 

good for lowering the equipment. 



PA-203-7270-7 This load going up on Aniyaanii shows the 

trap door in the floor of the cab already open. Curved 

rails on the elevator were designed to open the trap door 

but because the curved rail first made contact with the 

trap door close to the hinge line of the door, very high 

loadings on the elevator resulted. The door was usually 

manually opened before the arrival of the platform. 

- I5I — 

» * 

/*»:% .■ 
, . . ' * * » * * - - 
»,*' • •'l" * " v" ». 



1 L 
J» ' J -• 

-1 
il I. III. II. I. U I. I.. IU .1^. I 

PA-52-5672-5 Two of the Fastax time control panels are 
loaded onto the Aniyaanii elevator. The O'Brien type camera 

is on the ground to the right. 
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PL-440-7052-5 The Fastax camera cases are carefully tied 
to the elevator. This saved several loads of equipment 
from being dumped. One load of Fastax cameras was dumped, 
none were damaged as the safety tarp in the background 
caught all but one which only smashed its case. 
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PL-440-7049-2 Unloading directly from the weapons carrier 

onto the elevator saves effort. The block saved the cable 

from cutting up the hoisting drum. Good blocks must be used 

or the cable will spread the faces and cut between tne pulley 

and the face. 
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PA-202-7252-1 A bolt shank was welded onto the elevator 

frame so that the elevator could not turn over when it 

jumped the track. It was still wise to tie the load to the 

platform to prevent sudden motions from spilling things. 



APPÄNDn ill 

BRIGHTNESS VS. TIME 

1. Source of Curvee 

The following curves of brightness plotted against 

tine were obtained from the Los Alamos scientists (especially 

B. Brimer) as the best available pre-X-data, The seien- 

tiste used measured values from the Trinity and Able dar 

tests modified by technical considerations of the X-ray 

weapon to produce what they considered to be a fair guess, 

2. Scales 

The brightness scale is the log, of the brightness in 

relation to the sun's brightness which is taken as 160,000 

candles/cm , or 1.5 X 10 candles/f*. . The time scale is 

the log of the time in seconds. The antilog of the scale 

reading will give the values in brightness relative to the 

sun, or time In seconds, 

3. Atmospheric Correction 

The upper curve of the first set of curves is the aero 

range or vacuum curve. The lower curve is corrected for 

an average clear Mid-Pacific day based on a transmission 

factor of 80 per cent per mile for six nautical slant range 

miles. This figure was obtained from Or. Brian O'Brien, 
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University of Rochester* The lover curve is approximately 

26 per cant of the upper curve. 

4* Filter Selection 

The curves to the right show the light latitude of the 

color and black and white films used. The vertical distance 

between the two outside lines shows the total normally use- 

able latitude of the film. When using the center line as 

the exposure setting, the upper line gives the n-rimmi light 

that the film will record, while the lower line shows the 

minimum light. The horizontal projection of vertical lati¬ 

tude gives the band of light that will be recorded from the 

detonation of a bomb with the characteristics shown by the 

Brightness Curve. The intersection of the band of light 

with the Brightness Curve gives the time, or section of 

curve, over which the film will record. Filters are chossn 

for the various cameras to slide the bands up or down until 

all times will he recorded. The block of horizontal lines 

shows the designed cut-off time of each of the cameras in¬ 

stalled in the towers. Thus, the tine coverage may be fig¬ 

ured from the center line of the latitude curves and the 

cut-off of the individual cameras. 

5» X-Day Confirmation 

The filters for the Photo Tower cameras for X-Day were 
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calculated from these curves. Preliminary examination of 

the film indicates that the highest brilliance was nearer 

to 1000 suns than to the 4OO as anticipated. Actually, this 

made little difference in view of the method by which the 

filters overlapped. 

6. Plotting of Results 

It is suggested that careful measurement of the Trinity, 

Able, X, Y, and Z test films would lead to data from which 

very interesting relations might be derived. It might be 

possible to relate the time required for the brightness to 

drop to the first minimum to the equivalent tonnage of the 

weapon. If this were possible, it might lead to a simple 

combat method of determining the efficiency of explosion of 

the weapon. The relative areas beneath the curves might 

also give significant hints, as might also the changing na¬ 

tures of the curves, 

7. Future Measurements. 

It is suggested that various direct recording methods 

to rapidly measure and record the brilliance phenomena 

should be developed for utilization in subsequent tests and 

that these be considered for development as combat weapons. 

If the illumination curves derived using atomic weapons as 

the source of illumination show the same general character- 
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iBticB as the Brilliance Curvee, then single photo-electric 

pick-up and electronic recording devices In the bomb carry¬ 

ing aircraft will be able to immediately give a good deter¬ 

mination of weapon efficiency. 
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APPEÎIDn IV 

CAMERA SELECTION 

1. Original Plan 

The following extract is taken from the "Photo Tower 

Bible" and is the thinking upon which the cameras for the 

towers were selected: 

CAMERA UTILIZATION AND JUSTD'ICkTION 

FASTAX SERIES 

PRIMARY BRACKET 

Three Fastax Cameras F-l, 2, 3, constitute 

the basic sequence to record phenomenology. The 

times of start of the individual cameras in this 

block are set close together and ahead of zero 

time far enough that the cameras will be above 

9»000 frames per second at zero time. These cam¬ 

eras continue to accelerate until they run out of 

film at which time they will be running approxi¬ 

mately 12,000 frames per second. F-l with a 15" 

lens is to record minute details of the initial 

phenomena. F-2, with the 10" lens is to record 

tho initial phenomenon on a less detailed basis 

and over a longer period of time as the phenomena 
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grows out of the frame size of the 15" lens. F-3» 

with the 4" lens is to record the initial phenom¬ 

ena on an even less detailed scale and over cm 

even larger area. The millisecond time marks on 

each Fastax film will relate all films to the in¬ 

itial phenomena and show the relation between the 

various details as expanded in the various focal 

length lenses. 

COLOR BRACKET 

Two Fastax cameras F>*4 and 5 with 4" lenses 

are included to record the primary phenomenology 

in color. These cameras are started next In time 

sequence to the primary bracket and are thus rui>- 

tving slightly slower at zero time, but continue to 

operate for a longer time after zero. 

SECONDARY BRACKET 

Carnerea F-6, 7, and 8) are included to assure 

adequate Fastax coverage in case of time, mechan¬ 

ical or electrical malfunctions of the primary 

bracket. These cameras repeat the operations of 

the primary bank starting 0.2 seconds after the 

primary. This allows adequate coverage of the ba¬ 

sic phenomena in case that the time signal is off 
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in time as much as 0.3 seconds. If the time sig¬ 

nal is correct, this bracket gives additional pic¬ 

tures which will be valuable for statistical 

analyses. 

INFRA-RED BRACKET 

Fastax F-9 is included to record the primary 

phenomena, and the start of the nitrogen fire, in 

infra-red. This will demonstrate the utility of 

infra-red recording under this type of test and 

may also give superior results if the atmospheric 

conditions are unfavorable to conventional record¬ 

ing. 

LONG TIME BRACKETS 

Fastax cameras F-10 and 11 equipped with 4" 

lenses are slow naming cameras included to show 

the growth of the phenomena over a relatively long 

period of time and are set to include the entire 

useful light period. 

MOVIE SERIES 

The movie series M-12, 13, U» 15, and 16 in¬ 

clude a high speed 35“®i Mitchell, two standard 

35mm Mitchells, and two 16mm Maurers. The high 

speed Mitchell is included to record the basic 
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phenomenology and to supply high speed documentary 

coverage of the primary and secondary phenomena. 

The low speed Mitchells are included to cover the 

secondary documentary phenomena over a continuing 

period which includes all of the usable light. 

The 16mm Maurers are included to cover the sec¬ 

ondary phases of the documentary phenomena in col¬ 

or. One of these is high speed (64 fpe), and the 

other, standard (24 fpe). 

REPETITIVE STILL SERIES 

K-16 CYCLED 

Three K-16 cameras K-I7, 18, 19 ere included. 

These cameras are cycled so that each camera takes 

one exposure every three seconds and the bank 

takes one every second. The cameras are included 

to produce large negative areas for precise shock 

wave measurements:, water reaction studies, and 

for Documentary purposes. The bank in tower #1 

will be loaded with black and white while the 

bank in #2 will be loaded with color, the color 

being of primary documentary value. 

K-24 CYCLED 

Two banks each of four K-24 cameras K-20 



thru 27 are included. Each bank is cycled to give 

one exposure every l/lOth second, each camera op¬ 

erating every 0.4 second. The prints from these 

negatives will be the source of the basic documen¬ 

tary study by which the other films and documenta¬ 

tions will be tied together. One bank will be 

black and white, and the other in color. 

SPECIAL EQUiTLm 

SONNE S-7 

A Sonne camera, S-28, is included to act as 

a "smear" camera from which accurate width of 

phenomena measurements may be made. Millisecond 

marks on the film will tie this "smear" into the 

Fastax series. 

O'BRIEN 

An O'Brien camera, 0-29* is included for 

ultra high speed recording of the basic phenom¬ 

ena during the first few milliseconds. 

DISPOSITION OF EQUIPMENT 

The foregoing list of cameras will be dupli¬ 

cated in each of two towers for each test, the on¬ 

ly difference in utilization being in the K-18 

cycled series. The Shoal Tower will use black and 
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white in the K-18’8 while the migrating or island 

based tower will expose color. 

2. High Sneed Movie 

A Bell and Howell Bit camera was added to the above 

list. This camera, B-30, was added to give high speed mo¬ 

tion color coverage, its speed being 128 fps on 16mm koda- 

chrome. 

3. Mounting and Descriptions 

The methods of mounting the cameras are givefa in Ap¬ 

pendix VII} pictures of the cameras appear in this appen- 

- dix, and also in Appendix II. 

4. Table of Des^ffn Characteristics 

The two following Tables I and II show the design data 

used with the selection of the cameras. 

The first column of each table gives the commercial or Air 

Force name of the camera. The second column gives the tow¬ 

er camera position number. Thus, in 1F1, this equip¬ 

ment will go into tower 1, the Coral Head Tower, it is a 

Fastax for camera position 1. 21Í12 designates the equip¬ 

ment as being for tower 2, the Island Tower (later this 

will be 3, then 4, as the equipment moves from the Aomon to 

Runit to Aniyaanii Towers); as a lúitchell for position 12. 
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The lens column gives the approximate focal length of the 

lenses to be used in each of the camerae. For the exact 

focal length of each lens, see the data summary sheets for 

the test desired in the body of the report. 

The film column gives the Air Force classification of the 

film speed to be used. 

L has a Weston speed of 100 a super XX 

M is color 

A has a Weston speed of 50 a pan X 

K is infra-red 

The cycling column gives the speed data from which ex¬ 

posure and time between frames may be derived* Note that 

the 12,000fps given for the Fastax cameras is the ultimate 

speeds, not necessarily the speeds at which initial detona¬ 

tion photography was accomplished. For more details, see 

Appendix V, Fastax Acceleration Curves. For various rea¬ 

sons, the field utilization varied from these values. See 

the summary sheets for actual utilization. The K-18 and 

K-24 banks were cycled; i.e., three K-lß'e were electri¬ 

cally synchronized so that while each camera took one ex- 

posture every three seconds, the bank took one every second. 

The X-24's were synchronized in banks of four, each camera 

making an exposure every 0.4 second; the bank making an ex¬ 

posure every 0.1 second. Two K-24 banks were installed in 

each tower. The Sonne was run at 40 inches per second, the 
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highest speed for which it was designed. 

The start column is given in seconds before detonation. 

Camera 3J1 was to be set to start accelerating at -0.6 sec¬ 

onds before detonation, to run one second as shown in the 

run column, and to be shut down at 0.4 seconds as in the 

stop column. These were design times, derived from the 

time of operation considerations to give overlapping of cov¬ 

erage and latitude in case of central time control error. 

For actual field usage after the X-Day test, see the appli¬ 

cable data sheets. FX, QX, and X conformed with these val¬ 

ues. Later tests used various "corrective" times designed 

to overcome the timing errors so that the results would give 

the designed overlap. 

Under added notes is given the film length. Some of these 

were later changed. 
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APPENDIX V 

FASTAX ACCELERATION CURVES 

1. Fastax Acceleration 

The attached curves show that Fastax cameras operated 

to reach high terminal velocities are still accelerating 

when the film is exhausted. When the number of frames per 

second is specified loosely, it is generally the terminal 

velocity frames per second that is given. On the attached 

curves, which are approximate, the speed at detonation 

time is different for each camera, the speed depending up¬ 

on the accelerating time before detonation. The curves 

for slow running Fastax cameras like F10 and 11 reach ter¬ 

minal velocity and the speed then remains constant over the 

recording period. 

2. Effect of Time Discrepancy 

The effect of timing errors or discrepancies may be 

shown ty moving the zero time mark in the direction of er¬ 

ror. Thus, a 0.2 second error where detonation occurs ear¬ 

lier than planned reduces ï 

F 1 from 10,200fps to 7,900 
F 4 from 8,800fps to 6,500 
F 9 from 6,400fps to 2,600 

but does not affect F10 or 11. The timing difficulties in 

past atomic weapon testing have demonstrated the wisdom of 
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staggering the starting times of Fastax or other short oper¬ 

ating time cameras. 

3. Footage Curve 

The footage curve shows the rate of use of film versus 

time for a Fastax camera operated as is FI of the accelera¬ 

tion curve. 
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APPENDIX VI 

REPORT OF THE CORAL HEAD TOWER CHIEF 

1. Source of the Report 

The included report by Robert L. Warner ie derived 

from his experience in helping to gather the equipment, 

assemble the unit in the ZI, and then in commanding the 

Coral Head, or number one Photo Tower. 

2. Contents of the Report 

The following outline of the report gives a breakdown 

of the included material by paragraphs? 

Paragraph Number 

1. Design and Construction Considerations 

2. Control Requirements 

3. The Power System 

4. Power Distribution 

5. Time Signal Relays 

6. Relay Characteristics 

7. Correction of Relay Failure 

8. Sub-panel Controls 

9. Fastax Operation and Control 

10. Control Failures 

11. Built-in Booby Trap 

12. Inadequate Industrial Timers 
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13. Poor Assembly of Industrial Timers 

14. Relay Inadequacies in Industrial Timers 

15. Future Technical Liaison 

16. Early Assignment of Technical Personnel 
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HEADQUARTERS 
311TH AIR DIVISION, RECONHAISSAHCE 

ANDREWS AIR FORCE BASE 
WASHINGTON 20, D.C. 

M" ... 

’•'.NV-'»' 

. ^ 

1 June 1948 

FROM: Tower Chief, Photo Tower #1. 

TO: Director of Tower Photography, Project Sandstone. 

SUBJECT: PHOTO TOWER REMOTE CONTROL, REPORT OF' 

1. This report is submitted for the purpose of clarifying 

certain features of the design and construction of the remote control 

equipment used in the Photographic Towers duri?/* Project Sandstone. The 

design was developed over a period of three months (Duc. I9V7 to 

Mar. 1948) and was dictated largely by the characteristics of equips»nt 

already under contract and the availabilit: of electrical components 

necessary to the construction of the timing circuits. Last minute 

changes in the photographic plan and repeated delays in delivery of 

electrical components ordered out of Air Forces Supply forced abandonment 

of the original design. The final design may best be termed an adequate 

compromise. Successful operation of the system was the result of close 

calibration and continuous maintenance in the field. 

2. Tower photography required the control of some 

thirty cameras and auxiliary equipment from two timing signals wired 

into the installation by submarine cable. The signals were generated 

by the master timing station and were timed to arrive at Zero minus one 

minute and Zero minus one second. These signals were required to actuate 

cameras starting at times ranging from Zero minus one minute to Zero 

minus O.3O second and operating for intervals ranging from one second to 



15 minutes. The general system used is sketched briefly in the following 

sections. Reference should be made to the block diagram of the tower 

circuits. 

