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Ship -- Little Pioneer on a Big Frontier

“S_—
get the best resultsif the ships are not only specially outfitted, but also
specially designed. An idea of how important the research ship is to
satisfactory progress in oceanography can be gotten by considering
some of the equipment and techniques the oceanographer uses while he
is at sea.
THE OCEAN ITSELF
The two qualities of sea water the oceanographer is perhaps most
anxious to measure are temperature and salinity, By knowing what
. these are at various depths, he can chart the flow of sea water, an un-
o derstanding of which is basic to many of his investigations.
One of the primary ways he goes about obtaining such information
is to lower thermometers and other instruments into the sea on a thin
wire, then to retrieve them and log and analyze their readings. A
classic rig used for this purpose consists of strings of Nansen bottles
(or other bottles that serve the same function) (Figure 1). Each bottle
collects a sample of water when a brass messenger sliding down the
wire strikes it, causing it to turn over. Two thermometers attached to
each bottle turn over at the same time. The point of separation of the
column of mercury in one thermometer indicates the temperature at
that depth, and the difference between the reading obtained from this
thermometer and that obtained from the other thermometer, which is
allowed to be affected by the water pressure, indicates, within a few
~ meters, what that depth is. By means of this technique, the water
temperature can be accurately
determined to 0.01° C, and the
salinity of the water sample
R h collected to 0.02 parts per
esearc thousand (by ordinary titration
methods) and to 0.01 parts per
began to realize the importance of thousand (by a new resistance
more gietai.led knowledge of tbe life bridge).
z:zt.iltmns of organisms in the Other determinations that
are made of sea water are of
These preliminary trips for the amount of dissolved oxygen,
scientific marine investigation the amount of phosphate, nitrate,
were folllowed by 0}?3 of the dg'l;?at- silica, and the less common
est purely scientific expeditions ions, and of the pH (Figu.re 2).
N FIMS Eﬁﬁiiﬁ‘gg? arorags® t;:: Because of limitations of ship
world. Lasting from December size and laboratory space pro-=
1872 to May 1876, the expedition Vided’ and because of the diffi-
gave the first wide view of the culty of analysis caused by ship
physical and biological conditions motion and vibration, full anal-
;’fthz %CeanGaS a whole. tit X?IS f:!' yses of water samples are not
owed by a German sou antic ordinarily made at sea. Chem-
expedition in SMS GAZELLE, an .
Arflerican north Pacific cruise in ists u.sua11y. go.to sea only 'fqr
USS TUSCARORA, and in more re- the investigation of specific
cent years by many expeditions sent chemical or biological
out by almost all nations. problems.
"y
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Information concerning the depth and character of the ocean bot-
tom is becoming of increasing importance to the oceanographer. Con-
ventional echo sounders have failed to give the precision required, so
new recorders have been invented. Most of the new instruments are
used with standard transducers that have enough power at the proper
frequency to emit a signal that will reach the bottom and return as an
echo to the recorders. The recorders are driven by generators and
motors that can be precisely controlled. Although their electrical and
electronic makeup may differ from model to model, all are able to
"look'" at the water column under investigation and to observe fine de-
tails at very great depths. The results obtained from these recorders
have been so excellent that it is inconceivable any modern oceanographic
ship will be without them in the future.

One of the problems of precision echo sounding is that of
"quenching''—that is, whenever the transducer enters air entrained by
the hull or aerated water as from a breaking sea, the sound is blanked
out, either in transmission or reception. Another complication is that
the roll and pitch of the ship swing the transducer axis from the verti-
cal, thereby complicating the records. To avoid these effects, some
oceanographic ships have lowered their transducers on articulated
cables made of modified automobile drive shafts and universal joints.
These transducers are towed from the sides of the ships at speed as
great as 10 knots and at depths of more than 60 feet.

