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COVER PHOTO: Located on this scenic point in
California is one of three stations making up the North-
east Pacific Sofar Network, This station, with one at
Point Arena, California, and another at Kaneohe on
the island of Oahu, forms part of a vastair-searescue
system. Basedon the existence of anundersea "sound
channel, ' the system will furnish information on the
location of ships in distress at sea, For more about
it, see "Sofar in the Pacific'' on pages 15 to 22,

Research Reviews endeavors to report briefly highlights of technical
progress in research by Navy laboratories and contractors and the de-
velopment of important naval research facilities. Articles which meet
these broad criteria and possess a good degree of readability are wel-
comed. Manuscripts and changes of address should be sent to Code 250,
Office of Naval Research, Washington, D. C.
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The Evaluation of Tropical Timbers A.F. Muschier

Aneed for supplementing diminishing supplies of high-
grade woods, together with a demand for new woods
with special characteristics, has encouraged the ex-
ploitation of tropical timbers. As afirst step in effi-
cient utilization of these timbers, scientists have
identified a number of them and are studying their
mechanical and physical properties.

The Navy’s Contributions to

Radio Communications RADM W. B. Ammon, USN

Since 1899, when Marconi tested his wireless equip-
mentaboardthree U, S, ships, the Navyhas hada hand
in communications. In fact, control of wireless tele-
graphy was vested in the Navy Department in 1904.
Since its establishment, the Naval Research Labora-
tory has played a leading role both in radio communica-
tions and in radar which, in the early days, was
considered a means of communication.

Who’s Who in Naval Research

The new Director of the Naval Sciences Division,
Captain Eugene Tatom, brings to his new duty long
practical experience as well as a background in re-
search and development.

14

Sofar in the Pacific M. J. Sheehy

The existence of a ''sound channel" in the ocean has
made possible the development of a system of locating
and rescuing anyone in distress at sea. If a TNT
bomb is dropped into this sound channel, the noise of
explosion can be picked up many miles awayby equip-
ment at the Sofar station.

15

Brain Surgery by Sound W.J. Fry

Scientists are studying a new kind of brain surgery
which uses a focused beam of inaudible sound to per-
form extremely delicate operations. This approach
offers new possibilities for bringing within the scope
of medical therapy a wide variety of pathological con-
ditions which cannot now be treated successfully.

On the Naval Research Reserve

A Psychological Warfare Course is being arranged by
NRRC 11-4, San Pedro, California. .. Special Devices
Seminar announced...Reservist tells about duty on
Mt. Washington testing cold-weather clothing.
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The Evaluation of Tropical Timbers

Arthur F. Muschler

...is coordinator and supervisor of re-
search on tropical woods for the Navy at
the Yale University School of Forestry.

An increasing scarcity of suitable domestic timbers, particularly
of so-called specialty woods, has in recent years centered considerable
interest on the resources of the tropics. While European countries with
colonial interests have for some time been concerned with the utiliza-
tion of timber found in tropical areas, the vast resources of Central and
South America have remained virtually untapped.

The tropical forest presents many obstacles to intelligent exploita -
tion. Not the least of these is the extreme diversity of the forest cover
and the factthat one species may be scattered far and wide. Within the
limits of our own country are found some one thousand tree species (of
which only ninetyare considered commercially important). On the other
hand, botanists estimate that there are more than 10, 000 kinds of treesin
the tropical forests of the Western Hemisphere. Hundreds of species
are generally scattered throughout a given forest area, an individual
species, or group of species, seldom comprising more than a small per-
centage of the total timber volume. Thus it results that highly valued
timbers are being hunted down as individual trees and logged until the
supply is exhausted.

Efficient utilization of the resource requires, first, identification
of the many species involved and, second, an understanding of the charac-
teristics of these timbers. It has been suggested that, during extensive
logging operations, species be grouped accordingto a use classification.
However, until the individual species have been evaluated, sucha segre-
gation could only be based on density, a rather superficial criterion.
Whatever methods may be devised for the rational harvesting of the tropi-
cal timber crop, they will certainly have to await extensive laboratory
studies of mechanical and physical properties of the species involved.
Extensive investigations of domestic timbers have provided the ground-
work for an evaluation of potential substitutes from among the tropical
species.