3. The types of cameras specified for the tower locations 

required the installation of both 120 volt, 60 cycle A.C. and 26 volt 

L.C. power supplies. The A.C. system incorporated two 15 kw diesel- 

driven Ready-Power Units with autcratic switch gear to drop one machine 

fra» the line and co.mect in the other in the event of power failure. 

These generators were Installed by the Army Engineers to operate frem 

100 gallon auxiliary fuel tanks, for the most part they were running 

light. Under such conditions the machines will operate in excess of one 

hundred hours on one tank of fuel oil. The total operating time of these 

units during the operation was approximately 250 hours. During this 

period a minimum of maintenance was required and operation was generally 

satisfactory. Only one generator failure was experienced but this 

occurred at a critical time and definitely Justified the installation of 

the stand-by unit. The D.C. Power was supplied from «1 7.5 kw CI3A 

gasoline powered generator with two 117 aapera-howr, 12 volt storage 

batteries connected in series acro- the line. The C13A was provided 

with an auxiliary 50 gallon fuel tank, extending its operating time to 

approximately thirty hours. These units operated for extended periods 

generate considerable heat and must be well ventilated. Otherwise only 

standard maintenance procedure was required. The Operation of the D.C. 

System was considered satisfactory in every respect. 

k. The generators for the tower installations were located 
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in a power house at the base of the towers necessitating a run of 85 to 

100 feet for the power cables. Power cables on both systems were 4/0 or 

larger. The A.C. System was wired four wire, three phase; the D.C., two 

wire ungrounded. Voltage drop in this distance under full load conditions 

made it desirable to operate the generators at 120 volt no-load. Voltage 

drop in the D.C. lines was minimized by locating the batteries at the 

top of the tower. This is reccnuaended as good practice where heavy 

transient loads ray momentarily lower the D.C. voltage to values in the 

vicinity of drop-out for the relays, especially where shock is anticipated. 

5. The Block Diagram illustrates the manner in which 

the cameras were controlled from the -M and -S signals. The system uses 

a 4-pole Master Relay (Raytheon DK-ll) which is closed by the timing 

signal to set into operation a syster of timers. These timers actuate 

the camera circuits at the appropriate times and hold them closed for 

the required intervals. On completion of the cycle the timers open the 

holding circuits and stop the cameras. The circuits are wired in such 

a manner that it is impossible to recycle without a recurrence of the 

timing signal. This was one of the primary design specifications. 

6. The camera control system is composed of five basic 

units; the -M Master Relay, the -M Holding Relay Panel, the -S Master 

Relay, the -S Holding Relay Panel and the Movie Camera Power Relay 

Panel. The Master Relay in each case is a Raytheon Type DH-11 Signal 

Relay with a coil rated normally at 7*3 volts, 0.0073 amp. The action 

of the DH-11 is slow and extremely positive. At rated voltage it closes 

in 0.5 second. For tower operation the actuating signal was raised to 
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30 volts, reducing the closing time to 0.13 second. The delay introduced 

into the circuit by this slow closure was calibrated out (according to the 

Timing Station personnel) by using the DN-H relay at all timing locations. 

There is, however, reason to believe that this relay may have been responsible 

for the time lag noticed on the initial test and it is recommended that a 

fast closing relay be used in timing circuits of this type in future 

operations. 

7. The only function of the Master Relays is to initiate the 

action at the proper time. The Holding Relays then take control. The 

Holding Relay panels are designed to operate fron the Master Relays in 

such manner as to control the starting ar* operating times of the individuad 

cameras. The Holding Panels mount a number of 20 volt D.C. relays whose 

time of closure and fall-out is determined by synchronous timers. The 

setting of the timers is determined by the type of camera and the film 

load. Individual relays were employed for each type of camera to reduce 

the possibility of malfunction. The circuit is simple and meets the re¬ 

quirement that it be impossible to recycle. Components used in the 

construction of these panels were those available from Air Forces Supply 

at the time. Special types ordered were never delivered. The relays 

are Leach, 28 volt aircraft type, two and four pole. The synchronous 

timers are Industrial Timer Corp. TD - 60 with 15 minute dial. While none 

of these are precision components their operation during the tests was 

satisfactory. It is to be noted that the timing of the majority of the 

aerial cameras was not critical and accuracy of plub or minus two seconds 

was permissible. The holding relays are however, susceptible to physical 
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Bhock - especially under low voltage conditions. Due to the anti¬ 

recycle requirements of the design once the holding relays are Jarred 

open the cycle is complete and all cameras controlled by that circuit 

are disabled. The original design supplied power to the holding re1 ays 

from the same D.C. source used for the camera power load. Under load 

conditions the D.C. voltage might drop as much as 25$ from the normal 

28 volt value. This drop, coupled with the shock wave, is believed to 

be responsible for the early cut of!’ of cameras on the second test. 

The cause of this malfunction was eliminated by the following: 

1. Shock mounting of all relay panels. 

2. Installation of separate 36 volt battery for 
Holding Relay power. 

3. Installation of camera power batteries at top 
of tower. 

No further difficulty was experienced. It is recommended that similiar 

action be taken in future operations, if it is necessary to employ holding 

relays in the control circuits. 

8. The design of the control equipment is such that the 

Holding Relays are required to handle only control currents. In the case 

of the aerial cameras the power leads are wired directly from the D.C. 

bus. A.C. power for the six movie cameras is supplied through the Movie 

Camera Panel. Relays on this panel are actuated from the Holding Panel. 

The use of the Movie Camera Power Panel eliminated the necessity of long 

power leads to the movie cameras and provided a convenient method of 

testing these cameras without activating the other circuits. The system 

gave no malfunctions. 
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9. The foregoing sections have dealt exclusively with the control 

of the standard aerial and movie camera installations. The high speed 

Fastax Cameras required more precise treatment. At the speeds specified 

by the photographic plan, these cameras operate for slightly less than one 

second. The eleven W.E. Fastax cameras were mounted in two banks and 

controlled by ten Western Electric Type D-177^23 Control Units - more 

familiarly known as the "Goose" Control. The D-177^23 Control is a device 

designed by Bell Labs to permit the operation of the W.E. Fastax Camera 

at speeds in the vicinity of 16,000 8mm. frames per second. Tests run at 

the factory show that it will attain this speed with most cameras end 

maintain speed in excess of 15,000 fps for the last fifteen to twenty 

feet of the standard one hundred foot Fastax roll. The first eighty feet 

of the film is consumed in accelerating the camera to speed. Operation 

at these speeds is accomplished without breaking v,he film by applying over¬ 

voltage to the camera in two steps. The camera atarts at normal voltage. 

An R-C delay circuit operating a fast acting mercury relay delays the 

application of the high voltage until power has been on the camera for 

slightly less than 0.1 second. By this means voltages up to 2Ô0 volts 

may be applied to a camera designed to operate at 110 volts. Tests show 

that the terminal speed of the camera increases very slowly as the voltage 

is raised above 200 volts. For example: l80 volts gives a terminal speed 

of 12,000 fps, 280 volts gives 16,000 fps. The reduced quality and 

corresponding shorter time of run at the higher speeds make it inadvisable 

to operate at speeds in excess of 12,000. In addition there is much less 

stress on the camera. Timers are incorporated in the "Goose" Control to 

tv.v-'.v.-.". 
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permit delay in starting from 0 to 6 seconds after the initiating impulse 

is applied and to set the time of operation at any desired value up to 

six seconds. A Power-Stat voltage control permits the use of speeds down 

to approximately 5,000 fps. Lower speeds may be used if the unit is 

suitably modified to permit operating times in excess of six seconds. 

This modification was made in the tower installation to permit the 

operation of two Fastax cameras at 1,000 fps from a single Goose Control. 

One of the features of the modification is the disabling of the delay 

circuit which is obviously of no use at speeds less than 8,000 fps. 

10. The basic theory of the "Goose" Control is sound 

but it is improperly designed and poorly constructed for use on operations 

requiring field service. The result is a piece of laboratory equipment, 

inconveniently laid out and inadaptable to portable use. The Control was 

a source of constant trouble and was responsible for failures such as the 

following: 

1. Overspeed and damage of two cameras. 

2. Premature operation of one camera. 

3. Operation of several cameras below desired speed. 

4. Loss of two rolls of test film through failure of 
camera to turn off at end of cycle. 

5. necessity for continuous maintenance check and 
adjustment. 

The. most common cause of trouble was failure of the delay circuit. A 

malfunction in this part of the circuit results in the operation of the 

camera at approximately half the desired speed. The majority of 

failures were traced to the mercury relay. This relay is designed to 
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short out a twenty ohm resistor in the camera power circuit at the end of 

the initial delay period (approx 80 milliseconds). These relays are 

apparently too delicate to stand the shock of repeated handling encountered 

in field operations. Failure of either the mercury relay or of the delay 

circuit results in the same effect. The twenty ohm resistor is not shorted; 

remains in the camera power circuit throughout the cycle dropping the 

voltage at the camera and causing operation at reduced speed. A number 

of instances of this type of malfunction were discovered while reviewing 

the QUEEN Tests. A system of checking the operation of the mercury relay 

was devised and made a part of the test procedure. No instances of this 

type of failure during actual operations have been brought to the attention 

of the Tower personnel but it is possible that sane may have occurred. 

11. The "Goose" Control has a number of other troublesome 

features. All connections are brought out to receptacles on the front 

panel. This necessitates wiring fron the front when connection to the 

back would give a much cleaner design. The plug type connectors supplied 

fitted poorly and were not entirely reliable. A particularly troublescme 

feature was the lack of polarized plugs. When a number of "Goose" Controls 

are operated from a single starting relay contact, as was the case in the 

Tower installations, the accidental reversal of the power connection at 

any one of the paralleled Controls will short circuit the A.C. line and 

burn out the wiring in that unit and in the control harness. Since the 

power connection was not polarized and the control unit was not fused this 

amounted to a built-in booby trap. Difficulty was avoided by careful 

coding of the power and trigger plugs and fusing of the power circuits. 
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This modification was performed in the field between tests. 

12. The time delay and time interval units used in 

the "Goose" are Industrial Timing Corp. Six-Second Synchronous Timers. 

These units are not considered sufficiently reliable for an operation 

requiring precise timing over long periods under adverse climatic 

conditions. When operating properly these timers are capable of repeated 

cycles varying no more than plus or minus 0.02 second. Calibration 

against a master timing unit used as a test-set eliminates scale error. 

However, after several hours of operation and continued exposure to 

humidity, they develop erratic tendencies. Tests show that at random 

intervals erratic times are produced. The trouble has been traced to 

maladjustment of the timer clutch mechanism. Industrial Timer takes 

pride in the simplicity of this clutch. It is the opinion of the 

Tower Crews that it is a bit too simple to be completely reliable. 

The adjustment is coarse and critical and does not seem to hold 

adjustment. The parts are metal stampings - in some cases poorly 

fitted. 

13. Trouble in the Industrial Timer has not been 

confined to the clutch. The synchronous motor gear train is crudely 

constructed and has on occasion caused stalling of the timer - pre¬ 

venting it from running out its cycle. Misalignment seems to be the 

main difficulty though burrs on the gear teeth are a contributing 

factor. In one case erratic operation of a timer was traced to burrs 

on the end of the gear cutting into the mounting plate. Inspection 

of other timers disclosed a similar condition in several of the others. 
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It was necessary to dis-assemble these units to eliminate this source 



of potential trouble. A small brass shim or washer inserted behind the 

gear during manufacture would have eliminated this type of trouble. It 

is likely that a malfunction of this type was responsible for the over¬ 

speeding and damage of one of the Fastax cameras. 

Ik. The relays in the Industrial Timers were another source 

of concern. It is doubtful that these relays are JA»-Spec. In any case 

they are lightly constructed, easily bent out of adjustment and 

susceptible to shock - all features which make them undesirable for 

applications where reliability is of prime importance. 

15. The "Goose" Timing Units built around the six-second 

Industrial Timer gave good account of themselves during the SAHDSTOUE 

operations despite the features described in the foregoing sections. 

Failures on actual tests were less then 10^. Most of the troubles 

were discovered in daily maintenance checks. However, it is the opinion 

of the Tower personnel that satisfactory operation was the result of 

careful handling, continuous inspection and maintenance - much of which 

would have been unnecessary with a properly constructed unit. This 

type of timer is not considered precision equipnent and is not reccsimended 

for future operations. While the basic concept is sound, the engineering 

and construcción (especially in the selection of components) leave much 

to be desired. In fairness to the contractor, it must be recorded that 

these units were built with incomplete knowledge of the proposed application 

and barely sufficient time. This is not considered an adequate excuse for 

the poor design. In this connection it is suggested that the presence of 
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on Air Force technical officer during the planning stages of the 

operation would have eliminated much of this trouble. Such a 

technician operating in liaison with the contractor would have been 

in position to dictate the design without in any way Jeopardizing 

the security of the operation. 

l6. A review of the reports on tower photography 

discloses that the operation of the timing equipment was for the most 

part satisfactory and that the desired results were obtained. It is 

the opinion of the Tower personnel that better results would have been 

obtained had more time been allotted for the design and construction 

of the timing equipment. In this connection it is reccmmended that 

in future operations of this nature the technical officers who are to 

be assigned the responsibility of conducting the operation in the field 

be assigned to the project early in the planning stages, in time for 

them to design the equipment to the requirements of the project and 

completely test all components under simulated conditions before 

departing the ZI. It is considered that such a procedure will reduce 

the technical difficulties to a minimum and assure the success of the 

project. 

Respectfully submitted, 

SIGHED ROBERT L. WARMER 

Robert L. Warner 
Lt. (Jg), USN 
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APPENDn VII 

CAMERA MOUNTS 

1. Mount Requirements 

Camera mounting is different for this remotely con¬ 

trolled unmanned type of tower than it is for almost any 

other type of installation. The great number of cameras 

installed required that no space be sacrificed for unnec¬ 

essary functions. There must, however, be space left to 

properly load and service the cameras. They must be easily 

and rapidly installed and dismantled. A means must be pro¬ 

vided for lateral and vertical alignment of each camera in¬ 

dividually and rough adjustment should be provided for the 

bank as a whole where cameras are banked together. They 

must, of course, all receive light through the apertures in 

the cab without interference from either other cameras or 

external projections or parts of the cab. It was not prac¬ 

tical because of the short time allotted to the designing 

and procurement of mounts to get the ultimate in design and 

arrangement of the mounts. The great number of expected 

changes in camera types and in numbers used also added a 

burden on the design and construction aspects of the proj¬ 

ect. The many unforeseen changes also complicated the sit¬ 

uation. 
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2. Mount Dlnenslona 

Blue print and engineering data of the mounts are not 

included in this report as it is obvious that this particu¬ 

lar arrangement will not again be used* These data are 

currently held by the 311th Air Division Reconnaissance 

at Topeka Air Force Base, Topeka, Kansas. The types of 

mountings that were used are shown in the following series 

of photographs. The control equipment arrangement is also 

shown in these pictures. 
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PL-201-4-334O-4 The Fastax cameras Fl through Fil were 
mounted on two angle iron racks attached to the upper aper¬ 

ture or window frame. Space was allowed for six cameras 

on the upper level, six more on the lower level, each level 

consisting of two rows of three cameras. Because only 

eleven Fastaxes were used, instead of the twelve for which 

space was allowed, one of the Maurer cameras was installed 

on this rack. Notice the adjusting screws on the inner 

corners of the rack. Each camera had its position number 

stenciled onto it, the camera in the lower bank on the right 

hand side being IF8 showing that this camera is installed 

in tower number one, the Coral Tower, that this is a Fastax, 

and that it is camera number eight in the tower sequence. 

