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projects on request from the Army or the Navy, or on Division 1-Ballistic Research

requests from an allied government transmitted through Division 2-Effects of Impact and Explosion
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NDRC FOREWORD

A EVENTS of the years preceding 1940 re- cated in the Summary Technical Report of
vealed more and more clearly the serious- NDRC, the monographs are an important part

ness of the world situation, many scientists in of the story of these aspects of NDRC research.
this country came to realize the need of or- In contrast to the information on radar,
ganizing scientific research for service in a which is of widespread interest and much of
national emergency. Recommendations which which is released to the public, the research on
they made to the White House were given care- subsurface warfare is largely classified and is
ful and sympathetic attention, and as a result of general interest to a more restricted group.
the National Defense Research Committee As a consequence, the report of Division 6 is
[NDRC] was formed by Executive Order of the found almost entirely in its Sumnmary Tech-
President in the summer of 1940. The members nical Report, which runs to over twenty vol-
of NDRC, appointed by the President, were umes. The extent of the work of a division can-
instructed to supplement the work of the Army not therefore be judged solely by the number
and the Navy in the development of the in- of volumes devoted to it in the Summary Tech-
strumentalities of war. A year later, upon the nical Report of NDRC: account must be taken
establishment of the Office of Scientific Re- of the monographs and available reports pub-
search and Development [OSRD], NDRC be- lished elsewhere.
came one of its units. Any great cooperative endeavor must stand

The Summary Technical Report of NDRC is or fall with the will and integrity of the men
a conscientious effort on the part of NDRC to engaged in it. This fact held true for NDRC
summarize and evaluate its work and to pre- from its inception, and for Division 6 under
sent it in a useful and permanent form. It the leadership of Dr. John T. Tate. To Dr. Tate
comprises some seventy volumes broken into and the men who worked with him-some as
groups corresponding to the NDRC Divisions, members of Division 6, some as representatives
Panels, and Committees.The Summary Technical Report of each Di- of the Division's contractors-belongs the sin-The uinnar Tecnicl Rportof achDi-cere gratitude of the Nation for a difficult and
vision, Panel, or Committee is an integral sur-
vey of the work of that group. The first volume often dangerous job well done. Their efforts
of each group's report contains a summary of contributed significantly to the outcome of our
the report, stating the problems presented and naval operations during the war and richly
the philosophy of attacking them and sum- deserved the warm response they received from
inarizing the results of the research, develop- the Navy. In addition, their contributions to
ment, and training activities undertaken. Some the knowledge of the ocean and to the art of
volumes may be "state of the art" treatises oceanographic research will assuredly speed
covering subjects to which various research peacetime investigations in this field and bring
groups have contributed information. Others rich benefits to all mankind.
may contain descriptions of devices developed The Summary Technical Report of Division
in the laboratories. A master index of all these 6, prepared under the direction of the Division
divisional, panel, and committee reports which Chief and authorized by him for publication, not
together constitute the Summary Technical Re- only presents the methods and results of widely
port of NDRC is contained in a separte vol- only resentch mtd an results wevaried research and development programs butume, which also includes the index of a micro- i
fihn record of pertinent technical laboratory cooeration of abl mn intdcomo
reports and reference material. cooperation of able men linked in a common

Some of the NDRC-sponsored researches effort to contribute to the defense of their Na-
which had been declassified by the end of 1945 tion. To them all we extend our deep apprecia-
were of sufficient popular interest that it was tion.
found desirable to report them in the form of VANNEVAR BUSH, Director
monographs, such as the series on radar by Office of Scientific Research and Development
Division 14 and the monograph on sampling
inspection by the Applied Mathematics Panel. J. B. CONANT, Chairman
Since the material treated in them is not dupli- National Defense Research Committee
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FOREWORD

T HIS REPORT, Volume 15 of the Division 6 with the Navy and its contractors-the Sub-
Summary Technical Report, describes the marine Signal Co., the Bell Telephone Labora-

work undertaken to improve the operation of tories, and the Radio Corporation of America.
the type of echo-ranging system employed al- This work was undertaken in close coopera-
most exclusively during World War II. While tion with the Navy. In addition to furnishing,
the U. S. Naval Research Laboratory had, prior initially, certain general facilities necessary to
to 1941, developed effective echo-ranging equip- undertake this program, the Navy, as work
ment, time and experience in its use indicated progressed, made available additional test f acili-
that in certain -respects its performance could ties. It is particularly appropriate to record
be substantially improved. The problem pre- the Division's appreciation of the constant sup-
sented to the Division was very analogous to port and encouragement given to those engaged
problems in industry where continuous effort on the project by Captain Rawson Bennett, Jr.,
is made to improve upon already effective ap- of the Bureau of Ships.
paratus or assemblies. The Division also clearly The preparation of this summary report has
realized that, as in industry, it is not enough required considerable effort and the Division
that a certain modification should be of proven appreciates the willingness of Mr. J. S. Coleman
worth, but that in its introduction, production to undertake the task of assembling the mate-
schedules must be considered, and the neces- rial and presenting it in acceptable form. The
sary steps be taken that maintenance and op- technical development program was, in large
erating personnel become fully acquainted with part, assigned to the Division's New London and
the modified equipment. In some respects, it is Harvard laboratories, and it is felt their per-
a simpler process to introduce into service an formance deserves special mention. The serv-
altogether new type of gear than to introduce, ices rendered by the Underwater Sound Refer-
with overall effectiveness, substantial modifica- ence Laboratories in the testing of sonar ap-
tion in gear of a type already in wide service paratus for NDRC and Navy agencies attempt-
use. What the Division was able to accomplish ing to improve its efficiency should also be
was to demonstrate the value of certain modifi- acknowledged. Of prime importance were the
cations which could be gradually adopted in the steps taken by the San Diego Training Group
redesign of sets being produced by manufactur- and others to assure that operating personnel
ers, and second, to design certain assemblies could use effectively gear of the modified type.
which could be attached to sets already in serv- Equally important as a means of securing
ice or going promptly into service. It is be- proper maintenance were the efforts of the Field
lieved these steps led to a gradual improvement Engineers assigned to the Bureau of Ships.
in performance. In this connection, it must be
emphasized that to a very substantial extent,
technical credit for securing more efficient echo- JOHN T. TATE
ranging sets must be shared by the Division Chief, Division 6
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PREFACE

T HE PART played by the NDRC laboratories back of the volume. Although an attempt has
in developing "searchlight" echo ranging been made to unify the presentation, the several

systems of the type described in this volume chapters must still reflect somewhat the detail
was largely one of improvising and modifying and style of the individual laboratories report-
existing designs. Although in some cases corn- and t he laboratories eort-

plete systems were developed, they borrowed ing. These laboratories include the Columbia

component designs from standard gear when- University Laboratory at New London, Con-

ever possible. As a consequence, this volume, necticut [CUDWR-NLL], the University of

which describes only the activities of Division California Laboratory at San Diego, California
6 in this field, cannot be considered as a text [UCDWR], the Harvard University Labora-
on the subject of echo ranging systems. It tory at Cambridge, Massachusetts [HUSL], and
should, however, be useful for purposes of ref- the Bell Telephone Laboratories [BTLI.
erence, supplementing other published works. Editing and processing were carried out for

The material in the volume was, for the most Division 6 by the staff of the Summary Reports
part, compiled from individual laboratory com- Group of Columbia University with the valu-
pletion reports and memoranda which, together able assistance of J. W. Horton.
with pertinent related documents, are listed in
an inclusive bibliography to be found at the JOHN S. COLEMAN
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Chapter 1

INTRODUCTION

S ONAR SYSTEMS in which observations are forced to operate more completely and more
made of underwater sounds radiated by tar- continuously beneath the surface. Thus the need

get vessels are described generically as direct- for some subsurface vehicle for observational
listening systems. Those in which the target is data is more imperative than ever before. The
caused to become a secondary radiator, or re- advent of radar has, in this sense, increased
flector, of acoustical energy are known as echo- rather than diminished the need for sonar in
ranging systems. Observations made by means subsurface warfare for both the surface craft
of the earlier and more elementary echo-ranging and the submarine. The submarine went below
systems have many features which are analo- the surface that it might see without being seen;
gous to those found above the surface when unless it can also hear without being heard it
using searchlights. The modifications and im- will have gained a questionable advantage.
provements of this type of echo-ranging system
are described in this volume. The more recent SCOPE OF DIVISION ACTIVITY
scanning sonar systems, operate with sound
waves in a manner similar to that by which At the time of the formation of Section C-4,
radar operates with electromagnetic waves, later to become Division 6, echo-ranging equip-

Any naval vessel acts as a primary radiator ment capable of good performance was available
of electromagnetic waves only by deliberate in- in limited quantities. In view of the urgent need
tent or by unusual accident. Such radiation may, for large quantities of serviceable gear to equip
in general, be avoided if necessary or desirable. the expanding Navy, it was decided to avoid
Light and radar waves force the surface target delay by concentrating on expanding the pro-
to become a secondary radiator. To escape these duction of existing and proved designs. The
revealing radiations the submarine was de- section and its laboratories, in turn, concen-
signed to operate beneath the surface of the sea. trated upon a program of improvements cal-
Through the development of echo ranging the culated to facilitate maximum performance of
possibility of employing secondary radiations is these standard equipment types. As a result a
regained by those attempting to combat the number of auxiliary circuits and components
submarine; although the submarine may find were designed and constructed which were
occasional security in acoustical shadow zones, quickly adaptable to existing shipboard installa-
caused by the presence of temperature gradients tions. Such modifications included methods for
in the water, there appears to be no refuge increasing the accuracy and ease of obtaining
where it may escape all means of observation, bearings, for improving the ability of the sys-

Although anxious to remain invisible the sub- tem to discriminate the target echo from back-
marine finds it necessary, by means of its peri- ground noise, and for reducing operator fatigue.
scope, to retain some degree of contact with this These and parallel developments were all aimed
medium. Were it not for this contact the sub- at raising the performance level of the average
marine would itself be unable to carry out its sonar operator under typical operational con-
own enterprises. Although when using its peri- ditions. An account of these developments is
scope the submarine risks observation to ob- presented in some detail in succeeding chapters.
serve, the advantage has, until recently, been
greatly in its favor. The development of radar 1.2 THE ECHO-RANGING METHOD
has extended the limitations imposed by human
vision and thereby restored the balance to some The functional operation of a conventional
extent. In consequence the submarine is now echo-ranging system is simple as far as the basic

elements are concerned. An electric wave of
Described in Division 6, Volumes 16 and 17. supersonic frequency is generated in an elec-
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2 INTRODUCTION

tronic oscillating circuit. This circuit is con- a given small sector may be scanned is signifi-
nected to the transducer for a short interval of cantly less than with direct listening. With
time to produce a focused pulse of supersonic echo transmissions it is necessary to cover a
acoustical energy in the water. Once the pulse single bearing long enough for energy to be
has been transmitted, the transducer is discon- propagated to the limiting range and back to
nected from the output of the electronic gen- the transducer. When searching for a noisy
erating circuits and connected to the input target by direct listening, any sector of interest
terminals of a sensitive receiving amplifier. The may be scanned as rapidly as desired. This
same characteristics of the transducer which advantage of direct listening does not, however,
directed the pulse along a given bearing now extend to the rate at which large areas of the
restrict reception to the neighborhood of that ocean may be patrolled. The range of possible
same bearing. A returning echo produces a detection by direct listening, however, decreases
response in the output of the receiving amplifier rapidly as the speed of the listening vessel is
and thus indicates the presence of a reflecting increased. This is because of the increased in-
target. Further, the time interval between pulse tensity of masking noises due to water and
departure and echo arrival may be measured machinery. When searching by echo transmis-
and the range of the target thus determined. sions, the width of path covered may be less
Repeated transmissions obtain quantitative than with direct listening under quiet condi-
data on the rates of change of both bearing and tions, but the limitation on the ship's speed is
range. From these the course and speed, as well the time required to complete a number of
as the position, of the target may be estimated. individual transmissions sufficient to cover the
This ability to determine the range of a silent assigned path.
submerged target is a unique characteristic of The limitation on search rate with the search-
echo ranging, light form of echo-ranging system constitutes

a most troublesome handicap. A considerable
1.3 ECHO RANGING VERSUS LISTENING portion of the effort expended on the develop-

METHODS ment of sonar has been directed toward im-
proving this situation. There is, of course, no

RANGE AND BEARING means of avoiding the delay interval between
transmission and the arrival of the echo. This

There are other operational differences be- is fixed by the velocity of sound progagation in
tween echo ranging and direct listening in water. While waiting for one signal, however,
which the advantage is not so completely on the others may be dispatched or observed. Two
side of echo ranging. Both techniques are cap- such methods are embodied in what are known
able of determining the bearing of any target as scanning sonar systems.'
with adequate accuracy. In the case of a target
radiating a detectable sound wave, range may
also be determined by direct listening, although SHIP SECURITY
with less accuracy than by echo ranging. This A tactically important difference between di-
involves the use of crossed bearings from two rect listening and echo ranging is that any vessel
points separated by a known base line having undertaking the latter operation becomes a pri-
the dimensions of a single vessel. In single ship mary radiator of supersonic energy and is conse-
installations, however, the range accuracy pos- quently liable to detection. This is of particular
sible with direct listening varies with target significance in the case of submarines wishing
bearing, the range becoming indeterminatebarng, thee be coming indeterb inne to remain concealed. Fortunately for the subma-

rine it is in a much better position to employ

SEARCH OPERATIONS direct listening than is a surface craft. When
submerged, submarine self noise which might

When conducting search operations by means
of echo-ranging transmissions, the rate at which bDiscussed in Division 6, Volumes 16 and 17.