The Navy Department is concerned with the increasingly limited
supply of high-grade timber of the traditional species. White oak, because
of its outstanding strength andbending properties, is valuedas a framing
wood. Teak, a tropical species from Asia, is seemingly unexcelled as
a decking wood because of its low shrinkage, durability, and superior
weathering qualities. Critical shortages are nowbeing facedin the case
of both species. In addition, interest centers onfinding highly durable,
insect-resistant woods for tropical construction, as well as timbers
showing resistance to marine borer attack for use as piping material.
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PHYSICAL AND MECHANICAL PROPERTIES OF TROPICAL WOODS COMPARED WITH WHITE O AK

Specific _ g;::;‘:g Stiffness | Shock | .
Species Gravity Vol!memc (wodulus (modulus |Resistance Crushing
(green Shrinkage of (?f' (work to Swength
volume) rupture) elasticity) | max. load)
Bulletwood® 142 106 209 216 117 244
(Manilkara bidentata)® 179 194 193 156
Goncalo Alves® 140 63 146 155 58 185
(Astronium graveolens)' 109 125 70 139
Black Kakeralli® 136 91 214 233 115 218
(Eschweilera Sagotiana)* 154 183 165 151
Guayacan
(Tabebuia guayacan)* 136 85 232 188 198 244
(T abebuia heterotricha)* 164 148 165 157
Piquia® 120 82 150 145 73 177
(Caryocar villosum)' 112 121 107 113
Mylady* 118 91 170 200 77 187
(Aspidosperma cruentum)* 137 155 114 150
Courbaril* 118 80 156 147 126 163
(Hymenaea courbaril)* 128 121 119 128
(Hymenaea Davisii)* 112 94 150 166 73 156
' 127 165 130 126
Tatajuba* 113 65 175 184 98 222
(Bagassa guianensis) ' 132 145 97 155
Masa® 112 88 149 132 86 155
(Tetragastris balsamifera)’ 106 106 90 113
Nargusta® 107 80 146 161 105 155
(Terminalia amazonia)' 117 129 111 128
white Oak* 100 100 100 100 100 100
(Quercus alba)* 100 100 100 100
Angelique® 100 29 138 147 104 157
(Dicorynia paraensis) ' 114 123 103 118
Yellow Sanders* 98 61 121 117 76 144
(Buchenavia capitata) 85 93 55 100
Hububalli* 93 70 113 134 66 132
(Loxopterygium Sagotii) ' 90 98 72 100
Frijolillo* 93 48 9 96 79 110
(Pseudosamanea guachapele)’ 71 65 41 88
Teak (plantation-grown)*® 93 32 120 108 94 134
(Tectona grandis)' 88 78 70 91
Rajate Bien
(Vitex Cooperi)* 88 66 113 119 62 134
Flor Azul
(Vitex Kuylenii)* 85 88 61 94
Determa® 87 66 94 117 41 105
(Ocotea rubra) ! 69 102 43 78
Roble Blanco* 87 60 130 116 101 138
(Tabebuia pentaphylla)’ 91 90 85 999
Vaco* 83 71 103 135 56 101
(Magnolia sororum) * 94 111 73 106
Cedro Espino® 75 64 91 101 76 97
(Bombacopsis quinata)! 69 79 62 76
Laurel Blanco* 73 58 109 102 83 113
(Cordia alliodora) ' 80 85 66 85
Mahogany (plantation-grown)* 70 42 101 91 63 98
Swietenia macrophylla?® ' 68 65 51 76
Cedro Granadino® 68 65 91 105 61 95
(Cedrela Tonduzii)! 76 81 63 84
Primavera® 67 58 86 79 62 99
(Tabebuia Donnell-Smithii)* 63 58 43 75
* Green wood
* Air dry wood
_4-
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Ratios of Air-dry to Green Strength Properties
for Tropical and Domestic Hardwoods

Tropical Domestic
Property Woods Woods*
Static bending
Fiber stress at proportional limit 1.52 1.80
Modulus of rupture 1.44 1.59
Modulus of elasticity 1.16 1.31
Work to proportional limit 1.98 2.49
Work to maximum load 1.42 1.05
Compression parallel to grain
Fiber stress at proportional limit 1.58 1.74
Maximum crushing strength 1.63 1.95
Modulus of elasticity 1.13 -—--
Hardness
End 1.36 1.55
Side 1.17 1.33
Compression perpendicular to grain 1.51 1.84
Tension perpendicular to grain 0.86 1. 20
Shear 1.24 1.43
Cleavage 0.85 -——-

*Forest Products Laboratory, Madison, Wisconsin

It is obvious, however, from the table above that, except for one
value, the tropical species do not exhibit as greatan increase in strength
upon drying as do our native species. The result is thatthe superiority
of tropical woods inthe green condition is no longer so apparent following
drying. In fact, it appears that the strength-specific gravity relation-
shipsderived forair-dry domestic woods are reasonably valid for tropi-
cal woods. Data for modulus of rupture generally parallel such an
exponential curve whileaveraging slightly higher, perhaps 6 to 8 percent.