These cameras are in position for the X-Day detonation. The 

aperture curtain is in the raised position. 
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PA-202-7354-3 The Coral Head Towar cameras are set on the 

diagonal for the Y-Day detonation. Both the north face and 

east face curtains are up, and some of the cameras are mountea 

in position on their racks. Lower left is the Sonne number 

S-28 mounted above a K-18 on a cnrome-moly tube frame set 

upon plywood on the cab floor. Lower right shows the tops 

of the other K-18s aimed through the 2 x 10 foot aperture. 
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PL-201-5-3341-5 Coral cameras in the positions that they 

occupied for the X detonation recordings. Tne aperture 

curtain is in the up position. In addition to the already 

mentioned Fastaxes and one Maurer, the B1E Bell and Howell, 

number B-30, movie camera shows to the left of the picture 

mounted on the cross member between the window aperture 

and the slit aperture. Directly below it is the Mitchell 

Standard, M-13, with the Mitchell Hi-Speed, M-12, barely 

showing to the left. Maurer N-15 shows just to the right 

of the Mitchells. In the lower center are mounted the two 

banks" of K-24s with the Sonne mounted above a K-18 in the 

extreme right corner. The O'Brien camera just peeps into 

the picture in the bottom foreground. The rope stretched 

diagonally across the right corner is one of the curtai* 

control lines. 
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PL-426-5586-3 The K-24 camera banics facing North in the 
Coral Tower with the curtain up. The cycling control giz¬ 
mo for the left K-24 bank shows just barely off of the 
floor on the ri^ht hand side of that bank. The photo-elec¬ 
tric control for the O'Brien is shown on the O'Brien in the 
foreground. Notice that the original metal door for the 
Eastern slit aperture is slightly open allowing ventilation 
into an otherwise unbearably hot cab. 
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PL-201-2-3338-2 The cover of the O'Brien is removed by 
lifting it vertically, thus preventing the installation of 
the camera underneath other low racks. The photo-electric 
pick-up is on top of the amplifier-control box. The O'Brien 
is resting upon the uneven metal cab floor. 
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PL-201-3-3339-3 The O'Brien with the top on in operating 

position. The original plan had been to place this camera 

under the movie rack, but it had to be moved back into the 

center of the room and receive its light through the space 

between the K-24 racks. 
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PL-201-6-3342-6 This light struck photograph shows the 
relation of the three timing banks and the cameras. The 
bank to the left has the timers that control the gizmos 
which in turn control the cycled series and the motion cam¬ 
eras. The other two banks control the Fastax series. The 
functions of these three banks could have been all built 
into two boxes the size of the individual Fastax control 
boxes had the control been built for field use instead of 
for individual control of laboratory cameras. 
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PL-439-7043-8 The sub-control relay panel on the Runit 
Tower. The cameras are mounted to the left, the back of 
the Fastax timing control is to the right. The accumula¬ 
tion of "junk" and a great maze of wire is the inevitable 
result of adapting laboratory test equipment to a field 
program. 
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PIr*439-7042-7 The front of the time control panela as used 

in the Runit Photo Tower. The Fastax units were removed from 

their individual boxes and mounted upon panels with the wir¬ 

ing permanently harnessed and brought out of the back. This 

made a much cleaner and more reliable unit than the other 

systeno. It had been planned that all timing equipment 

would thus be mounted, but the failure of additional panels 

to arrive stopped the conversion. The few cables seen on 

the front are part of the test and measurement equipment 

seen on the top of the second rack. 
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PA-202-7359-8 Captain Harvey making adjustments to t Hi- 
Speed Mitchell in the Aomon Tower. The standard Mitchell 
with magazine installed, shows with the Hi-Speed Maurer 
2N15 directly behind. In the immediate foreground is the 
O'Brien. The maze of hanging wires and cables are the in¬ 
evitable result of taking laboratory test equipment into 
the field to do the job of field equipment. 
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PI^426-5585-2 The magazines in this Coral Tower view are 

in place* Sitting atop of the Fastax timer bank is the 

Potter decade counter which supplied the millisecond timing 

pulses for the Fastax cameras. The front mounting non¬ 

locking panel plugs of the Fastax timers are a mistake for 

field testing, again demonstrating the fallacy of using 

laboratory test equipment for field use. On the face of 

each timing unit, there are three plasters. The top middle 

one shows the camera number that this unit controls. The 

bottom left one shows the time delay between the received 

minus one second pulse and the starting of the Fastax. The 

bottom right one shows the time of running of the Fastax. 

These times are calibrated times, checked against the test 

set supplied with the timing units. The bottom timer has 

a jury rigged double outlet plug. This controls the two 

slow running Fastaxes which were both controlled through 

this one control. Notice that type A-8 magazines were used 

on the K-18 cameras. These were the only ones found to be 

reliable in this type of operation. The figure 2K17 on the 

other magazine shows that the magazine really belongs on the 

camera mounted in the Aomon Tower. 
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PA-2C2-7361-10 Looking through the upper aperture with the 

curtain partially lowered to show the flash bulbs attached 

to a fish pole for Queen I time-calibration test. The fla.-h 

bulbs were connected to go off with the starting of individ¬ 

ual Fastax cameras and to be recorded by a manually operated 

Fastax which was started before the minus one second time. 

Thus the running Fastax would record the tin1« elapses betv;een 

the received minus one second signal, and the Zero Tower sim¬ 

ulated flash, and the starting of each Fastax. 
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PI~425“10 Warner, Coral Tower Chief, and Davis, Coral 
Photo Chief, accomplish maintenance inspection. Davis is 
on the outside of the cab working through the upper aper¬ 
ture. 
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PL-570-11 The Coral Tower cameras set at an angle for the 
Ï-Day recording. A Maurer shows in the upper left, the 
Sonne in the lower center, two K-18s in the lower left, and 
two K-24.S in the lower right. Notice also the tapes on the 
magazines showing the film .loading for the Y-Test, 
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?L-570-12 Coral Tower Faatax and K-24 banka mounted to 

view through the Eastern or right hand face for Y-Day test. 

The magazines are loaded for the test. 
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PL-570-10 Coral Tower Fa^tax and movie banks obliquely 

mounted to record the Y-Day test. The Bib, Mitchell, and 
Maurer movie cameras shown are loaded ready to view the 

test through the North or left window. 
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PL-435-3 The Photo Tower air conditioned storage and load¬ 

ing room aboard the AV-4 showing the magazine cases brought 

to the ship with the magazines for loading. The OEL cases 

hold the film that will be loaded. This room was also used 

by Capt. Harvey for maintaining the records and for prepara¬ 

tion of the caption and data sheets. 
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PL-435-4 The other half of the air conditioned room waa 
used for caiLera storage and files for classified material*
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APPEND H VHI 

TIME AND SEQUENCE CONTROLS 

1. Central Time Control 

A central time control station was established on 

Parry Island to control all the time functions and sequence 

controls for the entire test. See the appropriate J-Divi- 

sdon, Los Alamos Scientific Laboratory, reports for complete 

data on the central timing unit. 

2. Photo Tower Tie-In 

The central time station at Parry was to have been 

operated in such a manner th^.t the energy supplied to the 

submarine cables connecting to the various towers would 

close the Raytheon railroad relays (SP 26) in those towers 

at the specified times of minus one minute plus or minus 

five seconds and minus one second plus or minus 0.02 sec¬ 

onds. Further details of the Raytheon relay are available 

through J Division, Los Alamos Scientific Laboratory and 

from Edgerton, Germeshausen and Grier, Massachusetts Insti¬ 

tute of Technology. These belays are so constructed that 

the armature carries four contactors which complete four 

normally closed circuits, or when energized, close four 

normally open circuits. The Raytheon relay armature cir¬ 

cuits were connected as shown in Appendix XXII, Block and 
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Schematic diagrams, to initiate the action for the variou» 

camera control units. The energy to the Raytheon relays 

was interrupted at detonation plus one second, thus requir¬ 

ing holding circuit relays in some of the camera control 

unite. 

3. Fastax Control Units 

Two types of control units were supplied with the 

Fastax cameras. The type D-177426 or "gosling" control was 

not used by the photo tower unit. It is designed for low 

Fastax operating speeds where the voltage to operate the 

camera may be applied directly to the camera at standstill« 

The instructions supplied by Fastax are attached. 

The type D-177423 control unit, or "goose" was used exclu¬ 

sively for Fastax control of all high speed Fastaxes FI 

through F9. Cameras F10 and Fll were both operated through 

one of these units. Ten of these 423 units were then used 

per tower. These 423 controls are fair laboratory equip¬ 

ment, but lead to complications where so many of them must 

be used in a field test. Even for laboratory use, the plug¬ 

in in the front panel should be a positive locking type. 

Simpler, single unit time controls for many camera controls 

are discussed in the body of the report, and also in Appen¬ 

dixes II, XI, and XIX. Fastax supplied operating instructions 
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ar* attached. The 426 closes the Fastax circuit at a vari¬ 

able time (TD) after the power is supplied to the unit, and 

opens the circuit after the set time of running (T) has ex¬ 

pired. The 423 closes the Faetax circuit a variable time 

(TD) after a trigger signal is received and opens the cir¬ 

cuit a variable time (T) later. 

4. Other Controls 

Other simple time controls were necessary as explained 

in the Appendix XXII, Block and Schematic Diagrams. Among 

the controls necessary were gizmos bark I, III, and IV. Gizmo 

Mark I was a motor driven rheostat inserted in the High-Speed 

Mitchell line to bring that camera up to operating speed. 

Gizmo Mark III type control, designed to give sequence oper¬ 

ation for the three K-16 cameras, consisted of three micro- 

switches running on a cam driven through a gear train by a 

camera interralometer motor. Each micro-switch supplied the 

electrical trip for one K-16 camera. The three K-16's were 

thus synchronized to give a series of K-lfc exposures at one 

second intervals. Each Gizmo Mark IV controlled four K-24 

cameras in a similar manner to give a series of K-24 expo¬ 

sures at 0.1 second intervals, Intervalometer motors were 

used to drive these because the governor control on these is 

fairly good and easily set. 
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5. Submarine Cable System Calibration 

Complete calibration procedures and data are available 

through J Division, Los Alamos, or from £. G. & G., M.I.T. 

Data recorded by the photo tower unit shows the Raytheon re¬ 

lay closes very slowly with low voltage and only modi'-, ately 

fast at high voltages, but that the relays are very consist¬ 

ent and uniform both for repeatability with one relay and 

uniformity between relays. These relays had a miniBiUm pick¬ 

up voltage of about five volts and required approximately 

one second to close at this voltage. At about eight volts, 

the time to close was about one-half second; while at eleven 

volts, the time was nearly 0.3 second. Great increases of 

voltage, above fifteen, only reduced the closing time slight¬ 

ly, the time being about 0.16 second at eighteen volts, and 

only 0.15 second at twenty-four volts. This approximate da¬ 

ta does show, however, that the closing time of these relays 

are sensitive to the rate of rise of the voltage wave ap¬ 

plied. 

In the field use of these relays, the central timing station 

applied equal voltages at a given time to the circuits lead¬ 

ing to each submarine cable which in turn went to a Raytheon 

relay in a tower. A variable resistor was then added to 

each circuit at the central timing station. Tnese resistors 

were supposedly adjusted so that each of the relays at the 
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towers could close simultaneously and at minus one second. 

There was always some question as to the adequacy of the 

calibration system used to set the resistors and thus to 

set the actual time of closing of the contacts in the tow¬ 

ers, When a 0.2 second error in Fastax starting times was 

found on the X-Day test, timing tests were conducted in the 

towers, and the discrepancy was not located. No satisfac¬ 

tory explanation was found for the delay in Fastax starting, 

but the 0.2 second remained almost constant so all the pho¬ 

to tower cameras were set ahead that amount making 7 and Z 

tests come out well. 
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OPERATING INSTRUCTIONS FOR D-177426 CONTROL BOX 

1. COMPONENTS 

1.1 15 Second Time Delay. 

1.2 15 Second Interval Timer. 

1.3 Box with suitable receptacles and one female power 
plug. 

2. PURPOSE OF D-177426 CONTROL BOX 

2.1 To permit controlled operation of Fastax High Speed 
motion picture cameras at speeds from I50 to 10,000 
pictures per second. 

3. METHOD OF OPERATION 

3.1 Plug in leads coming from control relay or switch 
which will have 115 volts AC on it when circuit is 
dosed. 

3.2 Plug in voltmeter (PG3) of D-177594 test set and 
set timer for I5 seconds. 

3.3 Close control circuit and check voltage, 

3.4 If constant current transformer such as a "Variac" 
or "Powerstat" is used between camera and control 
box, insert voltmeter plug (PG3) into female outlet 
of transformer to measure voltage instead of camera 
outlet of control box. 

3.5 Calibrate time delay and timer Iqr using D-177594 
Test Box. Camera operating time for timer to be ob¬ 
tained from Fastax Instruction Book #1079, Issue 2, 
Page 24, 

3.6 Remove test plug (PG2) and voltmeter plug (PG3) 
from control box. 

3.7 Insert plug from camera or constant current trans¬ 
former into camera output receptacle. 
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3.8 Camera is loaded with film as per Instruction Book 
#1079 and is operated by closing relay or switch 
discussed in 3.1. 

3.9 Open control circuit at earliest convenience. 

4. EXPBCTiiD ACCURACY OF D-177426 CONTROL BOX 

4.1 Scale approximately .3 second low over whole scale 
due to starting lag. 

4.2 Successive readings for a given setting may be -.1 
second. 
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OPISRATING INSTRUCTIONS FOR D-177423 CONTROL BOX 

1. COMPONENTS 

One six second timer 
One six second time delay 
One 10 ampere 270 volt powerstat 
One auxiliary circuit for operating output of powerstat 
at I40 volts for 70 milliseconds and then immediately 
cutting over to full voltage of powerstat. 

Case with suitable plugs and connectors for operating 
control box. 

2. PURPOSE OF D-177423 CONTROL BOX 

To operate Fastax High Speed Motion Picture Cameras at 
speeds in excess of their normal operating speeds• 

3. SETTING-UP INSTRUCTIONS FOR CONTROL BOX 

3.1 Connect 120 volt supply to connector at plug J5. 

3.2 Check rear of time delay and iaterval timer to be 
sure motors are running. This can be seen by ot^> 
serving small gear on end of shaft which is en¬ 
closed in the transparent housing. 

3.3 Check little red knob to be sure that it is on the 
counterclockwise side of the retaining stop of con¬ 
trol handle. Also check same small red knob to be 
sure that it is set at the same positive time set¬ 
ting that the control knob is set at and is not in 
position zero. 

3.4 Insert 300 volt voltmeter plug connector from test 
box into camera outlet. 

3.5 Insert initiating circuit plug supplied with test 
set into signal outlet. 

3.6 Close signal circuit when timer is set at 6 seconds 
and measure output voltage. For 270 volt operation 
and 125 volt supply, the setting will be about 92 on 
the powerstat. 
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3.7 Insert test plug from test set Into first the time 

daisy and then the timer for the purpose of setting 

accurately within three lOOths of a second the nec¬ 

essary time delay and operate time for the camera. 

3.8 Remove test plug, voltmeter plug and signal plug 

from their respective receptacles. 

4. INSTRUCTION FOR OPERATION OF CONTROL BOX 

4.1 Insert connector from control relay which shall 

have no potential on it in signal receptacle* 

4.2 Insert connector from camera into camera receptacle. 

4.3 Be sure that the box is placed with the control pan¬ 

el in a vertical position. Since this unit has a 

mercury relay as one of the components, it is nec¬ 

essary to use it in this position. A tolerance of 

20 degrees from either side of vertical is permis¬ 

sible but not recommended. 