The sea surface itself is another important subject being inves-
tigated. Only recently has a serious attempt been made to develop
methods of describing the sea surface mathematically. One of the most
interesting of these consists of taking an aerial stereophotograph of a
sea surface across which a ship is towing an accurately measured line.
A recent experiment of thiskind was made using a ship which measured
the surface by means of calibrated wave staffs and shipboard acceler-
ometers (which measure the surface in terms of the ship's motion) at
the same time the aerial stereophotographs were being taken of the ship
and the surrounding sea. By comparing the several methods of meas-
uring waves used in this experiment a good estimate of the accuracy of
each was made.

In order to speedthe collection of data, instrument buoys, capable
either of storing the data they obtain or telemetering it to the ship, are
being developed. The variety of such buoys is legion. They may be
tiny, transistorized units weighing less than 15 pounds, or cumbersome
battery-filled giants displacing several tons. One type now in use can
be anchored to the bottom and made to float at mid-depths. It is re-
trieved by exploding a small charge within a mile of its location. An
acoustic trigger releases it and allows it to rise to the surface, where
it transmits radio signals that reveal its location and thus facilitate its
recovery.

LIFE IN THE OCEAN

The smallest members of the sea's animal and plant kingdom are
free-floating or very feebly swimming bodies known as plankton (zoo-
plankton if animal, and phytoplankton if plant). The early biologists did
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much to study and classify the various species, so today not too many
important new ones are to be found. To be sure, it would be a rare ex-
pedition that could identify no new species in its nets, but few of these
would have much ecological significance in the economy of the oceans.

What has not been done to any great extent, and what is now of
considerable importance, is the quantitative determination of the role
of the more important groups of plankton in all the waters of the world,
by area and by season. To carry out an investigation of such scope,
many lengthy voyages would have to be made. On each voyage progress
would be slow because of the cumbersome equipment, such as large
closing nets, required to collect the samples. It is possible that this
equipment will eventually be replaced by more efficient types, but it is
unlikely that it will be done soon.

For the collection of nekton—large swimming animals—several
different techniques are used. Among the newer devices employed is
the midwater trawl, developed at the Scripps Institution of Oceanography.
This instrument is in essence a large net that is towed at great depth
and at a speed great enough to capture and hold the fish. One such net
has been used at depths as great as 12,000 feet, and has been towed at
speeds greater than 6 knots. To improve nekton-sampling techniques
it will be necessary to develop heavier gear that can be towed at higher
speeds than are now possible and to develop better control devices. Re-
cent expeditions have discovered large numbers of animals living at
great depth in the open ocean, in the so-called deep-scattering layer.
Inevitably, techniques will be developed by means of which this popula-
tion can be sampled.

Oceanographic cruises are as a rule long and arduous. Because
of the great expense of operating the ship, the utmost must be made of
working time. Many of the specimens obtained at sea must therefore
be stored for further detailed study ashore. Much storage space is
needed, both for quick-frozen samples and for those preserved by
chemicals. Unfortunately, some samples can't be satisfactorily stored
and must be worked on at once. For example, it is important to the
success of some techniques that the effects of capture, such as bleach-
ing and chemical contamination, of the specimens be minimized. In
order to make accurate analyses of these specimens, the ship must be
unusually steady and as free of vibrations as possible. The Russian ship
WITJAS, whichdisplaces more than 5,000 tons, provides such a platform.
It is not surprising, therefore, that much of the work done by this ship
has been for the biological branch of the science.

THE OCEAN BOTTOM

The marine geologist uses some of the most cumbersome equip-
ment that has been designed for oceanographic research. One of his
tools is the coring tube, which may be 100 feet long and weigh more
than 2 tons. The type now mostused for deep-sea bottom sampling con-
sists of a very long steel tube several inches in diameter, a cutting
edge, a ""core-catcher" (located at the cutting edge), an inner piston,
a pilot weight, and a release device. The entire apparatus is lowered
to the ocean bottom by means of a heavy steel cable. (See Figure 3.)
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Blueprint for a New Research Ship