Only in work to maximum load, indicative of shock resistance, do
tropical woods showa greater strengthincrease upon drying. However,
the effect of drying appears only to raise this value to alevel more nearly
comparable to domestic woods since unseasoned tropical timbers are
generally relatively lowin shock resistance. Thisimprovementisappar-
ently related to the fact that stiffness and compressive strength of tropi-
calwoods are among the properties least affected by dryingin comparison
with increases shown by our native species.

Extreme examples of properties which do not show the expected
increase on drying are tensile strength across the grain and cleavage
resistance. Domestic woods are themselves characterized by rather
low ratios of air-dry to green strength in these properties, though an
increase upon drying still results. In the case of the tropical species,
however, these ratios are less than unity. The cause for this is not
clearly understood. The possibility cannot be disregarded that minute,
perhaps microscopic, checks develop even under mild conditions of air
drying and subsequent conditioning.

-5-
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The Navy’s Contributions to Radio
Communications

RADM William B. Ammon, USN

« .+ Director of Naval Communications, gave the following paper
before the Washington Chapter, Armed Forces Communica-
tions Association, November 12, 1952, in Washington, D, C,

Withregard to present and future developments, Naval Communica-
tions is always in some danger of acquiring the title ''Silent Service, "
properly claimed by our submarine personnel. The inherent security
aspects of our operations make this inevitable. However, as I look at
the recordof the last half century of radio communications, I find much
to whichthe Navy can openly point with pride. The Navy's contributions
have involved both independent development and cooperation with the radio
industry. A guiding principle which has been followed is that the United
States shouldbe self-sustaining with respect tothe industrial, technical,
and operational features of radio.

The Navy's first introduction to radio took place in 1899, when
Marconi tested some of his wireless equipment aboard the U.S. Ships
NEW YORK, MASSACHUSETTS, and PORTER. Asaresultofthese tests,
a trialinstallation of Marconi equipment was made in 1903. Its success
during these maneuvers furnished convincing proof thatthe new medium
of communications was here to stay. Six experimental shore stations
were built and a special wireless operators' school established at the
New York Navy Yard.

During tests of De Forest equipment between Washington and
Annapolis, Mr. De Forest happened to be at Annapolis when the then
Secretary of the Navy visited the Naval Academy. As the Secretary's
carriage enteredthe Academy grounds, the gun salute in his honor fright-
ened the horses. They ran away, heading straight for the river. The
Secretary decided to abandon ship justas the carriage made a sharpturn.
Catapulted out of the door, he skidded across a patch of ice and came to
restin a stunned condition. While others rushed tothe Secretary's aid,
Mr. De Forest rushed to the radio station and sent the first radio press
bulletin. This historic bulletin reached the Washington newspapers two
hours before the report via landline.

By 1904, the Navy had taken such an active partin the development
of the new field that President Theodore Roosevelt vested control of wire-
less telegraphy in the Navy Department. In half a year, the Navy had
18 shore stations and 33 ships equipped with wireless. In 1905, the Navy
first commenced the regular transmission of weather information and
time signals. Completion of the West Coast chain of Navy radio stations

144764 o(;l QO 8] c



was accomplished in 1906, and by 1907, radiotelephone had been intro-
duced into the Navy. Allbattleshipsand most cruisers were now equipped
with wireless, and so were 39 shore stations.

Some of the difficult conditions prevailing during our pioneer
days in radio are illustrated by the experiences of Colonel Robert B.
Woolverton, U.S. Army, retired, who servedas a Navy radio electrician
from 1904 to 1908. The equipment he found in use was a 25-cycle spark
transmitter anda coherer type receiver. Withthe assistance ofa fellow
operator named Guthrie, he improvised an electrolytic detector for the
receiver from a miniature light bulb and made a high-frequency inter-
rupter for the spark transmitter. A patent suit later established their
claim to the first use of high-frequency spark in radio communication.