5. NOTES 

5.1 With 40 cycles as a source on the AC the timer and 

time delay are accurate within .03 second of the 

desired time setting. 

5.2 Camera operate time at 270 volts is .6*3 seconds. 

4. MAINTENANCE 

At camera maintenance station there vill be a limited 

number of spare 275A mercury relays and timer and time 

delay relays. Do not attempt to make any circuit ad¬ 

justments while in field. 

ijr- ' 
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APPENDIX IX 

RACK AND PANEL SYSTEM 

1. Tho Systam 

The rack and panel system was to have consisted essen¬ 

tially of eight units, each completely mounted and wired in¬ 

to permanent enclosed racks with sectionalized swing front 

doors where necessary. Each of these racks would be boxed 

und shipped to the site. For erection, each rack would be 

bolted to the next appropriate unit, thus the eight become 

one unit. Terminal strips were to be mounted in the side 

walls of each rack so that these world align with the next 

unit. The connectors to each terminal strip would then need 

to be only two inch long copper bars which would be put in 

place and then soldered, thus preventing corrosiopiresist¬ 

ance troubles and loose joints. Properly designed and con¬ 

structed, this type of rack and panel system can be reliably 

established in an extremely short time, and there is little 

chance of error. 

2. Power Control and Indicator Panel 

The system was designed so that all the power, i.e., 

the three phase, center grounded Y, 120 volt, AC, and the 

two wire 28 volt X, both came into a single panel upon which 

were the main power switches. Also on this panel, were to 
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have been voltmeters, ammeters, a frequency meter and Indi¬ 

cator lights. The meters were to have green bands marked 

for the acceptable readings. Thus, a brief glance at the 

panel would indicate the condition of the power source. The 

lights were to be connected so that they must all be off 

before the system was ready for automatic operation. The 

bulbs were to have been neon glow type for dependability. 

With some added complication, voltage control could also 

have been added to this panel. 

3. Raytheon Relay Rack 

The two flaytheon relays for giving the minus-one-minute 

and minus-one-second signals were to have been mounted on 

one rack. Associated with them on this rack were to have 

been some holding, or circuit maintaining relays. 

4« High Speed Fastax Rack 

This ra*k was to have been constructed by removing the 

components from the 423 Fastax control units supplied by 

Fastax and compactly mounting the timers, relays and resis¬ 

tors on the hinged fronts, while the heavy powerstats, the 

condenser, and rectifier were to have been mounted on the 

frame. No plugs would have been brought out of the front, 

the power for the cameras going into the bus system for de¬ 

livery to the camera harness. All output functions of these 



controls would have been measurable on the test panel. 

Clip-on or plug-in test lugs were to have been installed 

for testing within the unit. The following photographs 

show the 423 control boxes and components. See also Appen¬ 

dix VIII. Marked fuze strips were to be utilized to fuze 

each function. 

5. Slow Speed Fastax Rack 

The slow speed Fastax controls, all the gizmo controls 

for the aero stills, and the movie controls were to have 

been mounted on this rack along with sound equipment and 

miscellaneous controls. The timers were to be mounted on 

the front hinged panels, the heavier equipment to the frame. 

Pictures of the 426 control and components follows. 

6. The Oscillograph 

This instrument was to have been a fourteen element 

recording oscillograph upon which the various current and 

voltage functions „ould be recorded in relation to time. 

Other things like the relation of the starting times and 

running times of each camera could be recorded. Permanent 

records of the relation between the receipt of the minus- 

one-second pulse and the starting of each Fastax would have 

been obtainable for each test 















. > 

^ rí* 

in 
<n 
iii 
z 
CE 
< 
X 
< 
X 
Ui 
2 
< 
o 

_l 
UJ 
2 
< 
a. 

h- 
CO 
UJ 

- 240- 

.., ..V« 



7. The Oscilloscope 

This instrument was to have been u*ed as the basic unit 

for preventive maintenance. The electrical contition of all 

running units can be determined by properly applying the 

various electrical functions to an oscilloscope. The make- 

and-break transient phenomena associated with relays indi¬ 

cate the condition of a relay. The current wave shape and 

noise transients show the condition of driving motors. Time 

comparisons are easily made. The instrument that was de¬ 

sired for this was the five inch DuMont wide band oscillo¬ 

scope. 

8. The Fotter Generator 

The Potter 1000 cycle generator was to be mounted ae a 

component with the test equipment. It is a nicely packaged 

unit and would not have been removed from its case but the 

case would have been secured to the rack and permanent con¬ 

nections made to the busses running to the cameras through 

the test panel. Appendix X gives details of the Potter gen¬ 

erator. 

9. The Ohm-Volt-Ammeter 

The seventh panel was to include an ohm-volt-ammeter in 

addition to the Potter generator and a time test set. This 

instrument was to be connected into the test panel to be 
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capable of rapidly determining the resiatance, voltage, and 

current conditions of all circuits. Continuity of circuits 

is rapidly established with this instrument. 

10. The Time Test 

The time test clock was to have been removed from the 

test set and mounted on the seventh panel. The function of 

this test clock was primarily to check and set the time de¬ 

lay (TD) and the time of operation (T) of the timers. 

11, The Test Panel 

The test panel was to have been the heart of the test 

system. From this panel all functions of the timing sys¬ 

tem *ould have been ascertainable. The condition of each 

piece of equipment rapidly determinable, and the adequacy 

of each circuit measured. On the right side of this panel 

was to have been a master switch that would disconnect all 

power to the cameras. A switch on the panel would have 

furnished either a minus-one-minute or minus-one-second 

pulse to the Raytheon relay system. Thus, all timing func¬ 

tions could have been checked, after the cameras were loaded; 

or, with the master switch closed, under load. Individual 

switches were to give time control to each timer so that 

the operation of each timer could be ascertained or set. The 

panel would also have contained a series of spring-loaded- 
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neutral-position three-contact switches. These switches 

would supply the contact to give resistance, current, or 

voltage reading of each circuit. Other switches were to be 

mounted to allow placing the appropriate information onto 

the oscilloscope?. Telephone type jacks and plugs would 

make some connections more convenient. 

12. The Test System 

The test system added to the panel construction would 

have given a field control system that could have been very 

rapidly installed, condition immediately ascertained, and 

any malfunctions or incipient failures detected end correct¬ 

ed. A final check before leaving would record the time re¬ 

lations as set and the adequacy of each piece of equipment. 

The recording equipment would make a permanent record of 

the actual times of operation of critical speed cameras dur¬ 

ing the actual operation. 

13. Failure of the System 

The Rack and Panel System failed to materialize because 

of the short preparation time, and the failure of the Air 

Force depot system to supply some of the required components. 

The schematic diagrams that were developed for this system 

are not presented in this report because it is hoped that 

there will never again be the hasty requirement for the 



assembly of great quantities of this style of laboratory 

research equipment into field test units* 



APPENDIX X 

THE POTTER PULSE GENERATOR 

1. Fastar MillIbecond Time Marka 

Relative time marks were applied to the Fastax film 

through the Fastax argon glow marking tubes installed in 

the Fastax cameras. The argon glow tubes were energised 

with 1000 pulses per second, each pulse being of C.2 milli¬ 

second duration. The pulses were supplied to all the 

Fastaxes in parallel from a single Model 2098 Potter In¬ 

strument Company 1000 cycle generator in each tower. This 

output was also used on the Sonne cameras in the early 

stages, but was replaced by a 120 cycle pulse because of 

the slow film travel speed of the Sonne. 

2. The Potter Pulse Generator 

The Potter 1000 cycle pulse generator was an entirely 

satisfactory Instrument for the job required of it. Ho main¬ 

tenance or calibration difficulties were encountered on the 

entire project. This instrument, and/or others from the 

same company can be built into an absolute time marking sys¬ 

tem as discussed in Appendix XI. The attached sheets give 

some technical details of the instrument. Additional inf 

formation on this and other similar or related type marking 

and counting systems are available from John T. Potter, 

13-56 Roosevelt Avenue, Flushing, New York. 
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MODEL 2098 - 1000 CYCLE GENERATOR 

CHARACTERISTICS 

OUTPUT: 1000 cps. positive pulses, 0.2 milliseconds dure- 

tiôn, 150 volts into a 5OO ohm load. 

CRYSTAL OSCILLATOR: 100 KC, temperature coef. - 1 cycle 

per megacycle per degree centigrade. 

POWER INPUT: IO5-I25 volts, 60 cycles, I30 watts. 

DESCRIPTION 

The Model 2098 - 1000 cycle generator is composed of a 100 

K.C. oscillator unit, two electronic decade divider units, 
an output amplifier, and power supply. 

A modified Colpitt's oscillator circuit is employed as the 

crystal controlled 100 K.C. signal source. Tuning capaci¬ 

tors, located at the top of the oscillator unit, are pro¬ 

vided for precise adjustment of the oscillator frequency 

against a primary frequency standard. Following the oscil¬ 

lator circuit is a two stage amplifier, the output of which 

supplies the first decade with the proper signal shape and 
amplitude. 

The two electronic counter decades in cascade divide the os¬ 

cillator frequency by the ratio of IOC to supply the output 

circuits with the precisely controlled 1000 cps. pulses. 

Functionally, the operation of the two decades is identical) 

the one designated "Hi-frequency decade" being specially 

adapted for 100 K.C. operation. 

Each decade consists of four trigger circuits connected in 

series to form a binary scaling group of 16. However, by 

the addition of special resetting circuits the scaling 

group is forced to reset to zero at the end of ten counts. 

The combination of two decades therefore scales by the fac¬ 

tor of 100. 

Normal operation of the decade may be ascertained by ob¬ 

serving (with the aid of an oscilloscope) one output pulse 

for ten input pulses. This is easily accomplished by 

. 
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setting up a pattern of ten pulses on the oscilloscope with 

the test probe at the input then moving the test probe to 

the output. An isolating resistor of about 50,000 ohms nay 

be necessary at the end of the test probe to avoid spurious 

coupling. Neon glow lança on the front panel indicate the 

condition of each trigger circuit in the decade. 

ihe useful output of the second decade consists of positive 

pulses, 0.2 milliseconds in duration. These pulses are 

raised to final amplitude by a two stage amplifier and then 
applied to a cathode follow power tube. 
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APPENDIX XI 

TIME MARKING SYSTEMS 

1. Ab Used 

The time marking system us ad on the Photo Tower equip¬ 

ment for Sandstone, consisted of a single Potter 1000 eps 

generator connected to each of the Fastax cameras as ex¬ 

plained in Appendix X. A simple 120 cps system was used 

with the Sonne cameras. A spark gap system driven by a 

crystal controlled strobotron was used to mark the Hi-Speed 

Mitchells. All of these are relative systems, placing upon 

the film only marks which are known to be separated fey the 

calibrated time of the marking system. When an event com¬ 

mon to each film is recorded and when this common event can . 

be identified as being common, then relations between the 

films can be established by counting marks from that event. 

This is sufficient for much of the atomic weapon detonation 

photography, as the first recorded light of the detonation 

can be taken as near zero and an interpretation made. There 

are conditions, however, when the relative system fails, and 

an absolute system would be an advantage. 

2. Coordinated Relative System 

A coordinated relative system might consist of a method 

of inserting an extra long mark into each camera at some 
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given tiae. This might be accomplished through a radio 

link so that a receive? in each camera control station added 

a pip to the marking system. Thus, each of the films from 

a test would contain a nark that had bean made at the same 

time. All films so marked would than be related in time 

whether common phenomena were recorded or not* This might 

be very important when, in the future, not all cameras are 

aimed to record the detonation; but some are used to record 

other phenomena resulting from the detonation. In these 

oases, it might be wise to know the time in relation to the 

time of detonation* 

3. An Absolute System 

Best of all the systems would be one that put on abso¬ 

lute time marks* This would simplify the analysis of long 

running time films, and make it possible to coordinate the 

results from widely separated stations* It is complicated 

to make such a system and the cost may not be warranted* 

However, the basis for such a system existed on the Sandstone 

tests, but tinder a project so highly classified that few 

projects could take advantage of the system. A workable sys¬ 

tem would probably consist of radio correctable time genera¬ 

tors; or of a series of coded radio pip signals that would 

be added into the local relative narking systems* A more 

complicated system consisting of two radio carriers can be 
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constructed. At the reception of nodulated carrier A, all 

the time marking receivers prepare for operation, setting 

themselves to zero. Modulated carrier B must be received 

within, say, one thousandth of a second of the termination 

of A or the clocks will not start. Thus A must be inter¬ 

rupted and B must be commenced or the clocks will not re¬ 

spond. The clock driving control may actually be taken 

from the modulation of the B carrieri but, crystal con¬ 

trolled clocks might be more satisfactory. Confirmatory 

pips could later be added at one second or other intervals 

over channel A if desired. 

4. The Mitchell Marking System 

The spark gap system supplied by E, G & G for marking 

high speed Mitchells is not basically good for field utili¬ 

zation, as an examination of the photo tower Mitchell film 

for the Z test will demonstrate. In addition, that system 

was considered to represent a fire hazard. Nitrate film 

can be, and was, ignited by the spark. This only happens 

when a camera malfunctionsj but malfunctions do, and did, 

occur, and are more probable with high speed cameras than 

with standard ones. A glow or spark tube with slit or lane 

system built into the camera would be much more satisfactory. 

All the Mitchells and other movie cameras at one location 

should be run from the same time mark producing unit. Ths 
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Potter generator is an ideal type for this» If the 1000- 

oyele «ark is too fast, additional stages can be added to 

give lower cyclic rates. The cross references used in 

calculating, and the difficulties of calculations are re¬ 

duced where standard narking rates are used. The 1000 ops 

rate for the Fastaxes is a very convenient one. 

5. Still Cañera Systens 

There is a need for a tine narking system for repeti¬ 

tive still cameras. Consideration of the Aero K-18 shoes 

that s simple pip generator vill not suffice. The narkers 

■met show sons relative, or absolute, time relation that 

continues from frame to frame, or from start to finish. In 

some types of cameras, sweep-second hand clocks may be rea¬ 

sonably added. These could be radio synchronised if neces¬ 

sary. In somo aero cameras it will be necessary to add an 

additional synchronised shutter when the clock is added. 

For some types of photography, this shutter is not required. 

The clock image will smear on the film between exposures 

with the end of the smear corresponding to the beginning of 

film change, or end of exposure. Light masking systems can 

be produced that could, if necessary nark the film in times 

less than l/lOOO second. These systems consist of various 

kinds of disks which rotate at various speeds, eacn with a 

mechanism for letting light through. A vernier type night 
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ba the beet. If throe concontrio rings of holes are drilled 

in a plate, say 1000 in the outer, 100 in the Middle, and 

then 10 in the closest; and this plate is covered with a ro¬ 

tatable disk which also has three rings of holes correspond¬ 

ing to the rings in the plate except that this disk has, say 

999» 99» and 9 holes respectively, then a vernier effect of 

light passage will give ratios of time Markings* 

6. Additional Information 

Under certain conditions, it is desirable to add marks 

to some cameras. This was the case when the two tenths of 

a second was lost in the tine between actual and anticipated 

detonation for the X Day test. It was desired to record on 

a Fastax film, the time of receipt of the ninus-one-second 

pulse, the starting of Fastaxes FI, F2, F3» and the zero tow¬ 

er flash. Ho good system was immediately available, so 

flash bulbs were connected across the Fastaxes and also 

across the minus-one-second relay. These flash bulbs were 

then photographed by a Fastax manually started at minus-two- 

seconds. This was a clumsy system and failed more often 

than it succeeded. A system of using charged condensers 

which would be discharged into the Potter generator Fastax 

marker light system was suggested, but not built and de¬ 

bugged. Some such system is needed, however, and a reason¬ 

able approach is through the already existing marker lights 
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in tha Fastaxea. The design of a Barker qrstea should In¬ 

clude provision for additional pipe, whether they be radio 

delivered or tower generated. 