CONFIDENTIAL



OCEANOGRAPHIC FACTORS 3

mask target sounds from a distant source is through which the signal must be detected. This
negligible compared with that attending surface is as true in echo ranging as in any other system.
operation. Moreover, surface ships are likely to Valuable statistical data are now available on
be comparatively noisy, the intensities of sounds generated by ships of

various types and on the spectral distribution of
their energy. Sound waves in water due to other

MAXIMUM DETECTION RANGE causes, such as waves, rain, and marine life,
have also been analyzed and catalogued. In ad-

It is hardly reasonable to compare the detec- dition to being limited by interfering noise in
tion ranges possible by direct listening and by the same manner as is direct listening, echo
echo ranging since, in many important cases, ranging may suffer serious interference from
no detection is possible by listening methods the reverberation following its own transmis-
alone; however, it must not be forgotten that the sions. This is merely another way of saying
path length involved in echo ranging is twice that it is sometimes difficult to distinguish be-
that involved in direct listening and the total tween energy returned from a target of particu-
transmission loss is consequently twice as great. lar interest and energy returned from other
As the range increases, therefore, the energy reflecting surfaces. The phenomena of reverber-
which must be transmitted in order to obtain tion have been examined with some care and the
an echo of adequate strength increases very rap- limitations which they impose upon the perform-
idly. At the present time, it is unusual to receive ance of echo-ranging systems evaluated.c These
a satisfactory echo from a target more than studies have also provided a basis for the quanti-
3,000 yd distant. Capital ships have frequently tative understanding of the role of the target in
been detected by a listening submarine, while redirecting energy back toward the observation
under way submerged, at distances in excess of point.
25,000 yd.

The differences in operational characteristics
of echo ranging and direct listening emphasize TRANSMISSION LOSSES
the fact that any consideration of the applica-
tion of sonar must take carefully into account The transmission of sound in the sea is in-
the capabilities and limitations of each if the fluenced by several important factors. Its in-
most effective solution to any given problem is tensity decays as the distance from its source
to be reached. These matters are considered in is increased due to the fact that the total energy
more detail in our examination of the perform- is distributed over larger and larger areas. In
ance of echo-ranging systems and of the factors addition, sound waves in water suffer a signifi-
on which they depend. cant attenuation due to the actual dissipation

and dispersion of energy by the medium itself.
This attenuation loss is superimposed on the
geometrical spreading effect, the two together

1.4 OCEANOGRAPHIC FACTORS being generally classed as transmission loss.
Attenuation increases in almost direct propor-

The range at which a target submarine may tion to the frequency and becomes of major im-
be detected and the accuracy with which this portance at the higher supersonic region,
range may be determined depend primarily virtually prohibiting the transmission to any
upon the characteristics of the sound energy appreciable distance of signals of 100 kc or
employed and its behavior in the ocean. Our higher. Transmission loss is always present;
knowledge of the characteristics and behavior although it exhibits a decided variability, its
of sound waves in sea water has been greatly average magnitude may be predicted within
extended during the recent war. reasonable limits.

The minimum detectable energy level of a
signal is determined by the character and mag- ' A detailed treatment of this work will be found in
nitude of simultaneous background noise Division 6, Volume 8.
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4 INTRODUCTION

REFRACTION OF SOUND quantities which affect operation as to know

their most probable average. Although there

In addition to the normal transmission losses, are numerous voids in the data available on

underwater sound transmission is very seri- the characteristics of underwater sounds and

ously affected by refraction whenever the tem- on their transmission, present knowledge is

perature of the water varies with depth. This sufficient to serve as a reliable guide to engi-

refraction causes a bending of the sound waves neering judgment and often discloses the prob-

from the path along which it was initially di- able limits to the performance of some con-

rected. In some cases the paths are so sharply templated system or technique. It is sometimes

curved that it is impossible to obtain an echo quite as useful to know what cannot be done

from a target only a few hundred yards dis- as to know how to achieve an attainable ob-

tant. In other situations refraction may result jective.

in the establishment of what is virtually a sound
channel. In such cases geometrical spreading
does not take place in the normal manner. The
result is that sound energy can be transmitted 1-5 METHODS OF IMPROVING

very long distances without serious loss in in- PERFORMANCE
tensity.

It is now recommended practice to measure TRANSDUCER DIRECTIVITY

the vertical temperature gradient of the sea be-
fore attempting echo-ranging operations. Once Both piezoelectric and magnetostrictive trans-

this temperature gradient is known it is possible ducers are particularly well adapted to super-

to predict, in a general way, maximum assured sonic frequencies which permit highly direc-

echo ranges. A knowledge of the temperature tional transducers having practical dimensions.
gradient existing at any time is equally perti- The use of a directional receiving transducer
nent to the navigation of submarines. So in- provides an improvement in the signal-to-noise
formed, it is possible for a submarine comman- ratio by excluding all interfering signals except
der to determine the depth at which he is least those which arrive along approximately the
likely to be detected by an enemy surface craft. same bearing as the signal. The use of a direc-

tional transducer is one of the most powerful
REFLECTION OF SOUND methods of reducing the interference of locally

generated noises.

Reflections from the surface or, if the water is Operation at supersonic frequencies has the
not too deep, from the bottom, may result in further advantage that noises of local origin
the interference of sound waves arriving at a contain relatively little energy in this region.
given point by paths of different lengths. Such The likelihood that an echo from a distant target

interference appears as a change in the energy will be obscured by local noise is, therefore, less
level and is responsible for much of the appar- at supersonic frequencies than it would be with
ent variability of transmission loss. transmissions at lower frequencies where much

of the energy of noises caused by waves, ship

APPLICATION To ENGINEERING DESIGN motion, and machinery is concentrated.

All this information as to sound waves and BEARING DEVIATION INDICATORS

their behavior applies practically to existing
conditions commonly encountered in service. One modification, introduced during World
This type of data has great utility to those at- War II, is the bearing deviation indicator
tempting to design equipment or to select a IBDI]. The ability to determine the bearing of
broad plan for meeting some specific tactical any detected target is, of course, implicit in the
situation. For such problems it is quite as de- use of highly directional transducers. The ac-
sirable to know the probable variability of those curate determination of bearing by this means

CONFIDENTIAL



METHODS OF IMPROVING PERFORMANCE 5

requires that the intensities of successive echoes range. The control of receiving gain is espe-
be compared as the axis of maximum response cially desirable with plan position indicator
of the transducer sweeps the location in ques- [PPI] presentations.
tion. This is time-consuming. There is also the
difficulty of maintaining contact since no indica-
tion is available of the direction of bearing
error. The BDI effects a marked improvement One factor which appears with some promi-
in this situation by showing, for every echo nence in supersonic echo ranging is the doppler
giving a readable signal, whether the target is effect. This effect describes the difference in
to the right or to the left of the axis of maximum frequency between a transmitted wave and a
transducer sensitivity. This is accomplished by received wave whenever there is relative motion
a modification providing two distinct output between the transmitting point and a reflecting
connections which give maximum responses at target. In some cases this shift in the echo
slightly different bearings. It is merely neces- frequency may be most advantageous, because
sary to compare the signals from the two output whenever a target vessel has a component of
connections to determine which of the two bear- motion with respect to the water in line with
ings is more nearly that of the target. the observing vessel, the echo frequency will

differ from the average frequency of general
RECEIVER BANDWIDTH reverberation. Because of this difference it may

easily be detected at a much lower level than
An important method of reducing interfer- would otherwise be possible. Doppler shifts

ing noise without simultaneously reducing the also provide the observer with means for de-
signal is to restrict the response of the receiv- ducing relative range rates.
ing system to frequencies characteristic of the The doppler effect also has a disadvantage in
signal components. This method is particularly that it makes the use of extremely selective
effective in the case of echo ranging where the receivers generally infeasible. This is particu-
frequencies of signal components are, as already larly true in. the presence of large range rates,
noted, restricted to a narrow band. as occur in the case of a submarine operating

against a high-speed surface vessel; thus, it is
not surprising that both doppler enhancers and
doppler nullifiers have been found useful.

Attention has been directed to automatic con-
trol of the amplification, or gain, of the receiv- ECHO INDICATORS

ing amplifier circuits during the receiving por-
tion of the operating cycle. This was attempted It is generally necessary to employ some form
primarily to improve the working conditions of instrument which will make the signal per-
of the operator. With receiving circuits having ceptible to the observer. Water-borne sounds
a fixed gain sufficient to provide adequate re- are generally transformed into airborne sounds
sponse for long delayed echoes, the initial re- so that they may be heard. It must be remem-
sponse to local reverberation is likely to be so bered, however, that the ability to interpret
loud as to impair the ability of the observer to such sounds is an acquired facility. Normal
hear a faint echo. In any case it produces un- experience has taught little regarding the sig-
desirable physiological strain. nificance of underwater sounds. Any form of

As quantitative knowledge improved, it be- instrumental response which may best aid the
came possible to design methods of automatic detection and identification of the signal may
gain control which compensated reasonably well therefore be freely selected. In such a situation
for the increase in transmission loss with range. any endeavor to obtain "naturalness" may
When such controls are applied, the response of prove to be misdirected. The choice of the most
the system, both to reverberation and to signifi- suitable type of instrument for any given pur-
cant echoes, is more or less independent of pose is always a matter of intelligent judgment.
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6 INTRODUCTION

For detecting the echo from a distant sub- ranging gear to the detection and location of
marine no instrument has yet been found which multiple targets as in the case of mine fields.
is more generally reliable than those in which
the signal is perceived by the ear of an ob-
server especially trained for the task. The ear MECHANICAL FEATURES
may be aided materially by the eye if the signal The mechanical features of echo-ranging
is presented in a visible form as well as in an
audible form. When using sight and hearing equipment are by no means the least important
simultaneously the observer is more alert, his of its operating characteristics. Conditions en-
perception more acute and less subject to ir- countered in surface ship operations are largelyrelevant distractions, unfavorable to the operation of echo-ranging

As a visual aid to the early detection of weak equipment. The transducer should be as far
siais aid a theay cillociohav a outside the hull as is practical in order to re-

duce locally generated noise and to avoid dis-
persistent screen is perhaps the most suitable tortion of the sound beam. The transducer and
type of indicator. This pattern is retained for its supports must therefore be sufficiently
a short time and therefore supplements the rugged to withstand the strains imposed by the
memory of the observer, water at high ship speeds. Also, this motion

Some form of visual indication is essential through the water causes turbulence and cavi-
in measuring and giving a record of the time tation around the transducer which produce
interval required for an echo signal to travel to high self noise at all except low speeds. This may
the target and back. In the majority of echo- be partially reduced by enclosing the transducer
ranging systems the automatic control of the in a streamline housing which removes it from
transmitting-receiving cycle and the visual immediate contact with moving water. The use
presentation of elapsed time or range are in a of such housing, or dome, obviously increases
single convenient instrument. The chemical the complexity of the structural and acoustic
sound range recorder has proved a most useful design problem.
instrument for this purpose. This recorder, by
means of an electrochemical stylus, traces a line
of variable density corresponding to the signal MAINTENANCE OF TRUE BEARING
level across a slowly moving paper tape for each The fact that a highly directional transducer
successive transmitting-receiving cycle. The is mounted upon a moving vessel obviously
rate of change of range of any target re- makes it more difficult to keep it trained upon
turning a succession of echoes is here deter- some target than would be the case were it
mined from the slope of a line through the operated from a fixed platform. It is apparent
adjacent echo traces. The instrument is pro- that the transducer axis will be deflected from
vided with scales and with mechanical devices its assigned bearing both by roll and pitch of
to assist in determining the correct firing time the vessel and by any changes in course. To
for various types of subsurface ordnance. relieve the operator of the burden of contin-