Oceanographic research is nowbeing carriedout in a greatvariety
of ships and craft, from small power boats, such as the 28-foot LYDIA
LOUISE of the Chesapeake Bay Institute of The Johns Hopkins University
to the new Russian hydrographic ship WITJAS, which displaces about
5,500 tons. Some of these ships are fitted only for specialized phases
of fisheries research while others have the laboratories and equipment
to conduct research in most if not all fields of oceanography. With the
exception of the ATLANTIS, which was designed specifically as an
oceanographic research ship, the ships and craft of the laboratories in
this country have been converted from other types. For example, the
fleet of the Scripps Institute of Oceanography includes an ex-seagoing
tug, an ex-minesweeper, and an ex-purse seiner; and that of the Woods
Hole Oceanographic Institution includes a recently converted Coast
Guard cutter. In contrast, a considerable number of foreign ships have
been designed specifically for research.

A start toward correcting this deficiency in the United States was
made several years ago when the Office of Naval Research contracted
with the Woods Hole Oceanographic Institution for a study of modern
oceanographic ships. The Institution, in turn, enlisted the aid of sev-
eral naval architects, including the firm of M. Rosenblatt and Son.
Shortly after the report on the results of this study became available in
1953, ONR sponsored a conference on oceanographic research ships in

The Proposed Characteristics

HULL: 800-1,000 tons full-load
displacement; form to give opti-
mum sea-keeping qualities for
size. Roll stabilization to 5 de-
grees in a '"'state 6' sea. Mathe-
matical lines to permit theoreti-
cal analysis of ship's behavior in
waves. Welded-steel construction
to ABS and Coast Guard rules.

PROPULSION: Single screw, 25
percent more power than that re-
quired for cruising speed. Con-
tinuous control of power between
full speed and speed of 1/2 knot.

CRUISING RADIUS: 15,000 miles
at 12 knots.

ENDURANCE: Stores and provi-
sions for 45 days. Frozen food
for 30 days.

CONTROL: Maneuverability
equivalent to that of tugs. Means
of creating a force at the bow to
maintain any heading at low speeds
and in winds having velocities as
great as 25 knots,

HULL EQUIPMENT: Two 10-ton
booms, each to plum load 8 feet
over the side. '""A frame'' capable
of supporting 50,000 pounds over
stern. Deep-sea winch. One 10-
ton 36-foot boat to be stowed on
0l level to port. One 12-foot and
one 15-foot skiff to be stowed on
starboard side.

ARRANGEMENTS: Staterooms -
Two- and three-man staterooms
for crew and scientific party of
35. To be conditioned for the
tropics or the arctic. Weather

decks - Clear working area from

stern 40 feet forward. Clear deck
space on starboard side 8 feet in
from railfrom stern 100 feet for-
ward. Forecastle deck atlevel of
deck house topto be kept as clear
as possible for scientific work.
Anchor-handling gear well for-
ward. Laboratories - Main-deck
laboratoryto occupy 1,200 square
feet. Drafting, library, and study
space to occupy 200 square feet.
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Washington. This conference brought together the several groups in
the United States interested in the improvement of oceanographic re-
search by means of providing specially designed ships for research.

As a result of the Washington conference, ONR appointed a steer-
ing committee for the design of the new ship. RADM C. D. Wheelock,
USN (Retired), of the Scripps Institution of Oceanography, a member of
the committee, in agreement with the other members, proposed a list

of characteristics the ship should have (see insert).

To determine whether or not these characteristics were feasible,
the Bureau of Ships made a preliminary ship-design study. Charac-
teristics of the design evolved by this study are as follows:

Length, overall

between perpendiculars
Beam, designer's waterline
Draft (mean), full load
Displacement, full load

light
Power available for propulsion
Speed, service
Endurance at 12 knots
Accommodations, ship's crew

scientific personnel

Combined ship's chart room and
scientific instrument and chart
room to occupy 160 square feet
adjacenttobridge. Weather office
to occupy about 100 square feet
on 01 level. Special stowages -
Facilities for stowage of 20 tons
of explosives and designedto meet
Coast Guard regulations. One
hold space to have humidity con-
trol. Reefer space for scientific
specimens.