7. Compactness. 

Any system designed for field use should be compact 

and dependable. It should preferably consist of a single 

box or unit that needs no assembly and is easily installed« 

It should be a system that either operates accurately or 

fails and the failure is apparent. 
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APPENDIX XU 

CAB APERTURE PROBLEMS 

1. The Sandstone Tower 

Appendixes II and VII contain pictures of the curtain 

systea that was used on the Sandstone tests. This was not 

a satisfactory solution of the problem of what to do about 

closure of the cab aperture through which the cameras must 

receive their light. Wind loading might have prevented the 

canvas from falling so it was always lowered before evacua¬ 

tion of the tower. As a result, water, salt spray, and 

dust were at various times found upon the photographic equip¬ 

ment. The curtain could have been weighted so that it would 

roll down the front of the cab. The releases could have 

been made so that they had to be energised to be made to 

hold the curtain. If one release were AC, and one DC, any 

failure In either system would have dropped the curtain. 

If no failures occurred, the holding circuits would have 

been interrupted as the minus-oae-minute signal. The cur¬ 

tain solution, as used, was adopted because of time and 

equipment limitations. 

2. Other Types 

Counter balanced solid door types were also consid¬ 

ered. These would be hinged along the top, and counter 
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weights added so that the door would open under gravity. 

Catches would hold the doors down until the energization of 

the catch mechanism was relinquished at which time the 

catch would fall down, the door up. The door also acts as 

a visor under these conditions. Folding canvases could 

have been added to the sides of the doors to make awnings 

for more complete protection. Sliding doors, either hori¬ 

zontal or vertical were also discussed, but discarded frcm 

considerations of dependability. 

3. Recommended System 

The best type considered would require some early 

planning and procurement. Each camera would have a small 

"twindow" porthole to look through. The twin layers of 

sealed glass preventing condensation and steam troubles. 

Over each one of these windows would be a small, spring ac¬ 

tuated cover, held tightly closed ty a latch. A gasket 

around the door would protect the window from dirt, salt, 

and water. The minus-one-second would actuate the release 

mechanisms. Maybe it would be desirable to make both the 

minus-one-minute and minus-one-second signals trip the re¬ 

leases, through separate circuits, thus making failure less 

probable. This solution is particularly applicable to the 

pre-prepared unit type cab as discussed in Appendix XIX. 
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APPENDH XIII 

POWER CIRCUITS 

The schematic and block diagrams required for the com¬ 

pletion of this appendix were not available in suitable 

form when the deadline for the completion of this report 

was encountered. The basic material for these drawings is 

available at E, G & G, Inc., Boston. J-Division, Los Alamos, 

has diagrams of the general power set up and the reasons 

for this distribution and utilization. The basic reasoning 

behind the power distribution and generation systems was to 

supply power with the greatest ri .-.pendability consistent with 

time and effort available. One unusual possibility arose in 

connection with the Tower Photography. If one of the diesels 

had failed thus causing the second one to come onto the line 

at the precisely wrong time, recycling of some of the fast 

camera time control circuits would have happened. The cam¬ 

era control circuits were, therefore changed to accommodate 

such a contingency, but this added considerable complexity 

to the relay control set up of the Photo Tower system. 
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PHOTO TOWER FILM REQUIREMENTS 

1. Original Requirements 

nie requirement for film was originally established 

upon this tablet 

Test Tower #1 Tower #2 Total To be delivered to 
AV-4 not later than 

PPQ 1 12 

PQ 1 12 

Q 1 12 

EX 2 2 4 

XI 12 

PÏ 2 2 4 

T 1 12 

PZ 2 2 4 

Z 1 12 

PX-14 

EX-10 

EX- 6 

PI- 4 

X- 4 

PI- 4 

ï- 4 

PZ- 4 

Z- 4 

24 tower loads 

Tests PPQ and PQ were established as debugging, correcting, 

and training teats. Q was to be a full scale manned/day¬ 

light test with everything in final form. PX was established 

by AEC as a full scale evacuated test to be exactly like X 

except for the substitution of flash bulbs for the weapon. 

Two loads of film were ordered for PX, one for loading} one 
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for spare for both PX and X. For security reasons, the 

dates were given in relation of test days, not dates* 

2. Revised Recuiremente 

The late arrival of the Photo Tower unit, aggravated 

by the delay in arrival of film, necessitated alteration of 

the schedulet 

Tower Loads of Film Required 

Test Tower £L Tower #2 Tower #3 Tower §L Total 

QX 1 1 
PX 1 1 
X 2 2 

2 
2 
4 

QÏ 
PI 
ï 

1 
1 
2 

1 
1 
2 

2 
2 
4 

QZ 
PZ 
z 

1 
1 
2 

1 
1 
2 

This does not include the film needed for documentary purposes* 

3. Tower Load Consistency 

4 RLCF Kmm Class L 
4 RACF 16mm Claes A 
2 RMCF Ifmm Class W 
1 RKCF Ifmm Class K 

100 ft. Fastax B&IÏ 
100 ft. Fastax B&JÏ 
100 ft. Fastax Color 
100 ft. Fastax Infra-Red 

3 MLG 35mm 
2 ÜUF If mm 
1 RUF Ifmm 

Class L 
Class M 
Class M 

1000 ft. 
400 ft. 
400 ft. 

Mitchell B&R Movie 
Maurer Color Movie 
B-1E Color Movie 

3 
3 
4 
4 
1 

ALB 
AMB 
BLA. 
BM4 
ALD 

Class L 
Class M 
Class L 
Class M 
Class L 

75 ft. 
75 ft. 
56 ft. 
56 ft. 

200 ft. 

K-ie B&W Aero Still 
K-18 Color Aero Still 
K-24 B&W Aero Still 
K-24 Color Aero Still 
Sonne S-7 B&W Smear 
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This doeu not include the fil« fur the O'Brien camera which 

is to be supplied by Ur. Brixner. 

4. Subetltutiona 

Late arrival of film, or changes in plan necessitated 

the substitution of film for other kinds of film. This some¬ 

times depleted one class of film which should have been re¬ 

stored. A good system of film procurement and delivery can 

mean a great deal. 
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APPENDn XV 

FILM MARKING SYSTEM 

1. Film Serial Numbering Syetwa 

The attached document issued by Headquarters, 311th Re¬ 

connaissance Wing gave the original film handling instruc¬ 

tions. Paragraphs 1 and 2 establish the method of assigning 

film serial numbers to every roll or package of film to be 

used on Project Sandstone, and gave the code showing the 

meaning of the serial number. Paragraph 3 gives the intend¬ 

ed importance of the serial number. Appendix XI gives the 

serial numbers of all film used by the Photo Tower unit. 

2. Inapplicability of Marking System 

Paragraph 4 gives the methods by which the various 

kinds of film will be marked. Slating of notion picture 

film may be right for documentary crews, but is nearly im¬ 

possible and highly undesirable in the case of the Photo 

Tower operations. Grease pencil narking is never completely 

reliable, it sometimes rubs off. Careless marking by indiv¬ 

iduals produces unintelligible writing. Neither slating nor 

waxing of Fastax film is reasonable. Because of the forego¬ 

ing difficulties the Photo Tower group adopted the concept 

of perforating used by Eastman Kodak Company. 
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3, Photo Tower Film Mark Syatea 

The mark number, when deciphered with the following 

mark code gives all the information as to the origin of the 

film. 

A eyetern of marking each camera position was established for 

the Photo Tower cameras. The MARK consists of a sequence of 

numbers and letters which give the elements of position and 

operation of each camera. The first element of the MARK is 

a number which designates the oower in which the camera was 

mounted; the second element is a letter which designates the 

type of camera used in this position; the third element is 

a number which desi* iates the position in the tower; the 

fourth element is a letter designating the test for w hich 

the exposure was made; and the fifth element is a number des¬ 

ignating the roll being used as original or standby. To il¬ 

lustrate this, the MARK 1P9Y1 snows thati 

a. The film was exposed in Tower #1 (The Coral Tower). 

b. The camera was a Fastax. 

c. The camera position in the tower was #9. 

d. The film was exposed for the Yoke Day test. 

e. The film was the original roll. 

4. Photo Tower Film Punch System 

Because of the unreliable aspects of marking or slating 
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film «8 pointed out previously, a system for converting the 

Photo Tower ll&RK into numb ere was established so that the 

basic Information could be perforated into the film, the cap¬ 

tion sheets, the containers, and into gummed tape. The PUNCH 

presents the same information as does the MARK, the MARK be¬ 

ing more convenient for tninking and conversingj the PUNCH 

being an indestructible identity for each film. 
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5. Mark and Punch Code for Designation of Sandstone Photo Tower Fila 

1 F 1 

1 1 01 

X 

3 

1 --- Mark 

1 — Punch 

'S 
XI Ü 

.1 
S £ 
G q « 
? u 
Ou-H 
25 

rH * •> 
ã£i?£ 

«H 'Ü rrt 'O 

âïlll 
, O W r/3 c/J 

Q 1 ' 1 1 
§ H CM (»W 

Either the Mark or the Punch in the 
above example shows these facts: 

The film was exposed in Tower #1 

The camera was a Fastax 

The camera position was #1 

The run was X test 

The fila was the original roll 

From the Tower Number and the camera 
position, all pertinent data about 
the use of the camera may be obtained 
from either the Caption Sheet or the 
Camera Book. 
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6. PTf ora tore Ps<d 

The perforators uaed by the Photo Tower unit for punch¬ 

ing the tower fila were purchased fron Cunnings Business 

Machines, Corporation,. Chicago 40, Illinois. The Model 539 

was procured because it could be delivered in the least 

tine. It came with six matrix rings, all numbers. With 

■ore tine, these matrix rings nay be had with letters or 

numbers, more matrix rings may be added, and the index on 

the natrix nay be nade luminous for visibility in the dark 

room. The machines nay also be electrically operated if de¬ 

sired, or a foot attachment nay be added. Various sise 

and combination of holes in the natrix are available. A 

combination of numbers letters would allow complete da¬ 

ta to be perforated into the film. 

7. For Future Test 

It is suggested that the serial numbers of the films 

should be perforated into the film by the manufacturer be¬ 

fore delivery. Every roll and every sheet of every pack 

would thus be permanently Identified. The carton should 

be perforated with the film, and a gunned perforated tape 

attached to a metal container. The caption sheet can thus 

be marked with the serial number at any stage of the film 

handling. If a card type caption system is utilised, the 

perforated cards can be delivered with the film, and returned 
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ipn-.pip,,. . pill .I , J. .. 

vith the file. By mklBg a eection of this card punchable 

and giving photographers punches like railway conductor's 

punches, thee the f ratio, focus, aperture etc. can be 

punched into the card vith the photographer^ symbol, thus 

reducing the probability of errors and mixing of film. Con¬ 

venient note books supplied to the photographers will make 

it easier for them to record captions which will then be 

kept on the spot, not r«conceived later. 
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HEADQUARTERS 31 ITH RECONNAISSANCE WING 

FILM HANDLING INSTRUCTIONS 

PART A: GENERAL INSTRUCTIONS 

I - film Serial Nunbering Systea 27 February 194Õ 

1. All fll« when accepted by the Fila Control Officer 

fron the ABC Supply Officer for use on Project Sandetone 

will be assigned an Individual permanent aerial number to 

each roll, box or pack by the Fila Control Officer and a 

permanent record made of this number in the master Fila le* 

counting Log Maintained by hin at Bolling Air Field, D. C. 

2. The serial number will consist of a code letter 

prefix followed by a number. The code letten will be as¬ 

signed from the following code key» 

FIRST LETTER SECOND LETTER THIRD LET?E& 

A-Aerial fila 9^* 

B-Aerial fila 5^" 

G-Cut film 4x5* 

P-Film Pack 4x5" 

V-Cut fila 8x10" 

M-35nmi fila 

R-l6mm film 

L-Claes L (high Speed Pan) A-56 ft 
A-Class A (regulas pan) B-75 ft 

C-Class C (low speed pan) C-100 ft 

F-Class f (Sound Recording) D-200 ft 

H-Class H (process pan) B-390 ft 

N-Class N (extra high speed F-400 ft 
pan) 

M-Class M (color, daylight G-1000 ft 

type) 

T-Class-1 (color tungsten) H-20 exposures 

F-l-Class F-l (fine grain Ï-36 exposures 
sound recording) 

The FIRST LETTER indicates tue width of the fila, or the 

dimensions in the case of cut fila and packs. The SECOND 

LETTER indicates the type of emulsion on the film. The THIRD 

LETTER indicates the length of the roll, in feet or exposures. 

For example a piece of film marked as "AUD354" aeanss 

A - It is aerial film 9Í inches wide 

L - It is Class L Film (high speed pan) 

D - It is a roll 200 feet long 

354 - It is number 354 in the series 

3. This individual serial number is the fundamental 
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Mans of identification for all fila. It will Identify any 
particular piece of fila for security accountability purposes. 
It my also be of considerable -value in operational identifi¬ 
cation. The inportance of this serial number cannot be over¬ 
emphasised. It will be used in every matter pertaining to a 
particular piece of fila. 

4. Each individual fila container will be plainly marked 
by two gummed seals with its serial number by the Fila Con¬ 
trol Officer before the film is issued. Ordinarily container 
manufacturer's seals will not be broken before issue; there¬ 
fore, this serial number mast be transcribed on the fila la¬ 
med lately after the fila is removed from the container. In 
the case of motion picture fila this will be done by using a 
slate; in the case of aerial still fila this will be done by 
marking on the emulsion with grease pencil; in the case of 
film pack, it will be done by using a titling strip when ex¬ 
posing. This marking will be ¿one by the person actually 
breaking the outer container seal. In addition to marking 
the film, the metal container will also be marked by this per¬ 
son by grease pencil. The responsibility for accomplishing 
this will be fixed on the individual responsible for tLe se- 
surity of the film of this particular time. 

II - Photographer's Identification Code 

1. Each photographer on this project will be assigned 
a code number which will be his specific identification on 
all matters pertaining to his particular photography. This 
code number will be assigned by Headquarters, 3Hth Reconnais¬ 
sance King, UGAF. 

2. i permanent record of these assigned code numbers 
will be kept in a Photographers' Code Humber Log maintained 
by the Film Control Officer at Bolling Air Field, D.C. This 
log will record the photographer's code number, full name and 
rank, and bo far as possible his current address or new assign¬ 
ment. This log will be kept in the following form: 

Code Number Full Name & Hark Current Addresses 
¿7 JOHN RAY DOE CPO USN Crew ¿3 ABC 

28 ROGER BQi GAY ll/Sgt AF Crew #2 Released 
__12 June 48_ 
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III - Pbas« Synbola 

1. In order to Identify photographe by the phase of the 
project they are concerned with, phase sysmbols will be used 
to Identify all photographic exposures. The phase syabol will 
consist of two letters. 

2. The first letter in the syabol will be determined 
from the followings 

B - before the detonation 
D - during the detonation 
▲ - after the detonation 

3. The second letter in the syabol will be dtteralned 
froa the following codes 

I - in connection with the "l* detonation 
I - in connection with the "ï" detonation 
ï - In connection with the "Z* detonation 
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PART B: STILL PHOTOGRAPH! 

I - Ground Photography 

1. Only 4x5 film packs will b« usad for black and 
white photography. 

2. Each pack will be assigned a permanent serial num¬ 
ber by the Pila Control Officer and a pemanent record nado 
of this number in the Master Film Accounting Ix>g. Bach 
pack will be plainly marked with the serial number on the 
outside protactive box by the Film Control Officer BEFORE 
ISSUE. This serial number will be placed on the metal back 
of the pack (by means of grease pencil) by the photographer 
imediately upon breaking the seal and removing the pack 
from the box. 