Instruments arranged to give a plan position uously checking the ship's course and applying
indication are also used in connection with some suitable training corrections, systems have
sonar systems. Scanning systems universally been devised whereby automatically applied
employ this form of presentation although it is corrections place the transducer training on a
sometimes desirable to supplement it with some true bearing rather than a relative bearing
other type of presentation from which the range basis. This is accomplished by the maintenance
of a single target may be read more conveniently of true bearing [MTB] system. Serious con-
and more accurately. Plan position indications sideration has also been given to the incorpora-
have also been used with the more elementary tion of gyroscopic stabilization of the vertical
arrangements of echo-ranging equipment. They axis to permit the training of the transducer to
are of particular utility in adapting the echo- be referred to the true vertical rather than to
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OTHER APPLICATIONS 7

an axis varying with the roll and pitch of the certainty by echo ranging in shallow water is
vessel. somewhat limited, echo ranging has, neverthe-

less, proved adequate for establishing the posi-
DEPTH DETERMINATION tions of mines in operations which could not

be avoided regardless of the hazard. Consid-
With the increased depth of submergence erable diversity, both in operational require-

now attainable by modern submarines, subsur- ments and in environmental conditions, is to be
face warfare calls for three-dimensional navi- expected in sonar applications as varied in pur-
gation. It is inevitable that the acoustical axis pose as those just mentioned. While it is true
of future echo ranging transducers must be that certain fundamental principles apply in
trainable in elevation as well as in azimuth. This general to all applications, it is evident that the
is required to maintain contact during close ap- detailed solution of any given problem must
proaches and to provide a means for determin- take fully into account the unique conditions
ing the depth of submergence as well as the encountered. In military and naval activities,
horizontal position of the target. The principle operational requirements may change on short
has been shown to be entirely possible by sev- notice and in an unpredictable manner. It is
eral experimental installations. It remains to always desirable that any new technique re-
make the technique generally applicable under quired be implemented for combat service with
service conditions. the least delay. This suggests a design policy

under which certain flexible aparatus units per-
form the basic functional operations and any
specialized operations are confined to supple-

1.6 OTHER APPLICATIONS mentary elements.

There are other important applications of COASTAL SURVEYING

echo ranging. By far the most common is in the
echo sounding fathometer by which the depth Underwater sound transmissions are also
of water beneath a ship is determined in the used to measure the distances between fixed
same manner as is the range of a submerged points in coastal surveys. Distances may, in this
target. The fathometer is now almost univer- case, be evaluated in terms of the difference in
sally used by commercial vessels as well as by travel time between radio waves in the ether
naval craft and is coming to be as familiar a and simultaneously transmitted sound waves in
fixture in the pilot house as is the compass. the water. Since the sound traverses a single,

direct path, much greater ranges are possible
MINE DETECTION by this method than by echo ranging. It is

common practice to generate the sound waves

Echo ranging has recently proved to be of required in radiosonic ranging by means of
considerable utility in the detection of sub- small explosive charges. Partly because the
merged mines by submarines, either submerged energy thus available is so great and partly be-
or on the surface, and of obstacles to landing cause a single transit of the distance is involved,
operations. While the distance at which a small ranges of more than 100 miles are not un-
mine case may be detected with reasonable common.
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Chapter 2

GAIN COMPENSATING CIRCUITS FOR SONAR RECEIVERS

2.1 INTRODUCTION ing time interval before return to maximum
sensitivity, upon his determination of the pre-

T HE DEVELOPMENT of gain compensating cir- vailing reverberation conditions and upon the
cuits for sonar receivers was initiated to desired echo range. If the TVG characteristics

reduce the adverse effects on operator efficiency are improperly chosen, the echo may be lost.
caused by the initial blast of reverberation fol- Despite this disadvantage, various TVG circuits
lowing each ping. A number of circuits have were developed both for application to sonar
been devised which effectively reduce the gain of equipment already in service and for incorpora-
the receiver during the initial blast of reverbera- tion in the design of new equipment. TVG was
tion and then restore it in time to receive the superseded by the more effective RCG circuit.
echoes. The RCG system automatically reduces the

The term reverberation, as used in echo rang- amplifier gain by an amount determined by the
ing, refers to the reflected sound, other than initial reverberation level, and then restores the
that from the target, which returns to the pro- gain at a rate determined by subsequent rever-
jector. The nature of the reverberation in a beration. The RCG is essentially a unidirec-
given instance depends on the transmitted tional gain compensating control. It reduces the
power, on the length of the ping, and on the likelihood of losing desired echoes, which was a
underwater "auditorium." Usually the rever- disadvantage of TVG, and nearly eliminates the
beration level reaches a peak immediately fol- need for repeated adjustment of receiver sensi-
lowing the ping, and then it decays in a tivity controls. However, if the reverberation
manner and at a rate which vary with water should increase after its initial fall, as may occur
conditions. in shallow-water echo ranging, the gain remains

One characteristic of reverberation is that its at the level it had before the reverberation in-
pitch is usually the same as that of the primary creased again. As a result, the operator, who
signal. Unless the desired echo has an apprecia- hears the increase as an actual increase in re-
ble doppler shift, the operator must distinguish ceiver output, may confuse it with increases in
target echo from reverberation chiefly on the output which arise from true target echoes.
basis of tone quality and relative intensity. The automatic gain control [AGC] used in
Since the intense blast of reverberation which British Asdic AVC receivers is similar to the
follows each ping persists at a masking level RCG circuit in that the degree of gain reduc-
for a time corresponding to ranges up to 500 tion in each instance is determined by the pre-
yd, the nervous and auditory systems of the vailing level of reverberation. An advantage of
sonar operator face considerable punishment. the AGC system over the RCG is that in shallow-

To improve the efficiency of the operator, sev- water echo ranging the circuit automatically
eral types of gain-control circuits have been in- discriminates between the slow rises in input
corporated into sonar gear. The first to be de- due to increased reverberation and the sudden
veloped was time-varied gain [TVG] ; this was rises due to echoes. In some cases, however, it
followed by reverberation-controlled gain is a disadvantage to have the clipping effect of
[RCG] which found general use with standard this type of gain reduction obscure the indica-
American sonar equipment. For purposes of tion of the pulse duration. Provision is also
comparison, a description is included of the made in the AGC system for a rapid restoration
British automatic gain control [AGC]. of amplifier gain at the termination of the echo

With TVG, the operator bases his selection of pulse, to permit recognition of a second echo
the initial reduction in gain, with its correspond- closely following the first.
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TIME-VARIED GAIN 9

Time-Varied Gain TIME VARIED GAIN

Time-varied gain [TVG] is an automatic vol- qEIVMERNTO PDUDE TV6.A-

ume control circuit used to control the gain of a EQUIPMENT ADDED TO WEAI

sonar receiver for a given period following the EQUIPMENT ADDED To O
emission of a ping. It reduces the receiver out- ,'RECEIVER TO PRODUCE TVG.

put to a comfortable level during reception of OVERLoAD-\

the initial blast of reverberation, thus protect- REVERBERATION .' ECO E..O

ing the operator from a high-level signal, and
restores normal sensitivity before arrival of the -,

target echoes. Any of several TVG characteris- WITHOUT TVG WITH T.V.G

tics may be selected by the operator to corre-
spond to prevailing reverberation conditions and FIGURE 1. Effect of TVG action.
to target range.

The TVG circuit was developed by the Har- as possible the decay of reverberation with time
vard Underwater Sound Laboratory, Cambridge, under particular water conditions.
Massachusetts [HUSL] for application to sonar
equipment already in service and for incorpora- RC TIME CONSTANT
tion in new equipment, prior to the completion
of the more effective RCG circuit. If a charged condenser is shunted by a re-

sistance, the voltage across the condenser falls
exponentially with time. The time constant,

2.2 PRINCIPLES OF TVG OPERATIO R X C, is defined as the time required for the

GENERAL DESCRIPTION voltage to fall to 1/e times the initial voltage.
z 140 - - - -

With TVG, control of gain with time is ac- K
complished by charging a condenser with nega- - --- - --el .... 2.0 0.25

tive potential during transmission of the pulse 00 MEG M_-

and then discharging this condenser, following - - - - -

the ping, through a shunt resistor. The ex- >_ -- -

ponentially decaying bias, applied to one or more
of the remote cutoff tubes in the listening am- m 50 --

plifier, varies the gain to provide a fairly con- U - --------

stant reverberation level. - -z

TVG action is a function of two factors: (1) , RANGE 500-

the initial voltage to which the bias control con- 0 o o.- o
a1 0 0.5 1.0 1.5 2.0denser is charged, and (2) the rate at which TIME IN SECONDS

the condenser discharges. If these are properly FIGURE 2. TVG action for time constant of 0.5
adjusted, the audible reverberation remains sub- second.

stantially constant at a level which the operator
may select with the manual gain control. An When such a varying voltage is used as grid
adequate amount of reverberation remains to bias for an amplifier, its gain can be made to
provide a reference tone for recognizing target vary with time and hence, range. This is accom-
doppler shifts. An equal opportunity is provided plished by the use of remote cutoff pentodes in
throughout the listening interval for recognition which gain in decibels is approximately linear
of any echo which rises above the then-prevail- with bias voltage.
ing reverberation background. A disadvantage Figure 2 illustrates the exponential decay of
of TVG is that both the initial gain reduction voltage with time in an RC circuit used in a TVG
and the rate of gain recovery must be adjusted system. Circuit time constants smaller than the
to make the receiver gain complement as nearly 0.5-sec value shown in Figure 2 will provide
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10 GAIN COMPENSATING CIRCUITS FOR SONAR RECEIVERS

more rapid restoration of gain. In general, re- directly on the grid. In the latter case, the TVG
covery of gain should be as rapid as possible, voltage is applied through a resistance large
consistent with the desired reduction in rever- enough to avoid loading the tube input circuit;
beration. a fixed condenser is inserted in the grid lead to

isolate the d-c bias. Where the TVG voltage is
MANUAL GAIN CONTROL applied to the grid return, the size of the TVG

condenser is more than sufficient to maintain
In the receivers to which TVG has been ap- the grid return substantially at ground potential

plied, manual control of gain is accomplished by at signal frequency. This is the preferable con-
biasing the amplifier tubes between limits ofnetosicitaiddtungndrs-m -

full gain and cutoff, or near cutoff, by means ulation effects.

of adjustable grid or cathode bias. To prevent

the amplifier from being wholly nonconducting
when the gain-control knob is in the minimum 2.3 APPLICATIONS OF TVG
position, a semi-fixed adjustment is usually pro-
vided in the listening amplifier. QCL GEAR

TVG bias is superimposed upon this manual
gain-control bias. If manual control is set too The method of adding TVG to the 755 QCL
low, and a high initial charging voltage is used receiver is shown in Figure 3. The box which
in TVG, the receiver amplifier may be biased
well beyond cutoff for echoes from targets at - T'VG SOX
relatively small ranges. The optimum relative -0 R17 W
setting of manual gain and TVG controls varies I
with the target and water conditions.

METHODS OF APPLYING TVG V-,02 V-103To reduce the number of manual adjustments, MF 4 5

the only control provided is that of initial gain /Z---
reduction. A compromise time constant, usually _ 2

between 0.3 and 0.5 see, is used. There is no
Z wprovision made for varying it in a particular M

installation. 2MEG K
SOURCE OF TVG VOLTAGE ,

The negative potential used to charge the con-
denser depends on the source available in"- TO SIDE GROUNDED

particular installations (such as a polarizing TO-70V (TERMINAL 3) BY HAND KEY OR CAM
(TERMINAL 40)

generator), negative voltage sources within the TO LOUD SPEAKER RELAY COIL

amplifier, or bias voltage obtained by rectifying K-301

the transmitter pulse. In all cases, the source FIGURE 3. Application of TVG to 755 QCL re-

voltage must be sufficient to bias the amplifier ceiver.

to, or approximately to, cutoff, when the manual
volume control is adjusted to full gain. houses the TVG system consists of an RC circuit

with a time constant of 0.5 see, a charging-

INJECTION OF TVG GRID-CONTROL VOLTAGE voltage injection relay, a 500-ohm protective
resistor, and a 5-position tap switch for selection

The time-varied bias is applied to the ampli- of initial gain reduction. The unit is usually
fier grids by two general methods; it is series- mounted on the QC stack, with the TVG control
injected into the grid return circuit or placed switch accessible to the operator.
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TIME-VARIED GAIN 11

The 755 receiver is modified by inserting a ing the grid resistor, R-402, to the common
0.00025-/f mica condenser in the grid leads of junction.
the first and second i-f amplifier tubes, V-102 Adding TVG to WEA-1 equipment slightly
and V-103. The TVG control bias is applied to refined the gear itself. Since WEA-1 equipment
the grids through two 2-megohm resistors whose has neither a send-receiver relay nor a speaker
"low" ends are by-passed to ground through a cutoff relay, the transmitted ping is accom-
condenser. panied by the same disturbing noise that charac-

The negative charging voltage source is the terizes the initial reverberation following re-
polarizing generator for the transducer. The ception of an echo. To cut off the audio amplifier
relay for injecting the charging voltage is effectively during each ping, the full voltage of
bridged across the relay which disconnects the the TVG bias control is applied to the grid
loudspeaker during each ping. The taps on the return of the first audio stage, V-409.
voltage divider provide four initial bias voltages
of 20, 15, 10, and 5; tap number 1 eliminates OTHER GEAR
TVG action. In RCA QCJ-2 and QCJ-8 equipments, TVG

WEA-1 GEAR voltage is obtained from the same negative
source that provides bias for the manual gain

Figure 4 illustrates how TVG is applied to control. The positive end of the TVG voltage-
WEA-1 equipment. The negative charging volt- divider is connected back to the negative control

3000 A EACH - W 40,000 point of the manual gain control. A special
2W advantage is gained in this installation since

the amount of initial TVG action is a function
of gain setting. Thus, TVG suppression of gain
cannot be added to manual reduction of gain

0 to hold the receiver at cutoff for appreciable
range.