The shock-proof specifications of modernNavy electronics equip-
ment must have had their origin in Woolverton's experiences in the USS
KENTUCKY. Guthrie and he volunteered to man the radio shack while
the 13-inch guns were being fired. As he described it: '""The big brass
lock onthe door was torn off, the after bulkheadbulged in, and the rivets
shot across the room like bullets. The concussion we felt was terrific.
We were both partially stunned, and everything in the room that was not
bolted down was adrift, includingthe operators! The acid was blown out
of the electrolytic detector cup, but this was anticipated. We had the
supply bottle handy and immediately refilled the cup, and except for a
pardonable half minute of 'stunned silence, ' the flagship was unaware of
any interruption to our communication. "

Muchof the repair work and development of new equipment in those
days was done by the operators themselves. The radio operator in the
USS ALABAMA is reportedto have used most of the glass from the pilot
house windows to repair his glass plate condensers. Woolverton tells
of increasing the power of his transmitter by rewinding the primary of
the spark coil, makinga new spark gap, and providinga bigger and better
condenser. Apparentlythe Navy had not issued any orders concerningthe
alteration of standard equipment.

Trans-Pacific communication was establishedin 1908 and the USS
CONNECTICUT, enroute from Hawaii to New Zealand, was able to ex-
change messages with Navy Radio Point Loma—a distance of 2900 miles.
Inthe same year, the Navy asked Congress to pass legislation regulating
radio. The following year saw the Navy launching out into higher fre-
quencies as the USS SALEM and BIRMINGHAM carried on tests during
their cruise acrossthe Atlantic. Portable equipment for landing parties
was tested in 1910 and further tests of radio were made aboard shipunder
battle conditions.

Congress passed legislation providing for the regulation of radio
telegraphyin 1912. One noteworthy feature of this measure wasthe Navy's
obligation to open its facilities to commercial traffic. The Naval Radio
Service commenced actual operations when this legislation became effec-
tiveon December 13, 1912. This date may well be consideredthe birth-
day of Naval Communications as it exists today.

In 1913, a 100-kilowatt transmitter was commissioned at Radio
Arlington, Va. That same year the Arlington-Eiffel Tower experiments
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In 1920, transmitter power went still higher with the Navy installa-
tionof a 1000-kilowatt station at Radio Lafayette, near Bordeaux, France.
The Navy became involved in regularly scheduled broadcasting in 1920
and made the first public broadcast of a presidential address when Presi-
dent Harding dedicated the Lincoln Memorial in 1922.

The Naval Research Laboratory made its debut in radiocommunica-
tions in 1923 and has been playing an important role ever since. Radic
control of aircraft was first achieved in this country in 1923 when per-
sonnel from the Naval Research Laboratory succeededin controlling the
flight of an old Navy seaplane entirely by radio remote control.

Probably the most important service of the Laboratory's Radio
Division in the early days was the ''selling'" of the HF program to the
Navy and, indirectly, to the radio communication industry. InNovember
1923, the Division had started exploration of frequencies from 2000 kilo-
cycles upward, in spite of the fact that existing theories indicated that
such frequencies wouldbe of no use for practical communications. The
firstairborne high-frequency installation was a transmitter and receiver
which NRL provided for the rigid airship SHENANDOAH for her flight
across the continentand back. Withthis equipment she wasable to main-
tain practically continuous communication with the Laboratory. The
culmination of the selling campaign came when high-frequency trans-
mitters were placed in the USSSEATTLE, the Flagshipof the Fleet which
visited New Zealand and Australia in the summer of 1925. Thanks to
this high-frequency equipment, the flagship was able to maintain daily
contact directly with Washington.

Withincreased use of high frequencies, accurate frequency control
became important. The first high-power crystal-controlled transmitter
inthe world was built in 1924 and installed at the Naval ResearchLabora-
tory. For alongtime it handled nightly traffic from the Navy Department
tothe American Embassy in London. This transmitter putten kilowatts
into a quarter-wave vertical antenna on 4015 kilocycles.

Measurement of the height of the ionosphere was undertakenin 1925
by NRL jointly withthe Carnegie Institution. This workis now of interest
because it marks an early practical use of the radio-pulse technique.
Cooperative experiments by NRL with radio amateursdisclosed the now
familiar "skip" characteristics of high-frequency radio. As a result of
these experiments, Dr. Hulburt and Dr. Taylor, of the Laboratory,
published a paper inthe Physical Review for 1926 which laid the foundation
for modern high-frequency wave-propagationtheory. The year 1926 also
saw the introduction of high-power vacuum-tube transmitters at the Navy
radio station when an 80-kilowatt transmitter was installed at San Diego.