3. k Titling Strip will be prepared by the Film Con¬ 
trol Officer for each pack and will be issued with the 
pack at the time of original issue. This Titling Strip 
will be made of cleared film stock, cellulose acetate, or 
similar available material. Whan ready for use it will 
contain appropriate identifying symbols, the photographer's 
code number, and the pack serial number. The project sym- 
br I and the serial number will be printed on the strip be¬ 
fore issue. The remainder of the data will be entered on 
it with ink by the photographer. This Titling Strip will 
be affixed by tape to the face of the pack, by the photog¬ 
rapher, before exposure in such manner that the date on it 
is photographed on the film each time an exposure is mado. 
This Titling Strip will also be used for color cut film. Th¿ 
photographer will insect the Titling Strip before use to 
make certain it is complete and that the data is clearly 
legible. It is extremely important because it provides the 
only positive identification of individual sheets of film. 
Each Chief of C.'ew will be furnished a supply of complete 
blank titling strips for use only if the original should be 
lost or damaged. 

4. Titling Strips will be l/2 inches long and l/u inch 
wide outside dimensions. They will be prepared as illus¬ 
trated by the following example: 

(See Exhibit "A* for detail data.) 
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The meaning of tho symbols In the sketch on the previous pa¿ei 

Space #1 (To be filled in by the photographer) Insert B, D, 
or A, indicating if the photograph was taken be¬ 
fore, during or after detonation. 

Space #2 (To be filled in by the photographer) Insert X, ï, 
or Z indicating the photograph vas taken in con¬ 
nection with the corresponding detonation. 

"S" Is the identifying symbol of the overall operation. 

Space #3 (To be filled in ty the Photographer) For the Pho¬ 
tographer's code number. 

”PL" Indicates film pack and film speed (from serial 
number*iig code). 

Remaining spaces (t be filled in by photographer) are for 
the pack serial number. After the film is developed, bat 
before it is printed, a number is inserted in the blank 
space to the right of the serial number on the negative. 
This number is the sheet number of the pack (stamped on the 
edge of the film by the manufacturer). This number is placed 
in this space so that it will appear in masked prints. 

II - Aerial Photography 

1. Each roll of film used on this project will be as¬ 
signed a permanent serial number by the Film Control Offi¬ 
cer and a permanent record made of this in the Master Film 
Accounting Log. Each roll will be plainly marked on the 
outside protective box by the Film Control Officer before 
issue. This serial number will be transcribed on the emul¬ 
sion of the film with grease pencil by the person breaking 
the container seal and removing the film when loading the 
magazine. It will be especially noted the complete serial 
number will be written on the emulsion, not on the leader. 
The responsibility for accomplishing this will be fixed on 
the individual responsible for the security of the film at 
this particular time. 

2. At the completion of the mission, the photographer 
will further identify each piece of film he has exposed by 
writing appropriate identification on the emulsion at the 
end of the exposed portion. In event the entire roll was 
exposed, this additional Identifying data will be written on 
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the trailer or otherwise affixed directly to the fill-. 

3. Inmedlately after exposure, the photographer will 

complete a set of caption sheets for each roll exposed. To 

identify subject of each exposure and to "eco'.d pertinent 

data. The sheet will be filled out in quadiaplicate. Two 

copies will be sent with film to processing laboratory* 

One copy will be sent to Fijm Issuing Officer, Bolling Field. 

The fourth copy will be retained for permanent file by the 

camera crew chief. 

4. Whenever possible, exposed film will be returned 

to the original can or container, properly sealed with 

tape, and narked '‘EXPOSE)". The Chief of Crew will make 

certain the can is properly marked with correct identifica¬ 

tion, being partie»xarly careful to insure that the film 

serial number is legible and correct on the outside of the 

can* 

5. After processing all aerial still film, it will 

be titled with the standard type title. The processing 

laboratory will prepare a title as specifically explained 

below. This title will be inked on the first and last neg¬ 

atives on the roll and acetate titling strips will be pre¬ 

pared for use when printing other negatives of the roll* 

The following title will be used on all negatives exposed 

by aerial still cameras whether operated from aircraft or 

from ground positions* 

25 BXS 18B À1D135 22 999 7 Mey 48 0950 K22 40" Obi 18500 SECRET 

. .- 

ñ I 
V V V* V 

yv-y ■ 

■ "i 

* * 

•• V*’'“ • •»V / 

iV O, O i . V V V 

All of the above data will be obtained fron, the Caption Sheet. 

v/ 
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PART C - MOTION PICTURE PHOTOGRAPH! 

I - Ground Photography 

1. Each roll of filn used on this project will be 

assigned a permanent serial number by the Fila Control Offi¬ 

cer and a permanent record made of this number in the Master 

Film Accounting Log. Each roll will be plainly marked with 

this serial number on the outside protective box by the Fila 

Control Officer before issue. When the container is opened 

and the film is loaded in a magazine, the photographer will 

take adequate precautions that the identity of the magazine 

is cu. early marked until the film can be permanently identi¬ 

fied cr photographing a slate. This slating will be done as 

soon after loading as possible. The serial numbers of indiv¬ 

idual rolls of film must be definitely known at all times. 

2. After each period f exposure, the photographe.' 

will enter the required data on the Caption Sheet. When a 

roll is completed, he will unload it fron the magazine «nd 

return the roll to the original can it was issued in. In 

any case, the can the exposed film is returned in must be 
correctly marked by grease pencil indicating the film serial 

number and that it is exposed. Disposition of tne Caption 

Sheets will be as prescribed in Part B, Section II, Para¬ 
graph 3, above. 

II - Aerial Photography 

1. Since the same general types of cameras are used 

for both aerial and ground motion picture photography, the 

procedures outlined in Section I, above, may be applied to 
the handling of film. 
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PART D - GENERAL INFORMATION FOR AU, PHOTOGRAPHERS 

I - Screening 

1, Screening: Immediately upon receipt of processed 

film (c.t the Cataloguing Dept - Motion Picture or Still) 

subject matter will be carefully checked against capticn 

sheets and screened for items listed below: 

(1) Correct exposure. 

(2) Camera operation. 

(3) Comí« s it ion. 

(4) Laboratory processing. (Motion picture nega¬ 

tive will be checked whenever there appears to 

be faulty laboratory work.) 

(5) Completeness of information on caption eheete. 
(6) Subject matter: List from beginning of roll or 

pack, negative by negative, or frame. 

NOTE: By comparing negative and the caption sheet, 

personnel screening film should be able to 

gain sufficient information to write a com¬ 

plete story of subject material, and ade¬ 

quately compose negative captions. 

II - Quality Code 

1. Quality Code: The following listed numbers will 

be used to designate quality of photography in film catalogs 

and in TWX message or confirming reports to camera crews in 

the field. 

(1) Excellent over-all quality. 

(2) Satisfactory over-all quality. 

(3) Negative underexposed. 
(4) Negative overexposed. 
(5) Poor composition. 
(6) Camera malfunction. 

(7) Out of focus. 
(8) Fogged, light struck or camara scratched (ex¬ 

plain appearance) 

(9) Will be used to show that a particrlar negative 
scene, group of negatives, roll or pack, is of 

no value. 
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Ill - Messagee and Reports 

(1) lœdlately upon completion of screening and 
Inspection of film, a TWX will be sent to the 
JTT - 7 Photographer through Sandpiper, narked 
Attention of the particular photo crew chief 
or photographic units commander concerned. 
Message will contain sufficient information to 
keep Unit Comnanders or Photo Crew Chiefs cur¬ 
rently informed on the condition of their 
equipment and the efficiency of their personnel. 

(a) Priorities 
If any portion of the roll or pack is 
unusable, TWX will be sent precedence 
Priority action. 

2. If important coverage was not accoiH 
plished due to any failure, TRX will 
be sent Urgent. 

2. If satisfactory coverage was obtained 
TOX will be sent as Routine. 

(b) All TWX'e will be confirmed by letter. 
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E X H i B I I "A"

Film pack showing titling 
strip correctly mounted.

Notice the lettering is reversed.

The pack in the adapter showing 
correctly positioned titling 
strip.

CT-_U

x:

8x<it»y ir~z
A print made from the pack shown above.
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APPEND H IVI 

COMMUNICATIONS 

1. Importance of Reliable Coamuniotlonfl 

The ability to communicate rapidly and reliably is a 

great aaset, the reduces the overall time and effort tre¬ 

mendously. The cost of good communications is small in 

comparison to the value gained. Much of the communications 

System of the Sandstone tests mas aggravating and often use¬ 

less. They improved toward the end, but even then, it was 

difficult to reach the various stations by the telephone 

or radio telephone systems in use. Security of communica¬ 

tions is also important, the aspects of this are mentioned 

under the security problems. 

2. The Tower Communications System 

In anticipation of the need for reliable inter-tower 

communications, the Photo Tower group took with them to the 

theater four SCR 2?4N radio sets which included the trans¬ 

mitters and receivers. Permission to use these sea never 

granted. Instead, placed on the technical net were allotted 

to the towers and SCR 608 radios were installed in each of 

the towers. This net, after getting it actually into oper¬ 

ation, was a very great help and was technically quite sat¬ 

isfactory. Early troubles were encountered in malfunctions 



of the installations, late assignment of positions on the 

technical net, and in the fact that the net had been set up 

directly in the interaati-nal 10 meter band. All frequen¬ 

cies then had to be changed. The big advantage that occurred 

to the tower photography through this net was the number of 

stations that could be contacted outside of the towers them¬ 

selves. This turned out to be a great advantage in view of 

the very poor telephone system operation. In addition to 

this technical net, the Island Tower sites had field tele¬ 

phone installations that connected from the tower cab to the 

surface, and to the living quarters on Aomon and Runit. 

Antyaanii had no living quarters, and there was no telephonic 

connections with the Coral Tower except through the timing 

cable This link was only used when correlating the timing 

system. 

3. Radio Discipline 

The radio discipline on the technical net was, in gen¬ 

eral, poor. This was due to both lack of training and intel¬ 

ligent disciplining of offenders, and to lack of realization 

of the capabilities of the equipment. The technical net con¬ 

sisted of many stations, each station having installed an 

SCR 608 which is composed of a ten channel transmitter and 

two ten channel receivers, all crystal controlled. Channels 

were selected by a push button control. There would be as 



many as tea stations assigned on one frequency. Thus your 

listening frequency or channel would be assigned, but there 

would be others on that channel. To call another station, 

your transmitter would be tuned to the appropriate channel 

by pushing the button on the transmitter corresponding to 

the channel being called. Your first receiver would remain 

on your assigned listening frequency. The second receiver 

should be tuned to the same channel as the transmitter. 

This enables you to listen on the channel upon which you 

will be broadcasting, and thus prevent you from breaking 

into another transmission already in progress. Two receiv¬ 

ers were installed at nearly all stations, and yet, very 

rarely were they used as above described. Sometimes both 

receivers were on the same channel, the listening channel} 

but more often, one was turned off and left off. A strict 

insistence upon good radio techniques would have materially 

improved the quality and quantity of communications. 
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PA-166-1371-5 Many of the shipboard sets were nounted in 

banks. Many users had feedback troubles from their receiv¬ 

ers putting their own outgoing signals back into the trans¬ 

mitting microphone. The familiar squeak that resulted 

often destroyed more than Just the transmitted intelligence 

of that set. 
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PL-569-5422-7 The SCRf-608 could be used for many things 

besides just straight communications. They can be used for 

recording and have been left in continuous operation at an 

unmanned station so that a listening monitor of the events 

could be recorded. 
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PW39-7044-9 Air Force Major Bill Miller answers a call 
at Debark"« Miller, a long tine "han" operator, had ex- 

ceptionally fine radio habits and demonstrated the advan¬ 

tages of good radio discipling in improving the amount and 

ease with which communications could be handled. 
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PL-426-5567-4 Navy Lt. R. L. Warner selects the "Debark" 
channel to call the Runit Photo Tower fror the Coral Tower* 
Battery charger for the radio set is in the lower right cor¬ 
ner of the picture, batteries are on the floor under the set* 
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appendn XVII 

EXPERIMENTAL PROJECTS 

1. Tower Purpose 

The purpoee of the Photo Tower operation was to obtain 

certain phases of photographic coverage of the weapon teste. 

There was no test, development, or experimental plan in¬ 

cluded with the tower operation. However some development 

was needed to accomplish the mission. In addition, several 

minor tests were conducted on the Initiative of various 

members of the group. Some of these are briefly discussed. 

2. "Blow Awar" Photography 

All tower photography was designed to record detonation 

phenomena only. There was no photography known to the Photo 

Tower Director which was designed to show the result of the 

blast upon objects or terrain. All tower photography was 

being accomplished from ranges which were far greater than 

the minimum required from gamma radiation and blast consid¬ 

erations. Two days before the Yoke detonation, permission 

was received to install a camera on the causeway between 

Aomon and Biijiri. As shown in the pictures, this was a 

well protected position, and was chosen because the camera 

could obtain a view of the palm trees and concrete struc¬ 

tures without the camera receiving direct radiation from 



the detonation. This particular detonation was of particu¬ 

lar interest because of the great muober of pala trees which 

would be scorched, and after starting to saoke, would be 

blown away by the blast. 

3. Failure of Experiment 

The experiment was very rapidly assembled. A ship's 

clock was procured, contacts were soldered upon the face, 

relays connected from a battery to the clock and camera, 

and a single switch added. The camera was set up during • 

rain storm and then left. The switch was closed by the 

last people to leave the Island. The experiment was a com¬ 

plete failure. The pressure wave compacted the fill material 

of the causeway, springing the steel sides outward. The 

camera had been braced for every kind of loading except the 

sudden outward motion of the sides. The camera was, there¬ 

fore, flipped out of its mounting when only about half of 

its film had been used. Because of lack of appreciation by 

the military of experimental technique control) and because 

of the very poor and awkward C.I.C. control, the people per¬ 

forming the experiment were not allowed to return and re¬ 

trieve the camera, film, and controls. The camera and film 

■agCEine were turned into the C.I.C. control station, but 

only after the camera lenses had been stolen. The clock was 

also stolen. The worthless relay, battery, wiring, and 
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supports wer« not «olested. The lens «es not broken off, 

it had been carefully removed, and the camera then again 

pushed into the mud to attempt to create the illusion of 

damage. The clock had been unscrewed from its heavy base. 

The base was then battered, but the threads and a pivot bar 

were not damaged as would have been the case if the concus¬ 

sion had knocked the clock off the base. The magazine had 

been wound with adhesive tape to prevent it and its lids 

from rupturing during the negative pressure cycle of the 

shock wave. One of the interesting points of the experiment 

was the ability of the equipment to withstand the imposed 

loadings. All control of this aspect was lost. The tape 

was removed from the magazine without noting its condition. 

The control on the film was lost, it is not known whether 

the film that ran through the camera was light struck from 

the magazine lids opening or from penetrating radiation. 

The part of the film that was not transported by the canc¬ 

era was removed from the magazine and left in the open to 

become totally exposed. This prevented a comparison of the 

transported and untransported film. 
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4. Pictorial Section 

PL-88-12 This steel causeway connected the Islands of Aoaon 

in the background and Biijiri in the foreground. The Aomon 

Zero Tower and the short Photo Tower are in the background. 