Application of TVG to the Submarine Signal
Company 869 QBE receiver is accomplished

,I_____.__ 4 through blocking action in an amplifier grid
0.5 MP ocircuit. Since remote cutoff tubes are not used

*_ in this amplifier, an RC circuit is inserted di-
Zs Mrectly into the grid lead of the first amplifier

2E tube. The jumper which would normally ground
4 the input during each ping is removed and a

2.2 MEG 0 5,000-ohm charging resistor is inserted in the
I input lead. The transmitting signal-voltage

pulse thus charges the TVG condenser by grid

FIGURE 4. Application of TVG to WEA-1 equip- rectification during each ping. Since the voltage
ment. reached by the condenser is, within limits, a

function of pulse length, TVG action becomes
age is obtained by rectifying the transmitted a function of pulse length. No other adjust-
pulse. The unused half of a 6H6 tube in the ment of TVG is provided.
receiver is employed as the rectifier. Four steps
of charging voltage are provided as well as
an off position. 2.4 PERFORMANCE

TVG action is obtained by injecting half of
the TVG bias control voltage into the grid re- Experience indicates that with proper adjust-
turn of the final i-f amplifier tube, V-402. This ment of TVG controls, the primary function
is accomplished by bridging two 2-megohm re- of auditory relief can be accomplished without
sistors across the TVG condenser and connect- interfering appreciably with the functional
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12 GAIN COMP1ENSATING CIRCUITS FOR SONAR RECEIVERS

usefulness of the echo-ranging equipment. How- and eliminates the need for specific adjustments
ever, if controls are improperly set, there is the to correspond to varying conditions.
possibility that target echoes may be lost at In RCG operation, immediately following the
short ranges since excessive TVG action cuts transmission of the ping, the circuit automati-
out the listening amplifier for a short fraction cally lowers the gain of the sonar receiver to
of the listening interval. This possibility of a point where the loudspeaker level is properly
improper adjustment has led to restrictions in adjusted to the operator's ear. As the initial
the allowable degree of variation; in some cases blast of reverberation dies away, the gain of
recovery is so rapid and the reduction in initial the receiver automatically rises at a rate suf-
gain so small that the primary purpose of TVG ficient to keep the speaker output level approxi-
is defeated. These limitations have resulted in mately constant. When reverberation has
an imperfect realization, in practice, of the ceased, the receiver gain is that which would be
inherent advantages of TVG. However, through obtained with the existing setting of the receiver
the development of RCG, these restrictions have gain control.
been largely overcome. The action within a single ping interval is

While TVG relieves the auditory abuse of the irreversible. For example, when the gain has
operator, it also clarifies and cleans up the increased part of the way due to decay of rever-
trace obtained on the chemical range recorder. beration, no amount of subsequent echo signal
By reducing the level of range reverberation, can cause the gain to be reduced again within
much of the irrelevant marking on the recorded the interval. Since the system operates as a sort
trace is either eliminated or materially reduced. of unidirectional AVC, compression of echoes,
This greatly simplifies the interpretation of re- characteristic of ordinary AVC, is prevented.
corder trace patterns. If no reverberation is received the gain of the

receiver reaches substantially the full value,

Reverberation-Controlled Gain I AMPLIFIER

Reverberation-controlled gain [RCG] is a cir- RECTIFIER

cuit which reduces the output of a sonar re-
ceiver during the period of initial reverbera-
tion, thereby protecting the operator from a
high signal level. Normal sensitivity is restored D,
at a rate determined by the decrease in rever-
beration. The RCG control circuit was proposed
by engineers of the General Electric Company "C R I

and was developed by HUSL.

FIGURE 5. Basic RCG circuit, exterior charging
2.5 PRINCIPLES OF RCG OPERATION voltage.

corresponding to the sensitivity control setting,
GENERAL DESCRIPTION in a small fraction of a second following the

The RCG circuit constitutes an improvement ping. Thus, the RCG circuit permits the opera-
over the earlier TVG circuit in that it automati- tor to use a high gain setting on the receiver
cally adjusts the gain as rapidly as is consistent during all echo-ranging operations and almost
with the prevailing level of reverberation. In completely eliminates the need for repeated ad-
TVG, the operator may make an incorrect choice justments of the receiver sensitivity control.
of the initial charging voltage for local water
conditions. This can lead to loss of the echo or
admission of an uncomfortable blast of initial The method of RCG control in a typical echo-
reverberation. RCG reduces these possibilities ranging cycle may be understood by reference
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REVERBERATION-CONTROLLED GAIN 13

to Figure 5. During the transmission of the Receiver gain will, therefore, rise to a higher
pulse, switch S-1 is closed, thus charging con- level and weak echoes will be less likely to be
denser C-2 negatively. At the conclusion of the missed.
transmitted pulse, S-1 opens, leaving the con-
denser negatively charged. Returning rever- METHODS OF CHARGING CONTROL CONDENSER
beration causes voltage to appear at the receiver
output. This is rectified by diode D-2 and a volt- Fixed Negative Power Supply. The control
age is developed across its load R-1, C-1. With the condnse C y e charedin the tra-
RCG circuit properly adjusted, this load voltage mitted pulse by direct connection to some nega-is less than that initially applied to C-2. The tive power supply, as illustrated in Figure 5.

The voltage selected should be no higher than
excess voltage across C-2 will begin to dischargethrogh -1 nd -1 o grund Asthevolagenecessary to prevent receiver overload on initial
through D-i and R-i to ground. As the voltage reverberation with manual gain control set close
acrossto its maximum. Otherwise, there is danger that
increase in the gain of the receiver, in the re- toitaxm . thes thre s dn th tshort-range echoes may be lost in the finite
ceiver output, and hence in the voltage built up time required for receiver gain to be restored.
across R-i, C-1. This process continues as long as
the voltage across C-2 is greater than that Use of Diode. Instead of a fixed negative
across the diode load R-1, C-1; i.e., receiver gain source for charging C-2, switch S-i can be con-

increases only so long as reverberation de- nected directly across diode D-i, as in Figure 6.

creases. OUTPUT

However, an increase in input voltage cannot SIGNAL RECEIVER
INU MPLIFE

affect receiver gain. An increase in input cor-

responding to the arrival of an echo produces an RECTIFIER

actual increase in loudspeaker output. The echo
is amplified according to the gain setting of the
system at the time it arrived. At the termina- NEGATIVE

VOLTAGE NEGATIVE
tion of the echo, the speaker signal drops and SOURCE GAIN CONTROL D2

any other signal is then amplified at the gain *____ O VOLTAGE

setting that existed before the echo arrived. S, __
C R,

AVC CHARACTERISTICS OF RCG T
During the period of diminishing reverbera- FIURE 6. Basic RCG circuit, signalcharging

tion, when RCG is raising the gain of the re- voltage.
ceiver amplifier, the system responds as if the
diode D-1 were shorted out; i.e., it is essentially In this case, charging condenser C-2 rises to the
an AVC system that is recovering from a loud same potential as C-1, and the receiver amplifier
signal. Experience has shown that the time is actually under AVC during the transmitted
constant of the recovery function should be pulse. To decrease the gain by a sufficient
approximately 0.05 sec. amount, the input voltage to the receiver must

The function of an RCG system is to keep be greater during the transmitted pulse than at
bringing the receiver output back to an approxi- any other time in the echo-ranging cycle. Be-
mately constant level following each decrease in cause of leakage from driver to rectifier, this
receiver input voltage. Consequently, the AVC condition exists without special provision in
system formed by shorting diode D-1 must have most echo-ranging equipment.
certain characteristics. For satisfactory opera- The main advantage of using the diode source
tion, it has been found that a 1-db increase in to charge the control condenser is that the volt-
output should require at least a 5-db increase in age on C-2 can never be high enough to cut off
input. This allows the manual gain control to completely the control tubes of the receiver am-
be run at a relatively higher level without caus- plifier. Furthermore, since the signal input to
ing receiver overload on initial reverberation, the receiver is strongest during the transmitted
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14 GAIN COMPENSATING CIRCUITS FOR SONAR RECEIVERS

pulse, sufficient voltage will always be applied time, the presence of the shunt resistor allows
to C-2 to decrease the gain by the desired the negative potential on C-2 to decrease and
amount. In this AVC-type system, the initial receiver gain to rise. This undesirable effect
charge placed on C-2 is automatically varied can be minimized by making R-2 as large as
according to manual gain control setting. This good practice will permit.
lessens the probability that short-range echoes
will be lost at low manual gain-control settings,
as a result of placing excess charging potential
on C-2. RC

OPTIMUM TIME CONSTANTS A B

In order to make sure that the AVC system FIGURE 7. Methods of keeping RCG condenser C-2
has reached equilibrium in the time allowed by from going positive during listening.
the transmitted pulse, the time constant for
charging condenser C-2 must be kept down to A slightly more desirable method accom-

about 25 msec. In practice, because of the char- plishes the same result by using a diode across

acteristics of the AVC adopted, the effective C-2, as shown in Figure 7B. The diode effec-

time constant will be of the order of 5 msec or tively by-passes to ground any positive charge
less. This is less than the shortest transmitting which tries to build up on C-2.
pulse length used by conventional QC sonar
gear.

The rate at which receiver gain is allowed 2.6 APPLICATIONS OF RCG
to be restored following the ping is controlled
by the time constant R-1, C-2. As a result of con- ECHO-RANGING BOOSTER
siderable experience, this is fixed at approxi- The first semipermanent equipment to employ
mately 60 msec. RCG was the echo-ranging booster [ERB]. This

unit was designed as an auxiliary to existing
sonar equipment and included in addition to

AMPLIFIER RCG, own-doppler nullifier [ODN] (see Section

4.2.2), and reverberation suppression filter
RCG control voltage is usually applied to [RSF] (see Section 4.12).

the grids of the i-f tubes in the receiver amplifier Figure 8A is a partial diagram of Model 1
through a resistor of about 2 megohms. A small ERB, showing the RCG and related portions
condenser is introduced into each grid lead to of the circuit. The relay used for RCG also
isolate the d-c voltage. In some installations, serves to control the ODN functions. For satis-
it is more convenient to apply the control voltage factory ODN operation, this relay must remain
to the suppressor grids, closed for approximately 90 msec following each

ping. Since the system is held under AVC
OTHER CONSIDERATIONS throughout this period, any echo returning will

undergo a certain amount of volume compres-
When an echo-ranging receiver (with RCG sion. Under some conditions, this action was

applied to control grids) is used without re- responsible for loss of target at ranges up to
cycling over extended periods for listening only, about 100 yd. The use of separate relays for
the grids may become increasingly positive as RCG and ODN later remedied this disadvan-
a result of electron emission. This may be tage.
overcome by shunting a resistance across con- Figure 8B shows the all-electronic RCG sys-
denser C-2 to provide a d-c path to ground, as tem used in the later version of the ERB. This
shown in Figure 7A. However, when rever- system charges C-2 by the AVC method but the
beration level is constant for any appreciable AVC voltage comes from a separate amplifier
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FIGURE 8. RCG portion of ERB circuit.

and rectifier. The grid of this separate ampli- SUBMARINE SIGNAL COMPANY
fier is cut off except during the transmitted MOLWF
pulse and for a very short time thereafter.

The ERB contains the only RCG system that The essential parts of the RCG system built
was made up in a form to be installed on equip- into the Submarine Signal Company Model
menit already in existence. WFA sonar receiver are shown in Figure 9.
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16 GAIN COMPENSATING CIRCUITS FOR SONAR RECEIVERS

This circuit has been considered the best during the listening period following pulse
modification of the basic RCG circuit. Since the transmission. Its use effectively eliminates the
RCG control voltage is applied to the suppressor necessity for the sonar operator to readjust

receiver gain during search or during the prog-
ISTIF [" 2NDIF ress of an antisubmarine attack. As a result,

6D6 )adopted by the U. S. Navy for standard sonar
0M -equipment.

C C Automatic Gain Control (British)
AMPLIFIER RECTIFIER

B + -The automatic gain control [AGC] is an auto-
"matic volume control circuit used with British

Asdic equipment to reduce receiver output dur-
ing reception of initial and subsequent rever-

S.- - beration. A comparison of RCG and AGC was
g d imade by His Majesty's A/S Engineering Estab-

lishment at Fairlie, Ayreshire, and their report
is summarized here.