MACHINERY: Storage-battery
capacity for scientific purposes
while ship is dead quiet, 100 kilo-
watt hours at 110 volts. Machin-
ery plant to be designed to mini-
mize and isolate noise to a degree
sufficient to permit acoustic in-
vestigations to be made while ship
is underway.

MISCELLANEOUS: A 6- by 10-
foot well through the ship at region
of minimum pitch and roll to facil-
itate handling of scientific gear.

181 feet
170 feet
33 feet
14 feet, 9 inches
1,000 tons
600 tons
1,000 shaft horsepower
13 knots
15,000 miles
6 officers
11 men
5 scientists
3 laboratory technicians
9 students

SHAPING THE HULL

Because of the emphasis
placed on sea-kindliness by the
steering committee, and the limi-
tations placed on size, the Bureau
of Ships' designers first gave their
attention to the shape of the hull.
A few very radical forms were
considered (a spar buoy being the
extreme), but the realization that
the shiphadto provide large work-
ing areas, be very maneuverable,
be capable of operating in and out
of remote harbors, and be a com-
fortable seagoing craft, soon
brought the designers down to
earth. Thus they began giving more
serious consideration to the ships
which probably have benefited from
a longer period of evolution than
any others—fishing trawlers and
seagoing tugs.

Using these ships as models,
the designers found that the upper
limit of 1,000 tons displacement
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refitting between expeditions.

To provide room for the trailers, the

weather office was eliminated, the assumption being that meteorological
equipment could share the spaces allotted for other scientific instruments.

The amounts of ship's space allotted for specific purposes and the
preliminary weight estimate are indicated in the following tabulations:

SPACE ALLOTTED

Quarters (square feet per man)

Master and chief scientist. . . . .................... 58
Officersand scientists. . . . . ... ..t i i it 24
CPO and laboratory technicians. . .. ................ 14
L0 4T . 13
Mess (common), to accommodate
65 percent of crewatonesitting . ................ 15
Facilities (square feet)
Pilothouse. . . . . .. it ittt ittt ettt ittt et oo 90
Chartroom ............. e e e et e e e 156
Radioand radar room . . . . ... ¢ oo v v v oo eoooasossas 150
"Wet" laboratory. . . . ...t it i i i i it e i e e e 338
"Dry" laboratory. . . .. v i i e e i i e i e e e 348
Library and drawing office . . . . .......... et s e e 240
Storage (cubic feet)
Refrigerated stores. . . . . . v v v ittt ittt ittt e 320
Dry provisions, general stores,
and medical and ship service stores. . ... ... .. .. ... 780

WEIGHT ESTIMATE (tons)

Hull. . ... ...ttt tioneenas 320
Hull fittings. . ........ 99
Machinery,dry. . . . . . .t v v e i e e e 84
Equipment and outfit. . . ........... 31
Margin. ...... ¢ttt v ennenns 50

Total light ship ... .... .00t 584
Machinery liquids ........c0 000 10
Complement ......... e et e s e 4
170 of 1 18
Potablewater . ................. 15
Fuel . ...ttt it enneenonnnns 240
Scientificgear. . ... ... .00 . 129

Fullload .......¢cc0 it enn 1,000

Google
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OBTAINING STABILITY

Estimates of the ship's stability indicate that it is lower than is
normally desired at this stage of design. Thus improvements com-
patible with the needs of the stabilization system chosen will have to
be made. A small increase in beam and in the amount of low fixed bal-
last is suggested as a solution to the problem.