Among numerous other developments at NRL atthis time were the
absolute altimeter, and the first application of vertically and horizontally
polarized beacons inthe landingof aircraft. The transmission of signals
from NRL and the recording of these signals, after they had made two
trips around the world, had beenaccomplishedin 1928 and 1929 by Taylor
and Young. Informationobtained inthese tests was valuable in eliminating
interference from bothersome double signals.

- 10 -
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et esRa. W

Conference. One of the U.S. Navy delegates, LCDR T.A.M. Craven.
served as chairman of the Radio Frequency Allocation Committee.

As a result of expansion of radio broadcasting, several national
radio conferences were held in the U.S. between 1920 and 1925. The
Navy's representative atthese conferences exerted strong influence and
was partially responsible for the compromise in the assignment of fre-
quencies between 550 and 1500 kilocycles to broadcasting, rather than
commencing at 200 kilocycles. In 1927, a conference of world powers
convened in Washingtonto draft an International Radio Convention. Sev-
eral representatives were sent as technical advisors to the U.S. Delega-
tion, by the Navy, whose recommendation for radio-frequencyallocation
was adopted almost in its entirety by this conference.

The Navy has endeavored not to overlook any new radio development
which might be of value to communications. Radiophoto is suchadevelop-
ment. In the early 1920's, the Navy investigated and tested some of the
facsimile equipments of that period. Inthe late 1920's, a two-year period
of intermittent testing was conducted between fixed point-to-point and
shore-to-shipinstallations. Additional tests were made in 1938 and 1939.
The present Navy radiophoto-facsimile activities were establishedearly
in 1945 for the use of Navy public information. Later that year, the
Secretary of the Navy made this service available to all naval activities,
as a part of the Naval Communication System.

This summary would notbe complete without mention of the early
days of radar, although radar is no longer considered a means of com-
munication. In 1922, while Dr. Taylor and Mr. Youngof NRL were mak-
ing radiofield measurementsacross the Potomac, they noted that a ship
passing throughthe high-frequency field was detectable on the radio re-
ceiver. In 1930, during similar measurements, it was noted that anair-
plane could be detected at a considerable distance by high-frequency
communicationsapparatus. As a result of these discoveries, the Bureau
of Engineering gave financial support to a project entitled '"The Location
of Enemy Vessels and Aircraft.'” Abouta year later, a detection system,
using a directional continuous-wave 30-megacycle transmitter, proved
capable of locating airplanes 50 miles away.

By 1932, the Laboratory's radio engineers had learned enough about
radio-location-and-detection techniques to take the next big step—the use
of radio pulse echoes. In the period between 1935 and 1941, the radar
Pprogram was probably the most important research project of the Labora-
tory. By 1936, an 80-megacycle pulse radar had been worked out which
got satisfactory echoes on airplanes at ranges up to 40 miles. In 1937,
a 200-megacycle equipment was improvised which seemed good enough
to testaboard the destroyer LEARY. This test furnished the first defi-
nite proof that radar could be used on a naval vessel without seriously
interfering with other equipment.

Withina few months following the LEARY tests, a vastly improved
200-megacycle system was developed which allowed the use of a single
antenna for both transmission and reception. By the fall of 1938, the
improved system had been well tested, and had obtained reasonably good
bearings and ranges on airplanes as far away as 100 miles. A newer
model of this equipment provedthe worthof radar to the Navy in extensive

-12 -
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Sofar in the Pacific

M. H. Sheehy

...isHead of the Sofar Section, Marine Propagation Branch
of the Navy Electronics Laboratory. His field of re-
search for a number of years has been underwater sound.

During the past several years the Navy Department has installed
a Sofar networkto cover the easternNorth Pacific Ocean area, and oper-
ational tests of the network have been completed. For those unfamiliar
withthe subject, we will review briefly the meaning and purpose of Sofar.
The word itself isa contraction of the phrase "Sound Fixingand Ranging"
and the Sofar network is employed to furnish information on the location
of anyone in distress at sea. It is thus intended to be an important part
of an air-sea rescue system.

Ships and aircraft operating in areas covered by Sofar networks
would be equipped with bombs containing four pounds of TNT and having
a suitable fuse mechanism. Whenever a distress situation arose, one
of these bombs, set for detonation at 2, 000 feet for the Pacific or 4, 000
feet for the Atlantic, would be dropped into the sea. . The sound produced
by the explosion of the bomb would be receivedby shore stations and the
location of the explosion determined by triangulation procedures based
upon differences in times of reception at the stations. Air-sea rescue
teams could then be directedto the scene without the necessity for time-
consuming searches of extensive areas.