The position chosen for the test camera installation was 

close to the block shown at the sand and water intersection 

on the Aomon end of the causeway. 
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PA-87-7 The causeway was constructed of interlocking angu¬ 
lar steel pieces driven into the corral sand and welded to¬ 
gether, This picture was made during oonstruction. 
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PL-571-7 The camera was set into one of the recession« 
where it was bolted to an OEL case lid. The camera was 
wedged into position with wooden wedges. Wedges were driv¬ 
en along side of the magazine plates to help prevent them 
from coming off during the rarifaction which follows the 
compression wave. 
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PL-571-8 The camera carried a four hundred foot magazine 

The covers of the magazine were taped into place* 
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PL-571 The clock was placed in the OEL box on top 
of the battery. The clock operated the relay shown sit¬ 
ting upon the clock face. The power cable connected 
from the relay to the camera. The twisted pair of leads 
extending through the top of the case are the ones that 
the last person leaving the island twisted together to 
connect the electrical circuit to the clock. The camera 
has not jet been wedged into place. 
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PI^*57l-4 Adjustments are made to the camera before wedging. 
Notice how the camera is recessed into the etsel frame. 
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PL-571-3 A rainstorm soaked the set 1¾). Tho pieces of 
plywood were inserted to give protection to the camera. 
The OEL case containing the battery, clock, and relay ia 
shown in its final place, but before wedging. 
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PL-571-2 Camera and OEL case wedged into position» 
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PL-571-9 Final inspection. The actual set up shown :--.1/-- 
here was removed the next day and the camera cleaned, l!-'v-V-l>lv 
better wedging installed, and a top shelter built, 
Time was available for this because of the delay in 1-1,-^V-V-V-i. 
toe Y day test. 
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5* Action Recording Photography 

From the experiences of watching five atomic explo¬ 

sions, being concerned with various details of preparations 

and analysis of photographic and physical results, the 

Sandstone Photo Tower Director has concluded that there is 

much valuable military material to be obtained by placing 

photo and other recording devices closer than the great 

distances that were used at Crossroads and Sandstone; and 

there should be some concern with other than purely detona¬ 

tion phenomena. 

6. Telescopic Viewing 

Viewing of the detonation with binoculars was tried 

on each of the X, ï, and Z tests, but it was not until the 

last that a workable system was produced. The previous 

failure centered around the failure of the viewing person¬ 

nel to realize the great light latitude and the inability 

of the eye to accommodate to the great changes. If the 

glasses were filtered for the initial periods, the observer 

would very soon not be able to see through the glasses, and 

if he then looked over them, he was still blindaã. Scat¬ 

tered light entered the side of the eyepieces, thus inter¬ 

fering with the viewing. 



7. Dramatic Z Day Resulta 

The Photo Tower Director viewed the Z day detonation 

from Eniwetok through 7 X 50 binoculars which were secured 

to a weighted table. The field of view of the binoculars 

was aligned on the red light of the Zero Tower with the 

light somewhat below the center of field of view. Three 

ND 1.5 filter sheets were then hinged to the table in front 

of the binoculars. These sheets were individually hinged 

so that the initial detonation would be viewed through fil¬ 

ters totalling ND 4.5. When the observed light became low, 

the first sheet was flipped down out of the field of the 

glasses, thus leaving a total of ND 3. Later, one more 

sheet was flipped down, and still later the last one. This 

worked remarkably well. A system of crossed polaroid might 

be better, but the method used is a system that can be easi¬ 

ly constructed and all phases of the explosion can be con¬ 

forta bly viewed by an observer, tony tilings previously ob¬ 

served only in films, were readily apparent by visual obser¬ 

vation. This was by far tha dramatic viewing that 

this observer had had. The dust explosions from the ground 

were spectacular. The passage of the shock wave through 

and along the various density strata and the resulting re¬ 

fractions were observed. Some phenomena attributed to la¬ 

ter stages of the Mach ï were also detected. For impressing 
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observara this system is very good. It should be added 

that the head of the observer was covered, and the covering 

carefully wrapped around the binoculars to prevent light 

leaks. This is quite Important. 

8* Sound Recording 

Magnetic sound and film recordings were made by Capt. 

Strandberg of the US1F, and hy Mr. Toss of the USN. Reports 

of their activities should be in the Technical Director*s 

Report. These recordings were made at Eniwetok and in the 

Photo Towers. In addition, underwater recording was attempted 

at Eniwetok, but this did not give usable results. Record¬ 

ings were made in the Photo Towers of the operation of the 

equipment. This presented an interesting study of the auto¬ 

matic sequence of operation of ti e cameras. It also confined 

the fact that nearly all of the cameras in both towers on the 

ïoke day detonation ceased operation at the time the shook 

wave reached the Photo Tower. 

9. Underwater Sound 

Underwater listening tests were conducted on Eniwetok on 

both X and ï days. Â stethoscope with thin rubber diaphragms 

was used. The sensitivity of the system was good enough that 

small pebbles could be heard striking the lagoon bottom when 

dropped in six feet of still water. It was never certain 
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that the sound heard vas the water pound wave* The X day 

determination was made while leaning over the stern of a 

small boat which was close to metal floats. The air sound 

wave was transmitted through these floats into the water 

and this sound was heard. The I day test was made while 

standing waist deep in the water on the Eniwetok Officer*s 

Club beach. Nothing unusual was heard, 

10. Wedge Filters 

One partially reflecting wedge filter was mounted on 

the Island Tower Sonne camera for test Z. The filter was 

so designed that it broke up the received light into manv 

non-parallel beams graded in intensity. These beams worli 

then make separate streaked images on the negative, the 

streaks being successively dimmer to extinction. This seemed 

to have great promise for some types of analysis, although 

the linear travel of the Sonne was only forty inches per 

second. This type of wedge filter applied to a fast streak 

image camera like the General Radio might yield Interesting 

data. Details of the filter and the results on the film 

are obtainable through B. Brimer, Los Alamos Scientific 

Laboratory. 

11. Shock and Sway Detection 

The tower crews were greatly interested in the reaction 
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of the toners to the iiapact of the shock «aves against 

them. Several crude indicators were constructed to give 

an indication of the shock effect and sway of the tower. 

None of these were calibrated, they were indicators only. 

The type used to measure sway consisted of a cross-board 

suspended by two parallel strings. Upon the board were 

mounted two pencils so that as the board swung, the pencils 

marked on a paper. The plane of the strings was established 

to be perpendicular to the shock wave front. The lines made 

by the pencils really represented a combination of the shock 

acceleration and tower sway. The resulting indications led 

to the conclusion that the tower sway was actually less from 

the X detonation than it was from wind buffeting during 

storm periods; and far less than the reaction caused in the 

Coral Tower when the LCM boats butted it. A shock type in¬ 

dicator consisted of a tightly stretched horizontal string 

with a series of washers strung onto it. These washers, 

about an inch and a half in external diameter, were uniformly 

spaced along the string, thus giving the string a modified 

catenary. The resultant positions of the washers then in¬ 

dicated the effect of shock. The shock to the Island Tower 

on I day was considerably more than was the X day shock, 

but not extreme under any condition. Only one pane of glase 

was knocked from the tower windows. This occurred on ï day 

■ * • * >> .“w 

(.- -.- -•.-. ■ 

y** • ■ i.- . - i 
.- -. * 

ï- 
■ . 

9 

301 



to the Runit Tower. The pene fell fron the frene end did 

not breek until after hitting the steel floor of the oeb. 

The pene had not been etteched to the frene with putty, one 

swell pro-puttying wire wee ell that wee holding it In. 

Serrerai other penes thuj eounted did not fell ont. The I 

day shock also "knocked11 ont the critical holding relay 

that naintained the najority of the cañeras in operation 

after the Biiius-one~seoond pulse eeased at plns-one-seoond. 
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APPENDIX mil 

PROPOSED TOWER TYPES 

This appendix vas designed to suggest several aspects 

of biped and tripod tovers as suggested under Photo Tower 

Improvements in the body of the report. Page 105» The 

principles suggested in the body of the report have been 

accepted by both J-Division, Los Alamos and E, G & G, Inc., 

Boston,as worth while development projects. For further 

details upon this type of construction, it is suggested 

that either J-Division o¿ E, G & G Inc., be contacted. 
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appendn m 

PROPOSED CAB TYPES 

Thic appendix was originally conceived to be a more 

coop1ete discussion of the principles suggested in the body 

of the report under Photo Tower Improvements, Page 105» etc. 

Many of these principles have been accepted by J-Division, 

Los Alamos and by E, G & 6, Inc., Boston, as principle# for 

incorporation in future test equipments. For detailed inr 

formation upon these items, it is suggested that contact be 

made with either J-Division, or E, G & G, Ine. 
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APPENDIX XX 

PHOTO TOWER FILM BY FILM SERIAL NUMBER 

The folloviiig líete gire the fila serial numbers of 

the film exposed by the Photo Tover crews. All listings 

that do not contain a MARK number are special films and 

are listed under MISCELLANEOUS In the Photo Tover Caption 

Book (made of fourth copy of the Photo Tover Caption Sheets), 

ALB - 1 1K17, 18, 19 QX AIR -1? 1S28 QÏ 

-18 3X17 QT - 2 2K17, 18, 19 QX 

- 3 1X17 PX 

- 4 1K18 FI 

- 5 1X19 EX 

- 6 2K17 PX 

- 7 2X19 PI 

- 8 2X18 PX 

- 9 1528 X 

-10 2S28 X 

-11 1X17 X 

-12 1X18 X 

-13 1X19 X 

-14 1X17 QY 

-15 1X18 QY 

-16 1X19 QY 

-19 3X18 QY 

-20 3X19 QY 

-21 3S28 QY 

-22 1X17 Y 

-23 1K18Y 

-24 1X19 Y 

-25 1528 Y 

-26 1X17 QZ 

-27 1X18 QZ 

-29 1X19 QZ 

-30 4X17 QZ 

-31 4X18 QZ 

-32 4X19 QZ 
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ALB -33 1KT7 Z 

-34 1K18 Z 

-35 1X19 Z 

-37 3S28 I 

Aie -23 3K19 ï 

-134 4*17 Z 

-135 4*18 Z 

-136 4*19 Z 

-43 1S28 QZ 

-44 4S28 QZ 

-45 1S28 Z 

-46 4328 Z 

A LD—71 1528 PX 

-72 2528 PX 

AUB -17 2X17 X 

-18 2X18 X 

-19 2X19 X 

-21 3X17 ï 

-22 3*18 T 

B IA. -46 1L20 PX 

-47 1L21 PX 

-48 1L22 PX 

-49 IL23 P* 

-50 2L20 PX 

-51 2L21 PX 

-52 2L22 PI 

-53 2L23 P* 

-54 1L20 thru 72 QX 

-55 2L20 thru 27 QX 

-56 1L20 X 

-57 1L21 I 

-58 1L22 X 

-59 U*23 X 

-60 2L20 X 

-61 2L21 X 

-78 2L22 X 
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BU - 79 2L23 X 

- 80 1L24 X 

- 81 11*25 X 

- 82 1L26 X 

- 83 11*27 X 

- 84 2L24 X 

- 85 2L25 X 

- 86 21*26 X 

- 87 21*27 I 

- 88 11*20 Qï 

- 89 11*21 Qï 

- 90 11*22 QT 

- 91 11*23 Qï 

- 92 1L24 Qï 

- 93 11*25 Qï 

- 94 11*26 Qï 

- 95 11*27 Qï 

- 96 3L20 Qï 

- 97 31*21 Qï 

- 98 31*22 Qï 

- 99 31*23 Qï 

-100 31*24 Qï 

-101 31*25 Qï 

BU -105 

-I06 

-107 31*26 Qï 

-108 31*27 QT 

-109 11*20 ï 

-110 11*21 ï 

-111 11*22 T 

-n2 11*23 ï 

-n3 11*24 ï 

-114 11*25 ï 

-H5 1L26 ï 

-116 11*27 I 

-II7 31*20 ï 

-ns 31*211 

-119 31*22 i 

-120 31*23 ï 

-121 31*24 T 

-122 31*251 

-123 31*26 ï 

-124 31*27 ï 

-125 11*20 QZ 

-126 11*21 QZ 

-127 41*20 QZ 

-128 41*21 QZ 

V 
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BU -129 41*22 QZ 

-I30 41*23 QZ 

-149 11*20 Z 

-150 1L21 Z 

-I5I 1L22 Z 

-I52 1L23 Z 

-153 41*20 Z 

-154 41*2.1 Z 

-155 41*22 Z 

-156 41*23 Z 

-157 41*24 QZ 

-158 41*25 QZ 

-159 41*26 QZ 

-160 11*22 QZ 

-161 11*23 QZ 

-162 11*24 QZ 

-163 1125 QZ 

-I64 11*26 QZ 

BMJ - 76 11*24 Z 

- 77 11*25 Z 

- 78 11*26 Z 

- 79 11*27 Z 

- 80 41*24 Z 

- 81 41*25 Z 

- 82 41*26 Z 

- 83 41*27 Z 

me -483 Anljmanii T1m T*rt 

MàF - 80 Special I 

-I30 UQ2 Z 

-131 4*12 Z 

MàQ - 48 Special 

. ¢4 4104 Z 

-121 1104 Z 
«Under Miscellaneous 
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mo -122 4*0-3 z KLG - 16 1*0.2 X 

MCF -180 

-181 110.2 T 

-183 3*0.2 ï 

MC G -110 1103 I 

-léé 3M13 ï 

-167 1*0-3 Z 

MLG - 3 1*0.2, 13 QX 

- 4 Fogged NQ» 

- 5 2*03 QX 

- 6 1*0.2 FX 

- 7 1*0-3 PX 

- 3 2M12 FX 

- 9 1*0-2 QT 

— 19 1*0.3 X 

- 20 210.2 X 

- H 2*031 

- 22 1M13 QX 

- 23 3*02 QX 

- 37 3*03 QÏ 

- 38 3*04 I 

- 40 2)04 X 

- 42 1102 Q2 

- 43 U0.3 QZ 

- 44 4*03 QZ 

- 49 4*03 QZ 

- 50 4*04 QZ 

PA -202 Documentation* 

-203 Documentetien* 

♦See Miscellaneous 
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RACF 
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- 1 2F6FX 

- 2 2F7PX 

- 3 2F8PX 

- 4 2F11FX 

- 5 1F6PX 

- é 1F7FX 

- 7 1P8PI 

- 8 1F11PX 

- 9 IFfX 

-10 1F7X 

-11 IFftX 

-12 ULiî 

-13 2F6X 

-14 2F7X 

-15 2F6X 

-lé 2F11X 

-17 1F4QY 

-16 IPSQY 

-19 IFéQÏ 

-20 1F7QI 

-21 1F8QÏ 

-22 1F9QÏ 

-23 1F11QÏ 

-24 3F4QÏ 

RACF -25 3F5QX 

-2é 3F6QÏ 

-27 3F7QÏ 

-28 3F8QÏ 

-29 3F9QÏ 

-30 3F11QY 

-31 3F3PÏ 

-32 1F3PÏ 

-33 IFéPY 

-34 3P7PY 

-35 IF7PY 

-36 1F6Y 

-37 IF7Y 

-38 1F8Y 

-39 1F11Y 

-40 3F6Y 

-41 3F7Y 

-42 3F8Y 

-43 3F11Y 

-44 IPéQX 

-45 IF7QZ 

-4é 

-47 

-48 

RACF -49 1F6Z 

-50 1F8QZ 

-51 1F11QZ 

-52 4FéQZ 

-53 4F7QZ 

-54 4T8QZ 

-55 41*1102 

-58 IF7Z 

-59 1F8Z 

-60 IFllZ 

-61 4F6Z 

-62 4F7Z 

-63 4P 82 

-64 4P HZ 

RKCF - 1 Special* 

- 2 IP 9 Y 

--3 3F9Y 

*MißcellaneouB 
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RKCF - 12 1F9Z RLCP 