The requirement for stabilization—not more than a 5 degree roll
in a ''state 6" sea!—posed a particularly interesting problem. Inas-
much as stabilization had to be achieved with little or no way on, such
provendevices asfin stabilizers were ruledout. Gyroscopic stabilizers
were ruled out also, because of their weight, space, and power require-
ments. The most serious consideration was given to tuned heeling tanks.
The unit recommended consists of a pair of active tanks and a pair of
passive tanks. The passive tanks, by themselves, will limit roll to 5
degrees in a ''state 4" sea, and the active and passive tanks, used to-
gether, will limit roll to 5 degrees in a "'state 6" sea.

The unusually fine lines of the hull prompted doubt among some
naval architects as to the ship's sea-keeping qualities. To determine
what these qualities actually were, model tests were conducted in large
waves at the David Taylor Model Basin, Although the model's pitching
and heaving were severe, such behavior is characteristic of all small
ships and can't be avoided. Throughout the tests in head seas (that is,
in waves moving against the direction of the ship's course) the bow was
dry except for an occasional bit of splashing, and the stern shipped wa-
ter only in the steepest waves. The model rode easily and was dry in
following seas (that is, in waves moving in the direction of the ship's
course) at speeds of 6 and 12 knots. When lying to, she took water at
the stern in seas having steep waves.

The Model Basin reported that 'within the limitations of the tests
conducted, the model....rode easily, was reasonably dry, and showed
motions whxch were on the average somewhat less than those observed
on models of other types of vessels."

PROVIDING POWER

The Bureau of Ships' estimates indicate that a 1,000 shaft-
horsepower plant will provide the desired power—25 percent more than
that required to attain a cruising speed of 12 knots. This power is suf-
ficient to achieve a trial speed (speed attained over a trial course by
ship having a clean bottom) of about 13.8 knots and a sustained maximum
speed of about 13 knots. A diesel electric DC propulsion plant was
chosen to provide the specified speed control. Two 420-kilowatt diesel
generators will supply the main propulsion motor. To provide the re-
quired bow force for control of the ship's heading at low speeds, a 250-
horsepower waterjet pump was selected. This unit will also supply main
propulsion power between speeds of 1/2 knot and about 5-1/2 knots.

IDefined by the U. S. Navy Hydrographic Office as having waves 12-20
feet in height, crest to trough.
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Above a speed of 5-1/2 knots, control will be achieved by a combination
of diesel engine control and generator voltage control. Thus very fine
control will be possible over a wide range of speeds for prolonged
periods, and little carbon fouling of the diesel engines will occur when
the ship is operating at low speeds.

For quiet operation, a bank of 30 two-cell high-capacity batteries
will be used. They will have a capacity of 41 kilowatts for a period of 3
hours or 16 kilowatts for a period of 10 hours at an average potential of
114 volts.

To isolate the noise made by machinery components, the following
measures will be employed:

eResilient mounting of individual machinery units, or the subbases
for groups of units which must be rigidly alined.

¢ Flexible pipe connections for pipesleadingto and from resiliently
mounted equipment.

* Rubber-lined pipe hangars for pipes leading to and from resiliently
mounted equipment.

* Flexible braided ground straps for rotating electric equipment.

¢ The acoustical treatment of ventilation fans and ducts.

The present design of the research ship is a preliminary one in-
tended to evaluate the broad concept of the characteristics set forth by
the steering committee. Before the design is completed, further studies
will have to be made of the hull structure, compartmentation, damage
stability, and compliance of the space arrangements with Coast Guard
requirements for certification.

The ship is expected to provide enough space to house personnel
and equipment for several fields of scientific investigation, yet to be
modest, thereby limiting building, maintenance, and operating costs.
Considering the promise the ship holds out through the furtherance of
oceanographic research—that of enhancing our economy and contributing
to our national defense—it would be a welcome addition to our research
fleet.

ONR Looks Back on a Decade of Research

An excellent opportunity for Navy scientists to review the work of
their colleagues in Navy laboratories will occur on March 26 and 27,
1957, when the Office of Naval Research holds a symposium entitled "A
Decade of Basic and Applied Science in the Navy.'" The symposium will
be held as part of ONR's Decennial Year.