Perhaps the first question one naturally asks about Sofar is how the
transmission of the sound signals is accomplished over long enoughranges
to make the method operationally worthwhile. The graphon the next page
may help to clarify the matter. In deepoceanic watersthe speedof sound
decreases withdepth to a point several hundred fathoms beneath the sur-
face, and thenincreases with depth from this pointto the bottom as shown
in simplified form inthe left hand side of the graph. If a sound originates
near the level of minimum velocity, the sound rays departing at angles
bothabove andbelow the horizontal will be refractedbacktoward the level
of minimum velocity. Thus sound rays propagated from a certain central
angle will not be reflected from either the surface or the bottom, but
will instead be refractedback and forthacross the level of minimum ve-
locity, called the ""sound channel axis', as shown in the right hand side
of the graph.

The intensity of this channelled sound will thus decrease only as
the first power of the distance, instead of as the second power of the
distance as would be the case in an infinite, ideal medium and, since
absorption losses are very small in the low-frequency region, it is
possible to detect the low-frequency components of an explosive signal
in the ocean at great ranges.
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Arcs of reception and area covered by Sofar network

At each station a group of crystal hydrophones are mounted in a
stainless steel cage inthe form of a regular tetrahedron situated on the
ocean floor at a depth of approximately 2, 000 feet, i.e., near the depth
of minimum sound velocity. The hydrophones are connected tothe shore
equipment by means of several miles of Navy Type 115P submarine cable.
Upon arrival at the shore end of the cable, the incoming signalsare am-
plified, filtered, rectified, logarithmically compressed, and are then
recordedas power levels on alarge sheet of paper mountedon a revolv-
ing drum. The drum type of recording makes possible the continuous
visual monitoring of the signals for four-hour periods. The signals are
also routedto a loudspeaker system sothat oral monitoring is possible,
and a timing trace is recorded adjacent to the signal trace so that sig-
nal arrival times can be accurately determined. The timing trace is
calibrated daily against official radio time signals in order to synchronize
the stations.

Following the installation of the three stations, the Navy Electronics
Laboratory embarked on a series of cruises during which Sofar signals
were dropped throughout the eastern North Pacific area in order to de-
termine the network boundaries, the accuracy of location of the bomb-
drops, the reliability of signal reception at the stations, etc.

These tests showed the area covered by the network to be that in-
dicated in the map above. The results (4) of some 1200 bombs dropped

by NEL during the period from September 1948 to August 1949 indicated
that more than 99 percent of the bombs detonated within this area were
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received at all stations, and that the location of the signal source could
therefore be determined by triangulation.

The depth of detonation was not found to be critical. Although the
sound channel axis is at a depth of approximately 2, 000 feet, signals
originating as shallowas 900 feet and as deep as 4, 000 feet had peak in-
tensities at the stations only a few decibels lower than the signals det-
onated near the axis.

As might be expected from a consideration of the location of the
three stations, the accuracy of locating signal-source position within
the network varies somewhat with position. To determine accuracy, we
compare the source position as determined by Sofar techniques withthat
given by the navigator of the shipfrom which the bomb was dropped. In
the southeasterly portion of the network the accuracy is in the order of
10 to 20 miles, because of the poor triangulation baseline offered by the
location of the Point Sur and Point Arena stations. Partly for the same
reason, the accuracy in the far northern regions, above approximately
48° North Latitude, is somewhat worse, ranging from 20 to 100 miles.
An additional reason for the large error in the Gulf of Alaska and near
the Aleutians, however, is that the signals received from these regions
do not have the usual sharp cutoff typical of long-range signals, but are
instead more symmetrical in shape. It is therefore more difficult to
determine the time of arrival as exactly as that of signals originating in
the mid-latitude waters.

In the latter region, between the West Coast and the Hawaiian
Islands, the accuracy is good, of the order of three miles. This is con-
sidered a good measure of the inherent accuracy of the Sofar network,
and is believed to be comparable to any other present long-range navi-
gational technique.

As another part of the systematic tests carried out by NEL, it was
determined that a four-pound charge of TNT was entirely adequate to in-
sure reception of signals originating within the network. The Bureau of
Ordnance had been assigned the task of designing and testing a bomb for
ultimate operational use within the network. Accordingly, a bomb, des-
ignated the Mark 22, Mod. 0 and 1 Underwater Sound Signal (5), contain-
ing four pounds of TNT was developed by the Naval Ordnance Laboratory
(see picture, topof next page). Because of the ring of bottle caps around
the fuse mechanism, it was soon given the name of ''the bottle-capbomb."