PLATE OF TO KEYING 350V
IST AF STAGE CIRCUIT

FIGURE 9. RCG system on Submarine Signal Corn- soK
pany WFA equipment.

grids of the i-f amplifiers, it is not necessary to
use a leak resistor or diode across C-2. Further-
more, the suppressor grids have a comparatively
high gain-controlled sensitivity which intro- R-4

duces very satisfactory AVC characteristics. ZK

Finally, initial charging of the condenser is + GROUND

accomplished by shorting out the delay diode I-C c-2 -3 R-3

during transmission rather than by use of a -iAf To.5,uf -10.053
fixed negative voltage. As explained above, this V-
reduces the possibility of losing targets at close 30K

range.

CONTROL LINE, TO

OTHER GEAR GRIDS OF H-F STAGES

RCG has also been adapted to other gear, FIGURE 10. Time-delay circuit used in AGC.

such as the RCA Model QGB, the Western Elec- 2.8 PRINCIPLES OF AGC OPERATION
tric Model QJB, the Sangamo Model XQHA,
as well as the sum and difference bearing GENERAL DESCRIPTION
deviation indicator.

The British AGC system provides a method

2.7 Pof varying the gain of the sonar receiver follow-
ing transmission of the ping so that the back-

RCG provides substantially the optimum ground of reverberation is held to an almost
variation of sonar receiver gain required to constant level. To this extent, it is similar to
overcome the adverse effects of reverberation the RCG system. However, the AGC has an

CONFIDENTIAL



AUTOMATIC GAIN CONTROL 17

advantage when used in shallow-water echo to the gain that existed prior to the arrival of
ranging. Because of a time-delay circuit intro- the echo. In conditions where the reverberation
duced into the gain-control network, it automati- level rises at any time during reception, the
cally discriminates between slow rises in input AGC system will counteract this by increasing
due to increased reverberation and sudden rises the bias on the control line and so reduce the
due to echoes. background to a previously existing level. The

RCG system, on the other hand, will be unable
TIME-DELAY CIRCUIT to adjust itself to the increased reverberation

level and consequently the rise in reverberation
The required time delay is achieved by charg- will be manifested by an increase in receiver

ing the final condenser, C-1, through a 5-megohm output.
resistance, R-2, as shown in Figure 10. The After study of the circuit characteristics in
effective time constant (RC) in this case is ap- various laboratory performance tests, a field
proximately 500 msec, which is adequate to comparison was made of the two systems. The
cover the duration of the longest echo. locations of these tests was a shallow channel.

In order to reproduce in their original intensi- The oscillograms shown in Figure 11, repro-
ties echoes following each other in quick suc- duced from the British report, show the incom-
cession, a diode is used to quickly remove the ing signal and the two types of control produced
bias arising from an echo. If no rectifier were by AGC and RCG.
used for discharge, the decay would be very Figure 11A shows the incoming signal with
slow. The diode is connected across the high the receiver uncontrolled. The output of an
resistance with such a polarity that it conducts RCG-controlled receiver and corresponding bias
when the voltage on C-3 is less negative than the produced across its control line are pictured in
voltage on C-2. The time delay introduced in Figure 11B. The AGC output and its bias for the
the AGC network is not constant but depends same incoming signal are shown in Figures 11C,
greatly on the strength of the suddenly applied 11D, and 11E, respectively. Comparison of the
signal. The ratio of initial charging voltage to oscillograms for the two systems reveals the im-
final voltage is almost directly proportional to proved compression of reverberation with AGC
the strength of the input signal; this fact is for these conditions, as well as the clipping
responsible for decreased time delay at high effects produced by AGC on the echoes.
signal strengths.

2.9 COMPARISON OF AGC AND RCG 2.10 PERFORMANCE

When the reverberations fall continuously The RCG system is superior to the AGC in
after transmission, both systems will exert sim- deep water where the reverberation level falls
ilar controls on the receiver gain, and the continuously; with RCG there is no opportunity
reverberation output will be held to an al- for the clipping effect to obscure the indication
most constant level. When an echo arrives, of pulse duration. However, in shallow water,
RCG will reproduce it at proportional intensity where the reverberation level may exhibit a rise
for its complete duration while AGC will give during some point in reception, the RCG system
a "clipped" echo. On the cessation of the echo, may prove less satisfactory because of its in-
the bias on RCG will have the value that existed ability to distinguish between slow rises in input
before the echo arrived, whereas the AGC sys- level caused by increased reverberation and
tem will require an interval to restore itself sudden rises in input level produced by echoes.
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FIGURE 11. Comparison of RCG and AGC action in shallow water. Reverberations and echo on 15 kc/s.
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Chapter 3

AUTOMATIC PROJECTOR TRAINING SYSTEMS

3.1 INTRODUCTION bearing with respect to the ship. The MTB
training system uses a differential action to

T HIS CHAPTER CONTAINS a description of combine the rotation of the projector shaft
three systems proposed for automatic pro- within the ship and the rotation of the ship in

jector training: automatic target training space; it translates this resulting indication
[ATT], maintenance of true bearing [MTB] into automatic maintenance of the desired
and electronic automatic search [EAS]. For projector bearing and provides a means for
each of these, the development is briefly dis- superimposing changes in true bearing as de-
cussed, its operation described, and perform- sired by the handwheel operator. Several
ance characteristics evaluated, hundred of these systems were installed in ships

Automatic target training equipment was by the Navy. Performance tests indicated a
developed to improve the accuracy of bearing good static accuracy of follow-up of the entire
determinations made by the sonar operator and system with as rapid operation as that of the
to relieve him of the constant strain of main- original training control. Its use was recom-
taining contact with the target. ATT trains the mended particularly for smaller vessels because
projector in the direction of the target by utiliz- of their general instability and yawing ten-
ing the output of the bearing deviation indicator dencies.
[BDI] ; by means of a range gate, ATT responds Electronic automatic search is a system de-
only to an echo arriving from the proper target. veloped to operate a ship's sonar gear automati-
ATT was never officially put into production cally during the search period in accordance
because it required excessive monitoring on the with a previously determined pattern in ping-
part of the sonar operator, without being more listen-train sequence. It consists of electronic
effective than a combination of the sonar gear circuits which, with a motor, furnish electrical
with a BDI attachment. control signals to the transmitter and training

Maintenance of true bearing is a training unit of a sonar system having selsyn training.
system developed to overcome the difficulties Performance tests indicated that EAS was ef-
resulting from rapid changes in target during fective in producing uniform successive keying
an attack. It is used with sonar systems to intervals and a small accumulated error of train.
provide a means for automatically maintaining The system was never adopted for use by the
the projector on any desired bearing with re- Navy because it was superseded by a new auto-
spect to truth north, regardless of the relative matic search plan.

Automatic Target Training

Automatic target training [ATT], a modifica- from a tactical range recorder. The ATT chas-
tion of standard sonar equipment, was devised sis utilizes the BDI input to effect training of
for the purpose of maintaining the sonar pro- the projector in azimuth to follow an echo, and
jector automatically and continuously trained the range recorder input to restrict the training
on the target, once contact has been made. To to follow an echo of a particular range. In this
accomplish this, the ATT unit is supplied with manner a projector and its ATT unit are said to
(1) intelligence concerning the target bearing be automatically focused both in azimuth and
from the bearing deviation indicator [BDI] and in range. The automatic target training pro-
(2) information regarding the target range gram was conducted by HUSL.
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20 AUTOMATIC PROJECTOR TRAINING SYSTEMS

formation electrically from the BDI; these
voltages give right or left sense to a motor-

Icontrol circuit which trains the projector ac-
cordingly. The equipment is made to respond
only to an echo arriving from the proper target
by means of a range gate. The range-gate con-
trol is derived from an attachment to the tactical
range recorder which restricts the function of
automatic training to the time interval corre-
sponding to the range of a particular target.
A pipping circuit is also provided to produce on
the BDI oscilloscope screen a traverse of pips
which appear as two horizontal lines bracketing

the echo.

INFORMATION FROM THE BDI

The first system using BDI information to
effect corrective training of a projector in azi-
muth is shown in the block diagram of Figure 2.
The directional output of the BDI (a model
antedating the X-1 BDI) from the 7- and 10-kc
channels is fed into amplifiers and then into

__ comparison and sum rectifiers. The amplified
outputs of the rectifiers operate relays which
control illumination of colored lamps and an

4indicating meter giving right and left readings.
This circuit, which is the forerunner of all the
later circuits developed for azimuth training,
was modified several times. The final model,

__ -__ which was tested on shipboard, employed as

input the information from the 7- and 10-kc am-
plifiers of the X-3 BDI.

RANGE GATE

In order to restrict the operation of the train-
0 a f 1ing motor to the interval during which an echo

___,,___ of a particular range reaches the projector, and
so make the training circuit unresponsive to
reverberation and to other echoes, a range-
gating circuit was devised. The first range gate,

FIGURE 1. Echo-ranging conversion unit for auto- which was mechanical, had the disadvantage of
tatic target training, requiring the constant attention of an additional

operator. An automatic gate was then developed

3.2 GENERAL DESCRIPTION by modifying the tactical range recorder. An

additional set of contacts was installed and ar-
The function of the ATT is to train the pro- ranged to be engaged by the spring contactor as

jector of underwater sound ranging equipment it reached the range position at which the con-
continuously and automatically in the direction tacts were located. The final automatic range
of a submarine target, once contact has been gate provided an overrunning clutch, using a
made. The ATT system receives right-left in- continuous stainless steel belt running over
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FIGURE 2. Block diagram of ATT chassis Model 1.

spools at the back of the recorder. The contact to the target, and (2) information from the
assembly was connected to the flyback control, range gate relative to the echo returned by the
the handle for which appears on the front of target. Correspondingly, the output of the ATT
the recorder. This method, shown in Figure 3, chassis is also composed of two channels: (1) a
proved entirely adequate and was used in all d-c voltage of the proper polarity and duration
subsequent installations, to produce the corrective azimuth training of

The electronic circuit which has only one the projector, and (2) similarly a d-c voltage
relay (the gating relay) is shown in Figure 4, to move the range gate so that the echo lies cen-
and was used as shown or with slight modifica- trally within the gate. This section describes
tions in all the later ATT chassis. It is ex- the methods by which the ATT output is applied
tremely sensitive and on several occasions gave to motors which effect the azimuth and the
evidence of being able to train on signals which range-gate focusing.
had so little contrast with the prevailing noise Vacuum Tube Motor Drive. The purpose of
background as to be indistinguishable on the the vacuum tube motor drive is to provide means
recorder trace. of controlling both the speed and the direction

In order to make it possible for the sound of rotation of a small two-phase motor from a
operator at the echo-ranging stack to determine low-amplitude d-c input. The direction of rota-
the position of the gate relative to the echo, it tion must depend on the polarity of the input
was found desirable to provide marking lines and the speed must depend on the amplitude of
or "pips" on the CRO of the BDI to indicate the this input. For the requirements of ATT, this
start and end of the gate interval. Figure 5 method was found inferior to some developed
shows circuit producing desired pips. subsequently.
ATT MOTOR CONTROL SYSTEMS Thyratron Drive. The purpose of the thyra-

tron drive is to provide a means of controlling
The input to an ATT chassis consists of two the rotation of a small two-phase motor from

components: (1) the intelligence from the BDI a small difference in d-c potential. More specifi-
regarding the bearing of the projector relative cally, the direction of rotation is to depend upon
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22 AUTOMATIC PROJECTOR TRAINING SYSTEMS

FIGure, 3. Sangamo recorder modified for ATT, steel belt drive.

the polarity of the d-c, the time of rotation is trol used: (1) thyratron-controlled training,
to depend upon the duration of the applied d-c (2) selsyn training systems, and (3) direct
above a small minimum value, and the motor servo drive training.
torque is to be constant rather than proportional Thyratron-Controlled Training. One of the
to the input. Figure 6 is a schematic diagram of earliest methods of training a projector em-
of the two-tube thyratron drive, the first suc- ployed a handwheel generator to energize a
cessful thyratron circuit developed. The four- thyratron drive connected to the training
tube thyratron drive circuit (Figure 7), is mechanism motor. In one case, the directional
essentially a modification of the one shown in output of the ATT chassis is used to drive a low-
Figure 6, which had been developed for a specific power, two-phase motor geared to the hand-
installation in which a higher efficiency was wheel (see Figure 8A). The second scheme,
required. shown in Figure 8B, employs a rectifying and

filtering system to convert the a-c output of the
METHODS OF APPLYING ATT OUTPUT ATT chassis to d-c which is then fed into the
TO PROJECTOR TRAINING thyratron drive. This latter method, however,

The output of an ATT chassis may be coupled has the disadvantage that all the modifying
to the projector training mechanism in three circuits must be off ground to avoid interference
ways, depending upon the kind of training con- with the grounding of the thyratron control

CONFIDENTIAL

I.0!



AUTOMATIC TARGET TRAINING 23

SPRING2050
_6 GATE A

CONTACTS

- SY STE M0

V205

-- F I U E 6 c e a i i a r m o w - h r t o
V-3 6SV7I(R M E EVREANY 

V - P

n 00

B

I0 
TO M O

VR-1

tt o

FIGURE 4. Schematic diagram of electronic range irJ ~ OO

gate system.