Scientific personnel from all Navy laboratories will participate.
Papers to be presented will deal both with research which has had sig-
nificant application.in the Naval establishment and with that which has
contributed to basic science. Invitations to the symposium will be sent
to scientists and other interested personnel of the military services and
other government research groups and to selected members of the
scientific press.
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Preventing Injuries Caused by

Toxic Chemicals
Keith H. Jacobson

Directorate of Medical Research
Chemical Warfare Laboratories
Army Chemical Center, Maryland

A seasoned pilot flying a jet plane at high altitude would appear to
be safe, provided his plane is functioning as it should, he has fuel to
carry him to his destination, and the weather is favorable. But danger
often lurks in unexpected places. If the cabin of the plane is one of
those that is pressurized by bleeding high-pressure air from the en-
gine, the pilot could be in for trouble. Toxic vapors, formed by pyroly-
sis (high-temperature conversion or breakdown) of small amounts of
lubricant used in the engine, may be drawn into the cabin. If they are,
the pilot will be forced to breathe them and, as a result, may be disabled.

Problems such as this one arise frequently where men must han-
dle, breathe the vapors of, or otherwise come in close contact with syn~
thetic chemicals. The problems can't be avoided because progress in
modern military and industrial technology is dependent upon the mate-
rials the chemicals comprise. But steps can be taken to protect the men
who must work closely withthem. Toward this end the Navy, Army, and
Air Force are now jointly sponsoring investigations at the Army Chemi-
cal Center, Maryland, in the field of industrial toxicology —the study of
the nature of injuries arising from the exposure of personnel to toxic
chemicals.

For many years investigations of environmental toxicology were
carried out largely by scientists in industry, and thus the name "indus-
trial toxicology' was given to this field. In recent years, however, the
scope of these investigations has broadened, owing in part to the en-
trance of the Navy and the other services into the field. These groups
are interested not only in the toxic effects of the chemicals that make
up such industrial materials as solvents, cleaners, lubricants, and
pesticides, but also in the effects of those that constitute guided and
ballistic missile propellants, jet fuels, fire extinguishants, explosives,
and other new substances that contribute to our military preparedness.

As a first step in finding out the effects toxic chemicals have on
humans, the industrial toxicologist studies the effects of the chemicals
on laboratory animals. He studies not only toxic signs and symptoms,
but also biochemical, physiological, pharmacological, and pathological
effects. From the information gathered he is frequently able to make
useful estimates of the effects of these chemicals in man and of the
amounts which, when present in the air or on the skin or in the eyes, a
human can or cannot safely be exposed to. Knowledge of these effects
and the levels at which they occur helps the physician to detect occupa-
tional illnesses in their early stages, to determine their nature and
severity, and to prescribe appropriate treatment.
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A convenient means of quantitatively expressing the amounts of a
specific chemical that are unsafe is in terms of the amount (dose) or
concentration that will kill 50 percent of the species of experimental
animals exposed to it under defined conditions of single exposure. This
amount is called the median lethal dose (LD50)or median lethal concen-
tration (LC50). The usual method of quantitative expression of the toxi-
city of the material on repeated exposures is the maximum acceptable
concentration (MAC). This is defined as the concentration to which
humans can be exposed for as many as 8 hours a day, 5 days a week,
indefinitely, without experiencing adverse effects.

Much of the value of LC50 and LD50 data comes from their use in
conjunction with experience. Consider, for example, a worker who is
experienced in handling hydrazine and who is called on to handle di-
methylhydrazine, about which he knows very little. If he is told by the
toxicologist that dimethylhydrazine vapors are twice as toxic to several
species of laboratory animals as t¢hose of hydrazine, he can reasonably
expect that under similar exposure conditions the same 2-to-1ratio will
hold true for humans. Thus, the precautions to be used with dimethyl-
hydrazine will have to be such that only half the concentration found to
be safe in the case of hydrazine can be permitted in the case of
dimethylhydrazine.