- 13 4^92 

RLCF - e mopx 

- 9 2FU 

- 10 2P2X 

- 11 2F3X 

>12 1 Dummy QX 

- 13 1 Duony QX 

- 14 2 Dummy QX 

>15 2 Dxunny QX 

- U 2F6,7,8,9,QX 

- 17 2F2,3,4,5,0X 

- 18 li'9»10,ll,2Fl QX 

> 19 1F5,6,7,8,QX 

- 20 1^1,2,3,4,0¾ 

- 21 Dmnmy^ 

- 22 2F1GX 

- U »51 

- 45 1T9I 

- 46 2ra 

- 47 2F5X 

- 48 2F9X 

- 49 IFIQÏ 

- 50 1Í2QT 

- 52 1^301 

- 53 1F10QT 

- 54 Special* 

- 55 3F1QÏ 

- 56 3F2QY 

- 57 3F3QY 

- 58 3F10QY 

- 59 3F1FY 

- 60 Special* 

- bl Special* 

RLCF - 69 3F6PY 

- 70 1Í1QZ 

- 71 1F1Y 

- 72 1F2Y 

- 73 1F3Y 

74 1F10Y 

75 3F1Y 

- 76 3F2Y 

- 77 3F3T 

- 78 3F10Y 

- 79 1F2QZ 

- 80 1T3QZ 

- 81 »402 

- 82 »502 

- 83 »9QZ 

- 84 »1002 

- 39 »» 

- 40 »2X 

- 41 »32 

- 42 »10X 

- 43 »a 

- 62 3F2PY - 97 4!aQZ 

- 98 4F2QZ 

- 99 4F30Z 

-100 4F40Z 

- 67 »»Y -ICI 4F5OZ 

-66 »2PY -102 4F90Z 
*Miecellaneoua 
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RLCF -103 4F10QZ RMC -702 1B30Z RMF 

-104 4^102 -703 4B30Z 

-105 4F12 

-106 4*22 RMCF - 23 1T4Ï 

-107 4*32 - 24 1*51 

- 25 3*41 

-116 1*12 - 26 3*51 

-117 1*22 

-118 1*32 

-119 1*102 

-33 1*42 

-34 1*52 

RMC -411 2B30FX -35 4F4Z 

-412 1B30FS -36 4P5Z 

-4I3 1B30QY 

-4I4 3B30QT 

-4I5 1B30I 

-416 2B30Ï -41 IE3OQZ 

4 2N16PX 

5 2N15*X 

6 2N16PX 

7 2N15QX 

8 2N16QZ 

9 1B30, 2B30 QX 

23 1N16X 

24 1N15X 

25 1N15QÏ 

26 1N16QÏ 

27 3N15QI 

28 3N16QI 

56 m6QX 

57 1N15ÍÍX 

-42 4B3OQZ 

-567 1B30Ï - 67 INI5X 

-568 3B30Y RMF - 1 BÍI5PX " ^8 INI6Y 

- 2 INI6PX “ 69 3N16Y 

- 3 Î115PX - 70 3NI5Y 
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RMF - 75 Sun8«t* 

-W8 1N16QZ 

-lfi9 1N15Q2 

-170 4M15QZ 

-171 4W.6QZ 

-172 IKI5Z 

-173 INI6Z 

-174 4NI5Z 

-175 4N16Z 

-208 Sunaet* 

-209 Sunset* 

-210 Sunaet* 

-211 ■ 

-212 ■ 

-213 ■ 

-2U " 

-215 " 

-216 " 

-217 '' 

«Miscellaneous 



> V* s * >” .- A . 

APPENDIX XXI 

LATERAL FIELD OF VU» 

1. Horizontal Field of Vl<w 

The associated diagrams give the lateral fields of 

view of some of the cameras used ty the Photo Towers. In 

addition to the angular view, the charts are made so that 

the width of the field in feet may be determined at various 

ranges. The width of the horizontal field is written in 

for the 30,000 foot range. 

2. Vertical Field 

The vertical field of view of the cameras is not given. 

These may be obtained by calculation from the distances and 

the focal lengths, or by application of the frame height to 

width ratio to the horizontal field of view. 
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APPENDH XXII 

( 

» 

P 

“V 

» 

PHOTO TOWER BLOCK AMD SCHEMATIC DIAGRAMS 

Thie appendix was designed to present the electrical 

control system as used in the Photo Tower operations. The 

method of presentation was to have been a series of dia¬ 

grams with explanations, the diagrams including a general 

bloch diagram of a complete tower system, specific block 

diagrams for major divisions within the tower system, and 

specific schematic diagrams showing the electrical charac¬ 

teristics of each circuit used. The explanations were 

planned to tell what the circuits were and why those cir¬ 

cuits were used. The material has not been adequately 

pulled together for formal presentation as of this writing. 

The details are available through E, G & G, Inc., Boston. 
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TRANSPORTATION :-¾¾¾¾ ^ •••«-% - - • ^-3 
tit ij 

1. Reg air enante 
h^*. •a,’’ ä* a."*! 

* _• "i " •< jfl %* * ■*." -n\ 
Without water, land, and air transportation an opera- -.ÿ.-J-.y.y. 

tion of thie nature ceases to function unless it is ade- rw'>-;Sv-v 
s 

quately supported with the appropriate vehicles. The bet- 
* 1-:.:¾ • 

ter the transportation, the better the acconplishnent of 
■At 

the Biesion. vv. i I 
k . 

2, Transportation Facilities ’v ÿ- 

The following pictures demonstrate some o£ the vehicles 

and facilities supplied for the Sandstone Tests* These pic- 
i < Æi. j .i, i 

,- V •> 
tures do not by any means portray all of the transportation 

and loading facilities. ‘y':--':/:/. 

1 * * * " k * . . 
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PL-424-7 While not used for mass transportation, the heli­

copters provided a very vital link for sone of the operations, 
This shot of Aonjon Island shows the tall Zero Tower and the 
shorter Photo Tower,
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PL-313-2 The L-5e became one of the most valuable asseta 
of the operation. One taket off of the long runway on 
Engebi between the flight control tower on the left with 
the Zero Tower in the right background.
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PL-439-10 Looking East from the Photo Tower at Runit Island 
with the Zero Tower on the left, trucks in the foreground, 
one L-5 at the guard shack with another starting a take-off 
down the runway. 
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PL-132-8 ffhei'ever the vegetation is removed, the surface 

becomes one of fine coral sand which creates dust clouds 

in the winds unless rain is falling. 
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PL-487-4 Two 1>5s stand by waiting for passengers. These 
airplanes and pilots did a Herculean job trying to cope with 
the tremendous requirements that were pushed upon the». 
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PA-99-2 The Rvinit dock where the smaller boats landed per¬ 
sonnel and light equipment. The jeep is waiting in front 
of the LCM landing beach. Runit Photo Tower in background. 
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PA-131-1 A battered LCM has a broken down jeep loaded aboard 
by an Island based crane. One cf the AV class ships in the 
background. 
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PL-405-12 An LCM pulls away from a larger ship In the cal» 

lagoon. Much spray came aboard these craft on windy days, 

or even with little wind if there were swells. 
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PL-5^5-11 The smaller craft took aboard a lot of spray even 
on very quiet days. 
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PA-16-3 There is no end to what goes aboard a ship. This 

DUKW is bound for Eniwetok. 
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PI^212-10 Typical method of offloading supplies and equip¬ 
ment. Here, a load goes onto an LCM at night. 
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PL-213-3 Any sort of collapsing nightmare may be found aboard 
a ship. 

kv- 

- 330 - 

L- -. V- • 

, ^ . . . * , , . 

■_* ' • ■_» 

. \ ' • ' -/ • - . 

. .-.-.-V.- .V-V V-V 

•... 

i.--.'.• . J 

" ■ * »J* * * » * ■ 

. . -.- 
^ I. fc.JL.A—_ 

V1* •« .^ , 

« 

• .-.. ' » 

’ / V ' -■ 

•-..-. •-.. 

t •:■••: . •: 

I 

■^1 

. 

\::Ã 
0 V- v™t 

A" 

vV." v" •-* -J 
- •* ■ 
- • . " - - - ' 

. - •*. - - j 

^ . ' 1. ,.- p 

•'/•/-/•V/AaV 



L L ■ - ■ U ■ ' III. ,■ l_l.n_l.l_i.lili 1.11111.11,11.1.1 ll.jl I 
•/ ■>* 

I 

h>< 

PA-1C6-20 Jeeps waiting for ’Brass’ to arrive by L-5b. 
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APFENDH XXIV 

TOWER CHECK SYSTEM 

This appendix was designed to demonstrate the need and 

Importance of a complete sequence check system for evacua¬ 

tion and maintenance of the towers before a test* The ac¬ 

tual check sequence with the reasons and methods of each 

check were to be explained. The material is not in a pre¬ 

sentable form as of this date. 



APPKNDH XXV 

PERSONNEL ASSIGNMENTS 

Thie appendix was designed to show the stations of 

origin, the qualifications, and the Photo Tower assignments 

of the men utilized by the Photo Tower operation from its 

origin to its completion. The data for this is mostly in 

rough note form as of this date and is available from 

R. N. Davis, E, G & G., Inc., Boston. 
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PERSONNEL EVACUATION AND FILM DELIVER! 

This appendix was designed to show the personnel duty 

stations, times and positions of evacuation, film delivery 

and recovery schedules, and film diris inning for delivery 

and recovery, and to show the film packaging for delivery 

to the Z. I. Included was to have been notes as to why these 

schedules were established and to the degree of workability 

and success. 

The material for this is currently held in rough form by 

R. N. Davis of E, G & G, Inc., Boston. 
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APPENDIX XXVII 

LIGHT ANALISIS SYSTEM 

1. N>ed for Syetwn 

Good photographers carry a great deal of informtion 

In their heads, and so rarely need to have fontal «¡nations 

for setting light values. Where close technical control of 

results is desired and where the values are to be specified 

before a test - as for atomic weapon detonation - and the 

exact reason for each setting is to be known afterwards - 

it is orderly and convenient to have a standard equation. 

The following system was rapidly developed and was suffi¬ 

cient for the test. It may not represent the ideal. There 

was no time for research nor procurement and study of all 

existing computers, A circular disk type computer was con¬ 

structed to use these equations. This gave a convenient, 

rapid, reliable method of setting the light values and made 

rapid determinations of the limits -f coverage possible 

without guess work. 

2. The Equation 

See next page. 
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This «quation vao used for the analysis of the light inten¬ 

sity encountered: B*t*f*W*A*a « 1. 

B - Brilliance, candles/ft2 (Weston scale) 
t - Exposure tine, seconds (See below for Fastax and 

Movie conversions) 
f - Belative exposure ratio (Chart 1, below) 
W - Weston filn speed (Chart II, below) 
i - Relative attenuation for (Chart III, below) 

filter 
a - Attenuation due to air (Chart IF, below) 

Chart I 
Relative Expo¬ 
sure Ratio 

Î 
1 

1.4 
2 
2.8 
4 
5.6 
8— 

11 
16 
22 
32 
45 
64 

f 
64 
32 
16 
8 
4 
2 

-1— 

1/2 
1/A 
i/e 
iA6 
1/32 
1/64 

Chart II 
Filn Speed 

Class L ICON 2 
—A—¡5CW——1— 

24W 1/2 
M 8W 1/6 

Chart III 
Filter Atten. 

ND 
-0-. 
0.1 
0.3 
1.0 
1.5 
2.0 
3.0 
4*0 
29F 

A 
Ratio 

-1— 

A/5 
1/2 
1/10 
1/30 
1/100 

1/1000 

1/10,000 
l/io (for A 

bomb) 

Chart ÏV 
Air Atten. 
K = atmos. ebsorp. 

cons tant/naut .mi. 
n = naut. mi. 
a * Kn 
where K - 0.80 

n 
•0- 
1 
2 
3 
4 
5 
5 
6 
6 
7 

a 
-1.00— 
0.80 
0.64 
0.51 
0.41 

0.26 
1/4 
1/5 

The above equation as given is for ideal exposure. Its value 

may go as high as 8 for upper limit, as low as 1/16 for a 

lower linit for black and white; as high as 2 and as low as 

l/2 for color. 
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Th« light transaisBion «aed for Fastajc oaatras le l/é that 

Thioh the fraMS per second would indicat« (at 1,CXX) fps, 

t is 1/6,000). 

Th« «xposur« tlM for boyí? cañeras Is computad as l/fpe 

tines the shutter opening in degrees ovar 36O degrees. 

The Sun's brilliance is used as 160,000 candles/ea2 or 

1.5 X 10® candles/ft2. 
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APPENDIX XXVIII 

FILM FIELD LOG 

1. Need for Film Field Log 

The need for a log has been explained in the body of 

the report under Field Handling of Fila beginning on Page 

48. 

2. Captain Harvey^ Description 

In establishing a Film Field Issue Leg it *&s first 

necessary to determine the total quantities of each film 

type that was planned to be shipped. Arranging the film 

types into alphabetical order was next. After this had 

been done it was planned to make a maximum of twelve en¬ 

tries per page, using only the right hand or odd numbered 

pages, the reason for this being that when making a gold 

many entries at one time and where time is a factor, it 

shows you up considerably when making entries at the bottom 

of the pages, especially in a book of this thickness. A 

couple of pages were left blank at the end of each film 

type section to allow for overflow, etc. As devit invoices 

were received it was an easy matter to extract the informa¬ 

tion and post it to the Issue Log. 

Prior to issue of film for test, the film load was broken 
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out and film cans and boxes marked with the tower number, 

camera position, etc., (the mark). After the film had been 

obligated to a specific camera position, it was punched and 

an entry made in the log opposite the film serial number 

showing what camera position that particular roll was obli¬ 

gated to as well as the test such as QX, X, QÏ, etc. After 

the entry in the log had been made tHe film serial was en¬ 

tered on the appropriate caption sheet. 

In advance of each test, invoices were prepared for ship¬ 

ment of the film to the proper agency for processing. Wham 

the invoice was signed as receipted, then it was posted to 

the Issue Log, the invoice itself going to the credit file. 

I do not say that this system is infallible nor do I mean 

that it is the best in the world, for after all any system 

can be made to work if there is dogmatic attention and per¬ 

severance. 

Recommendations : 

1, That field Issue Logs be printed so as to have 

a proper space for entering the camera posi¬ 

tion and test designation. This problem ex¬ 

ists not only in the bower, but also in the 

Air Unit. 

2. That if at all possible in advance of print¬ 

ing and binding, a composite layout be made 

for both towers and air unit Issue Logs con¬ 

sistent with the film amounts and types that 

they are going to use. 
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3, That pages be printed in the upper right hand 

corner with the film type such as ALB, etc, 

4. That, if at all possible after printing and 

before cutting the paper, a tab be left on the 

end of each sheet so that when the log is as¬ 

sembled a way of indexing exists. Either this 

can be done, or a box of tabs can be furnished 

with each blank log book. 

f 

i 

i 
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APPENDIX XXIX 

TINE CONTROL SYSTEM 

This appendix was originally designad to suggest cer¬ 

tain details of the system outline In the body of the re¬ 

port under The Staple Tower on Page 108. The principle of 

simplified field test control equipment has been accepted 

by both J-Divislom and E, Q & Q, Inc. Problems relating 

to simplified control are currently being considered by 

E, G & Q, Ino.f Boston. 
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APPENDIX m 

RADIO AND RADAR CONTROLS 

This appendix was originally designed to point out the 

details of a study of the preliminary considerations of sys¬ 

tems based upon the principles discussed in The Time Control 

Unit on Page 111. These principles have since been reviewed 

by J-Division and questions as to their applicability have 

arisen. E, G & G, Inc., will probably make further studies 

of these or similar types of control if the concept of smal¬ 

ler more dispersed recording sites is adopted. 