TO GATIGIDNO

DEFLECTION
AMPLIFIER

T

RELAY REATOMTR-2R21PHSMOR

V-2 SYSTEM

6 SN T 
2050 2050

FIGURE 7. Schematic diagram of four-thyratron

M f Odrive of d-c motor.

0- -2-
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22

B+actual use.
-4 Selsyn Training System. Figure 9 is a block

diagram of the selsyn system of training con-

-- CATHODE oF trol. To apply the ATT output, a differential
OSCILOSOPE selsyn with the proper phase-correcting con-

FIURE 5. Osciloscope marking circuit. densers is inserted between the generator selsyn
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FIGURE 8. Block diagram of thyratron-controlled training. Two-phase low-power motor manufactured by
Brown Division of Minneapolis-Honeywell Company.

HAND-
WHEEL GENERATOR

EARS

SELSYN AMPLIDYNE
CONTROL

TRANSFORMER

DIFFERENTIAL

SELSYN TRAINING

GEARS MOTOR

GEARS

BROWN IIII MECHANICAL COUPLINGS

OTORM ATT- ELECTRICAL CONNECTIONS PROJECTOR

FIGURE 9. Block diagram of selsyn training system.
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FIGURE 10. Block diagram of direct servo drive training.

and the control transformer. The output of the of direct servo drive training was made (see
ATT chassis is then fed into a two-phase motor Figure 10). The motor driven by the ATT out-
which is geared to the differential selsyn. This put is geared directly to the handwheel of a
method of training control has proved adequate heavy-duty selsyn transmitter. The output of
in several ship installations, this transmitter is sufficient to operate the

Servo Drive Training. Only one application motor selsyn which, in turn, trains the projector
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mechanically coupled to it through a worm gear. in Figure 11 was the final one used on shipboard.
In operating the selsyn transmitter manually, Balance stability was found to exist at the out-
the extra load of turning the motor is appre- put of the 7- and 10-kc amplifiers, and this cir-
ciable and the addition of an overrunning clutch cuit was designed to utilize information obtained
is recommended. from these points and translate it into a form

applicable to the thyratron motor control. By
means of the gating method used, the direction

3.3 TECHNICAL DETAILS OF FINAL of training conforms fairly accurately to the
MODEL BDI information. This circuit also has the ad-

vantage that once the gain controls are set, no
CIRCUIT PRINCIPLES additional centering adjustment is necessary.

The ATT system involves the following units: 5 -4

1. ATT chassis. The ATT chassis contains 0 FROM B0
the electrical circuits which perform the func-
tions of training the projector and actuating the
range-gate mechanism.

2. Bearing deviation indicator. The ATT sys-
tem receives its right-left information electri- -+- +
cally from Model X-3 BDI, which gives a con-
tinuous indication as to whether reflected sig-
nals are being received from directions to the
right or to the left of the bearing to which the
sound projector is pointed.

3. Tactical range recorder. The recorder em-
ployed in the ATT system is equipped with an
auxiliary contact block called a range gate, ,
which may be set to any position along the re-
corder range scale. Its effect is to make the ATT O

system responsive only to echoes arriving from MOTOR CONTROL

the range for which the gate is set. The posi- FIGURE 11. Comparison circuit utilizing 7- and

tion of the gate can be set manually to begin 10-kc channels of X-3 BDI.

with, but once contact has been established with
the target, a small electric motor, mounted on A further modification, not installed on ship-
the recorder, automatically makes the gate fol- board, was designed to make use of the intelli-
low the changing range of the echo. An addi- gence derived from the X-4 "stabilized" BDI.
tional feature of this equipment is that the
length of the transmitting signal is approxi- CIRCUIT ANALYSIS
mately proportional to the range at which the
fly-back is set when the recorder is used to key The block diagram and schematic diagram of
the sound equipment. the ATT system are shown in Figures 12 and 13,

4. Automatic training-control motor. A small respectively.
electric motor is added to the control panel of Motor Control Circuits. Thyratrons V-9 and
the sound stack and geared directly to the hand V-10 (type 2050) constitute the training motor
training wheel. The motor serves to rotate the control circuit used to operate the small two-
handwheel in the proper direction to train the phase motor which turns the manual training
sound projector toward the target when ATT is wheel; thyratrons V-6 and V-7 form an identi-
used. This training-control motor does not offer cal control circuit to operate a similar motor
serious resistance to hand training, which drives the gate contact along the range

With minor modifications, the circuit shown scale of the recorder. The operation of these
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FIGURE 12. Block diagram of ATT chassis.

motor control units is of the on-off type; i.e., the pending on which thyratron is ignited. One

circuits deliver to their respective motors either winding of the motor is connected to the a-c line
full power or no power at all. The control signal through a 90-degree phase-shifting condenser
to each motor circuit takes the form of a d-c and, therefore, the direction of rotation of the
voltage which is established between the control motor depends upon which thyratron is ignited
grids of its pair of thyratrons. When this d-c in the control circuit. Each section of the double
voltage exceeds approximately 1 v, the tube diode V-8 acts as a half-wave rectifier to convert
whose grid is positive ignites and a 60-c a-c volt- voltage from a filament winding into a negative
age is impressed upon one winding of the asso- d-c voltage which is used to bias the control
ciated motor. This voltage is either in phase or grids of both the motor-control-circuit tubes.
exactly out of phase with the line voltage, de- The magnitudes of the control grid biases are
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28 AUTOMATIC PROJECTOR TRAINING SYSTEMS

adjusted by potentiometers R-14 and R-21. The tional to the intensity of the receiver output
bias voltages are set to a value sufficient to pre- during the second half of the gate interval.
vent the thyratrons from igniting when no input When the relay ceases to be actuated, following
signal is supplied to the chassis. the gate interval, C-4 and C-5 are connected in

Automatic Azimuth Training Circuit. The 7- opposite polarity between the grids of the motor
and 10-kc signals from the BDI are amplified by control tubes V-6 and V-7. The final result is
the push-pull stages V-3 and V-4, respectively, that the gate contact on the recorder is moved
and are rectified by the diode elements of V-5 so in the direction of decreasing range if the
as to charge C-6 and C-7, respectively. It will be stronger signal is received during the first half
noted that the charging circuit is complete only of the gate interval, and in the direction of in-
when the relay is actuated. At all other times, creasing range if the second signal half is the
C-6 and C-7 are connected in series across the stronger. This system enables the gate auto-
control grid circuit of the motor control tubes matically to follow an echo in range as soon as
V-9 and V-10. The charging circuit is so ar- manual adjustment of the initial gate has been
ranged that C-6 and C-7 have opposing polarity, made.
and the polarity of the net voltage between the The automatic training-relay coil is energized
control grids of V-9 and V-10 depends on which by plate current through the relay control tube
of the BDI signals, the 7- or the 10-kc, had V-1. Ordinarily, 90 v negative is impressed on
greater amplitude during the period when C-6 the control grids of V-1 through resistor R-41,
and C-7 were receiving their charges. The entire but when the traveling contact finger of the re-
circuit, consisting of the 7- and 10-kc amplifiers corder engages the long gate contact, this bias
V-3 and V-4, the rectifier V-5, and the training- is removed and the relay is actuated for the
motor driving tubes V-9 and V-10, therefore, duration of the gate interval. As explained
serves to drive the manual training wheel in the above, the comparison rectifier circuits of V-2
proper direction, as indicated by the BDI right- and V-5 can charge their associated condensers
left signals, to point the projector toward the only while the relay is closed. It is this feature
target. which makes the ATT system respond only to

Automatic Range Gate Circuit. The motor echoes arriving from a given range interval.
control tubes V-6 and V-7 are controlled by the Mar-king Circuit. Tubes V-11 and V-12 form
net voltage existing across C-4 and C-5, which, a marking circuit which indicates the beginning
in turn, are charged from the grid-controlled and end of the gate interval by creating horizon-
rectifiers contained in V-2. The a-c signal which tal lines on the cathode-ray tube screen of the
is applied to these rectifiers is obtained from the BDI. The control grid of V-11 is normally main-
visual amplifier system of the sound receiver by tained at ground potential through either side
way of an amplifier located in the recorder. Al- of a single-pole double-throw contact of the au-
though V-2 is a double triode, its plate and grids tomatic training relay, but when the swinging
are connected as though the tube were to be contact moves from one position to the other, as
used as a pair of diode rectifiers. Normally, the at the beginning or end of the gate interval, the
grids are supplied with a 90-v negative potential control grid of V-11 momentarily receives a
through resistors R-2 and R-3 and no rectifica- large negative bias through R-31. The sudden
tion takes place. However, when the traveling change in plate current of V-11 causes large volt-
contact finger of the recorder crosses the gate age surges to occur in the secondary of T-5.
contact block, first one grid of V-2 and then the These are delivered to the horizontal deflection
other is grounded and rectification occurs, amplifier of the BDI to produce the desired

At the same time, the automatic training re- marks on the cathode-ray screen. Tube V-12
lay is actuated. The result of this entire per- consists of two triode elements which are con-
formance is that C-4 receives a charge propor- nected across the cathode resistor of the BDI
tional to the intensity of signal delivered by the cathode-ray tube. The voltage surges from the
sound receiver during the first half of the gate secondary of T-5, which serve to produce the
interval, while C-5 receives a charge propor- horizontal marks on the BDI cathode-ray screen,
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FIGURE 14. Selsyn system.

are delivered to the grids of V-12. As a result, Figure 16 is indicative of the results obtained
V-12 draws increased current, which decreases during Run No. 2, when the range was changed
the cathode bias of the cathode-ray tube and fairly rapidly between 700 and 1,100 yd. The
brightens the cathode-ray spot. mean deviation in this case is somewhat larger

than for Run No. 1. The accuracy of these
graphs is not absolutely known since the mech-

3.4 PERFORMANCE anism operating the sound recorder was subject
to an inherent error of ±10 yd. Additional data

Tests were performed on a typical installation and curves are given in reference 2.
(see Figure 14), to check the performance of the
ATT gate. Ranges indicated on one recorder
were tabulated with the corresponding positions 3.5 CRITIQUE OF FINAL MODEL
of the range gate automatically indicated on an-
other recorder, the stylus of which was servo The outstanding difficulty present in the ATT
driven from the ATT resistor strip. A number system is the requirement of excessive monitor-

PR
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_R /p 5 _ R PRR -P __w, _ 1 "0800 -- 

E100 
't

Zo PP -1 PO R RoP T PSTOow 600 - - 0_ E_ _ _00 P_ _ _ _
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200- P=RAE POINCTION20 P=GATE POSITION
R=RCO__ER_ INIATIO R=RECORDER INDICATION0 1 1 1 1 0 1 1 1 1

0 i 5 _L 3 1 5w 1 7_7

8 4 8 2 4
TIME TIME

FIGURE 15. Performance of automatic range gate, FIGURE 16. Performance of automatic range gate,
Run No. 1. Run No. 2.

of runs were made, using surface ships at rest ing by the sonar operator. This is particularly
for targets on a day when echo-ranging condi- true in the presence of wakes and false targets.
tions were excellent. Most of the equipment problems were solved, al-

Typical results of these runs are shown by though relay contacts continued to be a source
Figures 15 and 16. The graph of Figure 15 is a of trouble.
plot of the data of Run No. 1, taken at slow Conclusions drawn from tests have been pre-
speed with a slowly closing range. The mean de- pared in reports 1 and are summarized as fol-
viation was found to be 17 yd. The graph of lows:
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The ATT functions as designed and will fol- Maintenance of True Rearing
low even weak echoes as long as there are no in-
terfering echo sources. In some cases, it even Maintenance of true bearing [MTB], devel-

discriminates to a remarkable extent between oped by the New London Laboratory of CUD WR,
submarine echoes and interfering echoes. designates an automatic projector training sys-

The performance of average sound school tern developed for use with sonar equipment for

operators on manual BDI is approximately surface vessels. The MTB provides a means for

equivalent to their performance on ATT. Under automatically maintaining the orientation of the

difficult conditions, the average operator's abil- projector on any desired true bearing as estab-

ity to hold contact is not increased by the use of lished by the sonar operator through a hand-

ATT. Inasmuch as ATT requires the same de- wheel, even though the vessel changes course.

gree of operating skill, it is not felt that it is as In its final form, the MTB consists essentially

good as ordinary manually operated sonar with of a synchro differential generator for combin-

bearing deviation attachment. ing ship and projector bearing information; a

In view of the additional complexity and main- synchro control transformer, driven by the dif-

tenance problems without added advantage, it ferential generator and governing the operation

is not recommended that ATT be adopted as a of the projector training motor; and a synchro

standard attachment. However, it is recom- generator-motor system for obtaining true bear-

mended that development be continued toward ing indication. Although it was originally de-

the end of applying fully boosted right-left in- signed for installation in a new type of console,
dications to the follower system. the equipment was also made available in the

form of conversion kits for use with both ampli-
dyne- and thyratron-controlled types of gear

3.6 Ralready in service. Several hundred projector
RECOMMENDATIONS FOR FUTURE training mechanisms were equipped with MTB

DEVELOPMENT by the Navy and were found satisfactory.