Many of the toxicological investigations that are made at the Army
Chemical Center are of individual chemicals, others are of mixtures,
and still others are of the toxic hazards of particular operations. The
results of some studies of a few of the chemical compounds of interest
to the Navy are given in the following table.

Median Lethal Concentration and Maximum Acceptable Concentration
of Certain Compounds

Quantities are given in parts per million, or volumes of toxic vapor per million
volumes of air. The LC50 values given are for rats subjected to one 4-hour exposure
to each compound. The MAC values given, for humans, are those reported by the
American Conference of Governmental Industrial Hygienists.

Compound LC50 MAC
Acetone . .. .. .. i it e e e e S 40,000 1,000
Carbon tetrachloride. . . .. .. .. ... ....... ca 4,000 25
Carbonmonoxide . . . .. .. ........... ...  ==--- 100
Chlorine. . . . . . .. . . i ittt ittt =mm=- 1
Ethyleneoxide. . . ... ... ... ... 1,460 100
Aniline. . ... ... e 600
Red fuming nitric acid (as nitrogen dioxide) . .. 67
Hydrazine. . ... . .. .. ¢ it vt i i v i aueas 570 1
Unsymmetrical dimethylhydrazine. . . ... .. .. 252 -----
Methylhydrazine. . . . . ... .. .. ... ... .. 74 -----
Diborane. . . . . . . .. i it i e e e e 40 0.1
Pentaborane .. ...................... 6 -
GaSOliNe. o v vt ot e e e e e 500
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LAST MONTH WITH “"VANGUARD”

*Edward R. Murrow visited NRL, taking numerous shots for Part
I of a "See It Now" TV program entitled "Revolution in the Navy''—how
the Navy is keeping in step with the age of atoms and guided missiles.
Part I will deal with Vanguard. The show originates in New York City,
from 5:00 to 6:00 p.m. on Sundays—tentatively, this one will appear 6
January.

*The satellite will be tracked, as mentioned in the November
"Research Reviews," from ten MINITRACK radio tracking stations.
Seven of the stations will be built and operated by the Army, two by the
Navy, and one will be the joint responsibility of the Navy and Air Force.
The Navy will supply the components for the MINITRACK system, in-
cluding the training of the operating crews.

e Construction of Army tracking stations is planned for the follow-
ing sites, roughly along the 75th meridian:

Fort Stewart, Georgia (approx. 38.4° N. Lat.)

Batista Field, Havana, Cuba (approx. 32° N. Lat.)

Mt. Cotopaxi, Quito, Ecuador (approx. 0.6° S. Lat.)

Ancon, Lima, Peru (approx. 11.8" S. Lat.)

Antofagasta, Chile (approx. 23.5° S. Lat.)

Peldehue Military Reservation, Santiago, Chile (approx. 33.5° S.
Lat.)

An additional Army tracking site will be selected.

Tracking stations to be built and operated by the Navy are those
planned for locations at:

Blossom Point, Maryland (approx. 38.4° N. Lat. and about 40
miles south of Washington, D. C.)
Navy Electronics Laboratory, San Diego, California

The station for which the Navy and Air Force have been assigned
joint responsibility will be located at Coolidge Field, Antigua Island,
British West Indies (approx. 17.1° N. Lat.)

*The MINITRACK system of tracking, unlike conventional systems
of observing or determining astronomic data, utilizes radio methods to
measure positions. This system, developed by the Naval Research Lab-
oratory, will provide for the acquisition of the satellite as well as its
continued tracking. Antennas used with this equipment will cover sev-
eral acres, and must be precisely located in accordance with the arc
measurements of the Inter-American Geodetic Survey).

*Radio equipment built into the satellite will transmit signals to
be picked up onthe radio receiving equipment at the Army tracking sta-
tions. This information will be immediately transmitted to the Army
Communication Center in Washington. Under the present plans the in-
formation will be transmitted to the Vanguard Communication Control
Center at the Naval Research Laboratory from which it is fed to the
Vanguard digital computer facility also located in Washington, D. C.
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