The bottle caps providea convenient method for setting the detona-
tion depth, which can be varied from 1, 500 to 4, 000 feet at 500-foot in-
tervals simply by removingthe appropriate cap. The bombis an excep-
tionally good Sofar signal; it is not only reliable but is also safe, since
boththe arming and firing mechanisms depend upon hydrostatic pressure
for their operation.

In July 1950, the Sofar network entered an operational evaluation
phase with NEL servingin a consulting role. This evaluation gave further
evidence that the accuracy of location of Sofar signals was perfectly ade-
quate for air-sea rescue purposes, and that in general the reliability of
reception and identification of Sofar signals was good.
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distorted signal. It will be noticed that in the top three cases the effect
of the seamount has been to remove the front portion of the signal, i.e.
the energy transmitted along the high-angle ray paths. The fourth case
is a signal detonated off the sound channel axis innorthernwaters. From
aray-theory point of view the signal is made up primarily of energy prop-
agated along the high-angle ray paths, and thus the effect of the seamount
has been to reduce the amplitude of the entire signal rather than simply
to remove the front portion.

The effect of the bottom topography in the immediate vicinity of a
receiving station is illustrated in the diagram opposite. This shows the
duration rate, defined asthe increase in signal build-up-time with range.
as a function of the bearing from the Point Sur station. It will be noted
that the duration rate decreases sharply as the bearing approaches the
arc-of-reception limits of the station. These minimum duration rates
occur ateach stationat the bearings for whichthe bottom slope is a mini-
mum. In general, this minimum slope is associated with a slant-wise
traverse up the continental slope. Here again, then, the effect of the
sloping bottom is to remove the energy carried alongthe high-angle ray
paths.

Ithas also been found that the sound velocity structure of the ocean
alongthe travel path affects the signal shape somewhat, but space limita-
tions will not permit a discussion of this feature here. In general, the
shape of the received signal agrees well with what wouldbe predicted on
the basis of ray theory.

The maximum range at which the four-pound Sofar signals can be
detected when detonated near the sound channel axis is not yet established.
In the spring of 1951 the USS PRESIDENT JACKSON (APA 18) dropped
Sofar signals while enroute from the United States to Japan, and those
droppedat a range of 4340 nautical miles were received well above back-
ground noise. It was evidentthat greater ranges couldbe accomplished,

but no direct effort has been

NORMAL SOFAR SIGNAL s0sap siGHAL made to determine the maxi-
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NRC Committee on Hearing

and Bio-Acoustics

Under an ONR contract with the Central Institute for the
Deaf (St. Louis, Mo.), a committee is being established on
the physical effects on man of vibration, sound, and ultra-
sound. This committee, with the cooperation and assistance
of NRC and joint supportfromthe Army, Navy, and Air Force,
will bear the official title: Armed Forces National Research
Council Committee onHearing and Bio-Acoustics. Any agency
of the Department of Defense canreceive consultation services
from the committee, which will also serve to find answers to
specific problems immediately upon demand.
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Brain Surgery by Sound

William J. Fry

...is Head of the Bioacoustic Laboratory at the University
of Illinois, where he is investigating ultrasound as a tool for
studying the structure and function of biological systems.

Brain and spinal operations are amongthe most delicate whichthe
surgeonis called upon to perform, for deathor paralysis can result when
even a small volume of vital nerve tissue is destroyed. Moreover, with
even the most expert of modern operating procedures, suchinjuries some-
times are unavoidable; cutting out a deep-buried growth, for example,
may involve the laceration of surrounding healthy tissue. For this and
other reasons, our work in applying ultrasonic waves to neurosurgery
may open new possibilities for successful brain surgery.

Brain surgery, up to the present time, has involved either direct
cutting of brain tissue or the coagulation of the tissue by the insertion of
electrically excited probes into the region to be destroyed. A program
at the University of Illinois partially supported by ONR, has shown that
much finer and more delicate operations may be performed by subject-
ing the region of the brain requiring treatment to a focused beam of in-
audible (ultrasonic) sound. Such'surgery' has already been accomplished
on animals andits extensionto humansawaits only the construction of an
instrument suitable for hospital use.