In the time since active work on the ATT was REVOLVING RELATIVE BEARING DIAL HANDWHEEL

suspended, consideration has been given to vari- FIXED TRUE BEARING DIAL PROJECTOR BEARING

ous methods by which the performance of ATT
could be significantly improved. An all-elec-
tronic ATT system has been proposed which
would improve the construction and operating
characteristics of the electronic circuits. This
system is described fully in a HUSL completion
report on ATT.'

Briefly, the features of this proposed system
are as follows:

1. Elimination of all relay contacts, and elim-
ination of the tactical range recorder as a source
of range information.

2. Elimination of manual monitoring through ,
increased accuracy, training proportional to
bearing deviations, utilization of doppler en- -
hancement to increase target echo sensitivity !
and to minimize response to wake echoes.

The all-electronic ATT system, with improve-
ments in the servo mechanism, has not been
tested experimentally but it would appear to
offer the most promising lines upon which to
attack the ATT problem. FIGURE 17. Model 1 MTB experimental unit.
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3.7 GENERAL DESCRIPTION bearing (angle B) as his ship yaws and maneu-
vers.

Maintenance of true bearing is a system in-
tended for addition to previous sonar equipment
to make the projector maintain automatically 38 DEVELOPMENT OF SUCCESSIVE
any desired bearing with respect to true north, MODELS

regardless of the relative bearing with respect
to the ship. MTB incorporates three features: MODEL 1

(1) a differential action which registers and In the first design the ship's gyro repeater,
combines the rotation of the projector shaft a step-by-step d-c motor, fed the information
within the ship and the rotation of the ship in of the ship's bearing (angle A of Figure 18)
space; (2) translation through a suitable con- into a planetary differential gear box. The in-
trol mechanism of the resulting indication of stantaneous relative bearing of the projector
the desired projector bearing into automatic (angle B of Figure 18) was fed to the differ-
maintenance of this bearing; and (3) provision ential gear box by a 5F synchro motor. This
of means for superimposing changes in true synchro motor was actuated by a synchro gen-
bearing as desired by the handwheel operator. erator geared to the projector (see Figure 19).

In the operation of final models of MTB, in- The differential gear automatically added the

two angles fed into it and caused a shaft carry-
N ing the body of a potentiometer to take up a

position corresponding to the angle A + B-the
instantaneous true bearing.

A ~This potentiometer was a part of the power
supply circuit for the projector training motor.

7ARGEr Its body was a plastic plate carrying two seg-
------- mented brags rings connected by a network of

FIGURE 18. Target bearing angles. resistors to form a center-tapped potentiometer.
(A later model is shown schematically in Fig-

dication of true bearing is furnished in the form ure 22.) The wiper-arm center tap was on a
of synchro signal voltages from the ship's gyro separate shaft controlled by a handwheel.
compass repeater system. If these voltages are Assume the operator set this handwheel at a
delivered to the stator of a differential gener- desired true bearing angle (A + B) which was
ator, the rotor reports its position with respect the same as the existing true bearing angle at
to true north. Since the rotor of the differential which the differential gear had placed the body
generator is also subject to mechanical changes of the potentiometer. The wiper-arm then fell
in position through operation of an associated at the zero voltage position and the training
handwheel, the output voltages of the differ- motor was not actuated. However, if the ship
ential generator will be the resultant of (1) changed its course the same relative projector
the position of the gyro compass repeater sys- bearing would correspond to a different true
tem, reporting the ship's true bearing, and (2) bearing and so the differential gear would turn
the manually established position of the dif- the potentiometer body to a new position. This
ferential rotor reflecting desired true bearing would leave the wiper arm no longer at the
of the projector. zero point and so the potentiometer would feed

These features make it easier for the operator voltage to the training motor. This caused the
to keep a projector trained on the target. On latter to rotate the projector until the exciting
a sonar gear having MTB, the operator need voltage disappeared; i.e., until the original de-
only adjust the training handwheel to correct sired true bearing was regained. The system
for gradual changes in true bearing of the tar- thus automatically maintained the projector on
get (angle A + B of Figure 18) instead of hav- any true bearing selected by the handwheel
ing to keep up with rapid changes in relative operator.
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FIGURE 19. Block diagram of Model 1 MTB system.
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FIGURE 20. Block diagram of Model 3 MTB system.

The bearing indicator dials were actuated by bearing, and desired projector true bearing,
gear trains from the gyro repeater, from the respectively.
differential gear output, and from the hand- Since the mechanical construction of the dif-
wheel to show ship's bearing, projector true ferential gear was rather heavy and utilized
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sleeve-type bearings, it was necessary to oper- tests the Model 3 unit was installed in the
ate its two driving motors at relatively high Mark I modified QC rack.
speeds into worm reductions. Another disad-
vantage of the unit was that it required con-
siderable "running-in" before proper operation

could be obtained. In Model 4A the mechanical construction of
the potentiometer was simplified by combining

MODELS 2 AND 3 the two segmented rings into one and displac-
ing the wiper arm contacts 180 degrees from

The next model was built to smaller scale, each other.
and was of lighter construction, utilizing ball Shortly thereafter a new system, here called
bearings wherever possible. The worm gears Model 4B, was devised wherein the planetary

FROM BRIDGE
GYRO

INDCAOROR HANOWHEEL

IA+B3

SYNOHRO A+11 CONTROL A+B ROTATING
DIFFERENTIAL TRANSFORMER AMPLIFIER MOTOR J POTENTIOMETER MOTOR TRAINING
GENERATOR POWER MOTOR

SUPPLY
B - I.. , ---------------------------------- "O-

~-PROJECTOR
- - -MECHANICAL LINKAGES

-ELECTRICAL CONNECTIONS

FIGURE 21. Block diagram of Model 4B MTB system.

were eliminated and the differential gear was differential gear was replaced by a differential
driven by two 5F synchro motors rotating at synchro generator [DG].
the same speed as the projector shaft. However, The stator of this machine received the ship's
friction in the gears still demanded too much bearing signal from the gyro repeater lines
torque from the synchros. Model 2 also included while the rotor was geared to the projector
a rotating optical system intended to provide shaft (Figures 21, 22, and 23). The synchro
a concentric range indication. This was subse- performed the necessary addition and provided
quently abandoned. an output signal corresponding to the projector

In Model 3 both synchro motors were re- true bearing. One of the previous servos was
placed by servo systems to provide more power used to rotate the potentiometer body in ac-
for operating the differential gear (see Figure cordance with this signal. A separate synchro
20). Each of these consisted of a control trans- motor repeated the ship's heading to the bearing
former [CT] feeding a small two-phase Brown indicator in this model. Provision was made
Instrument Company motor through a single- for switching back to manual control if the
stage vacuum-tube amplifier circuit. After sea ship's gyro system ever failed. This type of
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FIGURE 22. Schematic wiring diagram of Model 4B MTB system.

unit was installed in the Mark II modified QC an amplifier, with the proper polarity to bring
sonar rack. the projector into the desired true bearing.

In Model 5A the bearing indicator received
the projector true bearing from a synchro

MODELS 5A AND 5B motor actuated by the differential generator.
The next improvement was to replace the In an emergency, reversion to manual control

special rotating potentiometer by a commercial of relative projector bearing was possible by
control transformer (Figure 24). The trans- driving the DG stator from a 115- to 78-v trans-
former stator received the existing projector former instead of from the ship's gyro system.
true bearing signal from the DG synchro as A variation of the above, Model 5B, was to

before. The transformer rotor was adjusted by interchange the roles of the DG rotor and the
the operator's handwheel to the desired true CT rotor, the former now being controlled by
bearing. If this orientation differed from that the handwheel and the latter geared to the
of the stator signal an error voltage resulted projector (Figure 25). With this arrangement
which was applied to the training motor through the two signals received by the differential gen-
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erator were the ship's bearing (angle A) and
the desired projector true bearing angle
(A + B). The differential generator was con-
nected so as to subtract these, producing a signal
corresponding to angle B, the necessary pro-
jector relative bearing. Any deviation between
this direction and the existing projector relative
bearing, reported by the CT rotor, produced a
CT output voltage. This voltage when ampli-
fied, operated the training motor to correct the
error.

As it had been found that complete separation
/ of the indication system from the training sys-

tem led to smoother operation, a separate syn-
chro generator geared to the projector was used
in the final design to provide projector bearing
indication. Figures 26 and 27 show part of the
Model 5 type of equipment.

3.8.1 Conversion Kits

FIGURE 23. Remote control unit of Model 4B MTB The above equipment was originally devel-
system. oped for inclusion in the new console type of

FROM BRIDGE
GYRO _ MECHANICAL LINKAGES

.- O__ ELECTRICAL CONNECTIONS

SYNCHRO __ BERN
MOTOR INIATRHANDWHEEL

I I
15-78V L '-

SYNCHRO[TRANSFORMER] A MOTOR1 GARB ]f l '

FF-1SYNCHRO A+B ONRL l ! "DIFFERENTIAL
GENERATOR TRANSFORMER AMPLIDYNE

KI T A - -- - -- ---. ,.......,

AMPLIDYNE -CONVERSION KITS CONTAINED THE
NEW PARTS INDICATED BY THE ABOVE SYMBOLS.
THEY ALSO REQUIRED SOME REARRANGEMENT
OF THE OLD PART RETAINED

FIGURE 24. Block diagram of Model 5A MTB system.
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FIGURE 25. Block diagram of Model 5B system.

FIGURE 27. Bearing indicator of a Model 5 MTB

FIGURE 26. Model 5 MTB unit. Interior view, system.
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QC racks. However, in order to hasten the of the WEA-1 kits were installed by the Navy.
introduction of MTB into operating units of Laboratory trials and sea tests indicated that
the Navy, parts kits were assembled for the the application of MTB to RCA thyratron-con-
conversion of four types of existing sonar equip- trolled gear would be unsatisfactory. The re-
ment. versing relays involved in this equipment would

Two kits were made for converting RCA and not permit smooth MTB operation.
Submarine Signal Company amplidyne-con-
trolled QC gear to the MTB system described 3.9 PERFORMANCE
above as Model 5A. The parts included are
indicated in Figure 24. Kit A was for use It was found that the need for MTB increases
with systems having a 36-speed gyro, whereas as the size of vessels using echo ranging de-
Kit B (Figure 28) was for systems having a creases, because of the general instability and

FIGURE 28. Conversion Kit B, for amplidyne-controlled QC systems having a single-speed gyro.

single-speed gyro. Installation and operation yawing tendencies of the small boats. It is
manuals were prepared by the Navy. felt that for boats as small as submarine

A kit was built to convert Submarine Signal chasers, echo ranging without the assistance
Company thyratron-controlled QC gear, and of the MTB systems becomes relatively inef-
another was prepared to convert WEA-1 and fective. Tests indicated that the addition of
QCU gear. These followed the Model 5B system, MTB to echo-ranging gear on the highly ma-
as indicated in Figure 25. While the first three neuverable submarine chasers produced a much
kits demanded only minor additions to the more useful attack combination.
training motor amplifier, the WEA-1 conver- Sea tests of gear converted to MTB by parts
sion included a complete new thyratron amplifier similar to Kit A (see Figure 24) indicated a
circuit and required remachining the rotor of static follow-up accuracy of the entire system
the existing training motor to give it more between 1/2 and -3/, degree. Operation was
power. Details may be found in the instruc- substantially as rapid as that of the original
tion manual listed in the bibliography. None training control.
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Electronic Automatic Search KEYING ANGLE OF TRAIN PING
RATE LENGTH

Electronic automatic search [EAS] comprises
a system of electronic circuits which, with a
motor, can be employed to operate a ship's sonar
transmitter and training unit automatically
during the search period in accordance with a -

previously determined pattern in a ping-listen- : !
R

train sequence. The present device is intended _____O RIN

for use only with sonar systems having selsyn OFTRI

training. The EAS equipment was not adopted
for Navy use because the ping-listen-train cycle PILOT

was superseded by a new automatic search plan L GHT

that involved continuous slow-speed training of ON

the sonar projector. The development of elec- OFF SLEWING BUTTON
tronic automatic search 'was carried on by the
Harvard Underwater Sound Laboratory. FIGURE 29. External view of experimental EAS.