When research was started, we did not actually envision any such
immediate practical application, but were merely investigating the pos-
sible effects of inaudible sound on nerve tissue. Frogs were usedin our
first experiments, which subjected to high-intensity sound the region of
the back immediately over the portion of the spinal cord containing the
nerve cellbodies whichcontrol the muscles ofthe hind legs. The sound,
transmitted to the frog through water, produced permanent paralysis of
the legs after a brief exposure. The minimum time required to obtain
this effect was dependent on the sound intensity—that is, as the intensity
increased, the time required for paralysis decreased.

There was a minimum intensity, however—a threshold value—
below which no paralysis occurred no matter how long the animal was
subjected to the sound. This threshold intensity is very high compared
to the intensity of audible sounds. If a frog is exposed to sound above
the threshold value, but for a time insufficient to cause paralysis, the
frog is more easily paralyzed by a second exposure which takes place
minutes later. This increased susceptibility has been found up to 15
minutes after an exposure.

In subsequent investigations various portions of the brains of cats
and monkeys have been irradiated by focusing the sound beam on the
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On the Naval Research Reserve

Eminent Speakers to Participate in
Psychological Warfare Course

Judging from the high caliber of the speakers who have agreed to
take part in the Psychological Warfare Course being organized by LT
Lawrence L. Whiteneck, NRRC 11-4, San Pedro, Calif., the lectures
promise to be extremely worthwhile. The program, which follows, will
cover the principles of psychological warfare from the viewpoints of the
Navy, Army, Air Force, State Department, and National Strategy Board.

April 1: "The Total Problem of Psychological Warfare," Dr,
Raymond B. Allen, Chancellor of U.C.L.A., and
former Director of the National Psychological Strategy
Board

April 15: "Navy Operations and Psychological Warfare,"
speaker to be arranged

May 6: "Psychological Air Operations," Col. James A.
Anderson, USAF, Chief of Psychological Warfare
Branch, United States Air Force

May 20: ""Methods of Research in Psychological Warfare," Dr.
Victor Hunt, RAND Corporation; former Associate
Director of the Voice of America

June 3: "Army Operations and Psychological Warfare,'" Brig.
Gen, Robert A, McClure, USA, Chief of Psychological
Warfare, Special Staff, United States Army

June 17: '""Policy Making Problems in Psychological Warfare,"
speaker to be arranged

Interest inthe course hasbeen high. The Army is ordering some
100 officers from Psywar units and base company to attend the entire
series as an integral part of their training program. The Air Force is
also sending a number of officers

VSpeciol Devices Seminar

Applications are now being accepted for the Special Devices
Seminar, beginning 19 April (at 1600) and continuing through 2
May (0800) 1953, atthe Special Devices Center, Port Washing-
ton, Long Island, N. Y,
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experience, and I wish I might go back long enough to see more of this
phase of operations. The clothing seems to me to be excellent; the boots
areespeciallyfine. I wore the A-1and A-2 outfits, singlyand together,
while working in the open and I was most favorably impressed. The
only things I did not like were the gloves, which, although warm, were
made of material which caused everything to stick to them, including
snow, with the result that ones hands quickly became wet and dirty.
These glovesare satisfactorywhen used inside the heavier mittens, but
they are not too practical when worn separately while working. Other
than this I have no complaints|

I have been telling members of our ONR Naval Reserve Company
here in Washington about the interesting program being undertaken on
the mountain, and I hope there will be other recruits for thisunique and
worthwhile duty.

Congratulations to CDR Boyle, NRRC 1-7

It never rains but it pours--this is what CDR Frank Boyle,
Springfield, Vermont, is finding out! In his case, it was a most wel-
come rain, as evidenced by the following letter:

Dear Commander Edmondson:

Thank you very much for your kind note. Promotions
are splendid things but this one certainly gives me a big lift.

The letter arrived thisafternoon. After readingitnoisily
Ihanded itto mywife. Sheread it, madeappropriate remarks,
then said '""You'll need more troops as a Commander, so let's
gol" Asdirected, I tookher to the hospital. This wasat three
thisafternoon. At 6:30 tonight our second child, first son, was
born--9 pounds 2 ounces--both doing nicely, thank you.

Bet you didn't realize what a chain of events that note
would start. Thanks again for your kindness.

Frank Boyle

Commanding Officer of NRRC 3-1 Retires

CAPT Robert H. Griffin, USNR, Commanding Officer of Company
3-1 (New York), has retired after 35 years in the federal service. A
former special assistant to the Chief of Naval Operations, CAPT Griffin
was assigned during the early part of World War I to speeding up pro-
duction of submarine torpedoes. CAPT Howard B. Stevens, USNR, of
Ridgefield, N. J. is the new Commanding Officer.
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