a~n FINAL MODEL
3.10 GENERAL DESCRIPTION

The final EAS system (see Figure 29) has the
EAS provides, with a minimum of mechani- following characteristics:

cal parts, a means for training automatically 1. Keying rate continuously adjustable be-
an echo-ranging sonar system having selsyn tween 11/2 and 15 see, corresponding to ranges
training in accordance with a predetermined above 1,250 yd.
search plan. The circuit keys the sonar system 2. Training angle for each cycle continuously
for a ping of adjustable length, allows a listen- adjustable between 2 and 12 degrees.
ing period of adjustable length, then causes 3. Ping length variable between 25 and 150
the projector to train (either to right or left, yd (30 to 180 msec).
as desired) any given number of degrees, keys 4. Training direction reversible by means of
the next ping, and then repeats this cycle a toggle switch.
continuously. The adjustments of ping length, 5. Pushbutton control of slewing.
keying rate, degrees trained, and direction of 6. Simple maintenance and installation.
train are operable separately and without af- Subsequently, some circuit simplifications
fecting one another. The electronic circuit were introduced and the speed of training was
consists of a power supply and the components increased, but further development of the EAS
which carry out the listen-train-ping cycle. The was terminated before these modifications could
motor provided with EAS drives the handwheel be crystallized.
of the original manual training mechanism of
the sonar system. DESCRIPTION OF THE CIRCUIT

DEVELOPMENT The circuit illustrated in Figure 30 consists of
a positive and negative power supply and com-

The first EAS circuit developed employed only ponents which carry out the listen-train-ping
five tubes and was supplied directly with alter- cycle of EAS. Thyratron V-4, the pulsing tube,
nating current, which was rectified in the parts controls the echo-ranging cycle; thyratron V-6,
of the circuit where direct current was needed. the motor-operating tube, controls the training
However, trouble was encountered in maintain- section; V-5B, the relay-operating tube, controls
ing balance with this system, so the circuit was the keying section of the circuit.
modified and fed from a rectifying system. Power Supply. Transformer T-1 and tubes
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IR drop across R-24 raises the grid potential of nearly the same for long and short training pe-
the keying tube V-5B until the latter conducts. riods, and thus tends to make the ping length
The relay in the plate circuit of this tube then setting more nearly independent of the length of
closes contacts of the sonar system which causes train setting.
the beginning of a ping. As C-8 gradually dis-
charges, the V-5B grid potential falls once more
until the tube ceases to conduct, the relay opens, INSTALLATION
and the ping is broken off.The listen-train-ping cycle now repeats, with The two-phase motor is mounted in such amTohe circitatretduring cycle w t listn way that it will drive the handwheel of themost of the circuit at rest during the listening original manual training mechanism of the sonar
period while the charge in C-6 is building up. system. Wires from the EAS relay are con-

Controls. The point on C-6's charging curve nected across the hand key of the system.
at which the V-4 grid reaches the firing, poten As soon as a connection is made to the a-c
tial may be varied by means of the sliding con-
tact on R-5. This rheostat therefore governs power surce, te eersind t negatithe keying rate of the system. The length of the power supply are energized. A slight delay is

the eyig rte f te sste. Te lngt ofthenecessary before closing S-2 to protect the thy-training period is governed by the slides on R-11 rateos fo h ltg uti tecthes
which determines the point on C-5's discharge have com e ute ter S-2ois
curve at which the V-6 grid will fall below cut- have come up to temperature. After S-2 is

off. The ping length may be varied by means of closed, about 20 sec are required for the V-4 gridto take up its operating potential. The circuit
R-13, which controls the rate of discharge of so te b i operationalTh about

condnserC-8 Thetimeranes oer wichsh .ould then be in operation, although about 15condenser C-8. The time ranges over which

these three controls may be varied depend prin- minutes are required for all the components to

cipally on the constants built into the three tim- reach a steady temperature.

ing networks involved: R-3-C-6, C-5--R-9, and
C-8-R-13-R-24. PERFORMANCE

The slewing button raises the normally nega-
tive V-6 grid to ground potential and so causes Bench tests and tests on board a laboratory
the training motor to operate for as long as de- vessel at sea showed that successive keying in-
sired. tervals were uniform within less than 1/, sec

The switch shorting C-5 through 100 ohms is (once a steady temperature had been reached),
a pair of contacts on the relay which closes dur- and that the accumulated error of train was not
ing the ping (after the training period is over), over 3 degrees for 18 c when the device was
The shorting tube V-5A prevents the negative operating on 5-degree steps. In general the cir-
power supply from driving the V-4 cathode neg- cuit behaved as expected.
ative during the listening period, through the Not enough continuous sea duty was accumu-
charging line R-18-R-20--R-11. The combined lated by EAS before the project was terminated
effect of the switch and V-5A is to insure that to permit an evaluation of its ruggedness. How-
the V-4 cathode is always at the same potential ever, a higher margin of safety would be pro-
(ground) when ready to pulse, regardless of the vided by replacing the duplex 6SN7's by single
keying rate chosen. tubes such as 6Y5's which are specially designed

While C-8 is being charged, tube V-7B acts as for high voltage between heater and cathode. A
a by-pass around the 40,000-ohm resistor R-24, time-delay relay to allow the thyratron cathodes
and so reduces the time constant of the charging to warm up before applying plate voltage might
circuit. This makes the final charge in C-8 more also be desirable.
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Chapter 4

SONAR DOPPLER APPLICATIONS,

T HE FREQUENCY SHIFT known as the doppler use of selective circuits in the sonar receiver,
effect is a conspicuous feature of under- whereas DCG provides for an automatic in-

water echo ranging. The magnitude of the crease in the gain of the sonar receiver for
frequency shift arising from motion of the dopplerized echoes having frequencies different
vessel carrying the sonar equipment impairs from that established by the ODN. On the other
the freedom of the designer to utilize sharply hand, the electronic aural responder [EAR] is
selective circuits, whereas the smaller fre- a device which received little experimental test-
quency shifts arising from target motion pro- ing, since it was conceived late in the research
vide useful tactical information if the sonar program. It is worthy of further study, how-
operator can be trained to interpret the infor- ever, since it appears to be capable of producing
mation. This chapter is concerned with the objective responses equal to, or surpassing, the
design of electronic equipment intended to discrimination afforded by the human ear.
mitigate the handicaps and enhance the bene- The reverberation suppression filter [RSF]
fits accruing from this phenomenon. Because constitutes a band-elimination filter intended to
all these doppler devices have a common back- perform a function similar to that of DCG. The
ground, it is expedient to present a description principle is sound for the purpose intended, but
of the entire group in a single chapter. it does not appear to be as universally applicable

For each device described, the design ob- as DCG. The target doppler indicator [TDI]
jective has been the production of equipment presents frequency shift information on the
which could be added to sonar equipment al- screen of a cathode-ray oscilloscope. The device
ready in service. This requirement has in many achieved its objective, but was not adopted by
instances interfered with the attainment of the Navy because the added information avail-
compactness, reliability, and ease of operation. able to an operator did not appear to warrant
Since many circuit elements are common to the size and complexity of the apparatus in-
more than one of the devices, their use in com- volved. The echo doppler indicator [EDI] is
bination would result in smaller and less com- essentially a vibrating reed frequency-meter
plex equipment. In addition, the design of such which gives visual indications of the frequency
combinations would provide an opportunity for shifts in reverberation and echo signals and is
more thorough engineering than is achieved in calibrated to read directly in range rate. In
the auxiliary units which are described, echo-ranging tests it performed as intended

The individual devices are presented in ap- and, in addition, showed potential value as an
proximately the order of their acceptance by, analyzing device for the study of reverberation
and importance to, the Navy. Thus the own- doppler. The audible doppler enhancers [ADE]
doppler nullifier [ODN] and doppler controlled were successful in magnifying the frequency
gain [DCG], which form the subject of the shifts, but the methods utilized introduced so
first two sections, have been generally accepted much degradation of tonal quality as to make
and incorporated integrally in the QGB and their use unacceptable. The basic objective of
XQHA sonar equipment. The ODN operates to ADE is sound and it is to be expected that
eliminate the considerable frequency shift further development along the lines recom-
caused by own-ship's motion and permits the mended would yield useful results.
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Own-Doppler Nullifier

The own-doppler nullifier [ODN] is a device
designed to eliminate the effects of own-ship's
motion from the audible signal heard on the
sonar receiver. With ODN, reverberation sig-
nals received in a sonar system generate an
audio frequency of a predetermined fixed value
regardless of the doppler caused by the motion
of the transmitting vessel. Later ODN units
were of the electronic automatic frequency con-
trol type, utilizing a discriminator circuit which
samples the reverberation to effect an appro-
priate frequency correction of the receiver oscil-
lator. In its final form, ODN adequately fulfilled
the purposes for which it was designed; i.e., to
make possible (1) sharp audio filtering without
operator attention, and (2) use of devices de-
pendent on target doppler alone. The ODN
equipment, in conjunction with doppler con-
trolled gain [DCG] was approved by the Navy
for installation on a number of vessels. Sea tests
indicated a maximum speed of approximately 20
knots for efficient operation. The development
of the own-doppler nullifier was carried out by
the Harvard Underwater Sound Laboratory.

FIGURE 1. Model IH-C AFC-ODN chassis.
4.1 INTRODUCTION

sides of the center frequency or to find some
The purpose of the ODN is to cause rever- method of nullifying the frequency shift pro-

beration signals received in a sonar system to duced by the ship's motion. Since the most
generate an audio frequency of a predetermined, favorable signal-to-noise ratio is secured with
fixed value regardless of the doppler caused by a narrow transmission band in the receiver at
the motion of the transmitting vessel. a predetermined fixed frequency, a means of

The transmitted frequency used in the sonar eliminating the doppler produced by own-ship's
devices with which this report is concerned is motion is highly desirable. Own-doppler nulli-
commonly about 20 kc. Antisubmarine vessels fication, furthermore, is desirable in devices
usually operate at speeds from 8 to 15 knots which utilize target doppler.
during search. For this frequency and speed One method of neutralizing own-doppler is
range the own-doppler shifts range up to about to vary the frequency of the BFO manually as
200 cycles per second. the speed of the ship or the transducer bearing

In the sonar receiver the signal is usually is altered. This adjustment is seldom practiced,
heterodyned by a beat-frequency oscillator however, as it requires some skill and the almost
[BFO] to a frequency of 800 cycles per second. constant attention of the operator.
Because the transducer bearing may vary from The automatic methods of securing own-
directly ahead to directly astern, the doppler doppler nullification may be classified as fol-
may increase or decrease the beat frequency by lows.
any value from 0 to 200 cycles per second. It 1. Computed-correction method.
is, therefore, necessary either to widen the pass a. Applied to the transmitter.
band of the receiver proportionately on both b. Applied to the receiver.
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2. Automatic frequency control based on to the cosine of the bearing angle. A selsyn
reverberation sampling, repeater is used to reproduce the transducer

The later ODN units are all of the electronic bearing at the yoke. The speed plates are ad-
AFC type, utilizing a discriminator circuit justed vertically by a manual control in ac-
which samples the reverberation to effect an cordance with the speed of the ship. To effect
appropriate frequency correction of the receiver control of the transmitter frequency, the ODN
oscillator. The first models of the reverberation condenser is connected in parallel with the
controlled ODN suffered from a frequency in- tank condenser of the QC driver.
stability which was remedied in later models by An inspection of Figure 2 will reveal how
increasing the length of the sampling period, different positions of the movable plates pro-
When fairly satisfactory performance had been duce the capacitance correction required for
secured, the ODN unit was combined with other various speed and bearing combinations. Since
devices or circuits for improving echo recep- a doppler of 200 cycles per second is a rela-
tion, such as TVG, RCG, RSF, TDI, and DCG. tively small percentage of the transmitter fre-
A particular combination of ODN, RCG, and
RSF, known as the ERB underwent an exten- TOP VIEW OF CONDENSERS

sive test program. At the conclusion of these
tests a final chassis was developed which con- PORT

sists only of ODN and DCG. In its final form BEARINGCOSINE PLATE
the ODN device adequately fulfills the purposes STERN '

for which it was designed; that is, to make SCOTCH YOKE SPEED PLATE

possible (1) sharp audio filtering without op- DRIVE MANUALLY ADJUSTED

erator attention, and (2) the use of devices STARBOARD SRELATIVE BEARING

dependent on target doppler alone. The ODN- OPERATED BY SELSYN REPEATER

DCG combination received Navy approval and FIXED PLATE MAX

was adopted for incorporation in QGB, XQHA,
and all later sonar equipment. OCIRACUIT

Further development work is recommended OF QC DRIVER

for both the computed correction and the AFC FIGURE 2. Circuit of computed-correction ODN,
types of ODN. In the case of the former, transmitter type.
superior operating reliability and direct in-
dication of own-ship's speed are advantages quency (20 kc), only small changes in capaci-
which may be obtainable; with the latter, re- tance are required to bring about the necessary
finements in design leading to satisfactory changes in transmitter frequency. The inverse
operation under a wider range of service con- relation between the capacitance changes in the
ditions seem both possible and desirable. ODN condenser and the corresponding fre-

quency changes is therefore assumed to be
linear. The design of the square plates, shown

4.2 Din Figure 2, is based on this linear relation.
NULLIFIERS Throughout the period of its use this ODN

functioned satisfactorily except for a minor

Cm t- i Oinsulation breakdown caused by the high vol-SComputed-Correction ODN~ Models tage applied to the tank condenser. Improved

insulators eliminated this trouble. Manualspeed adjustment was made by training the

The first "mechanical" ODN was designed transducer rapidly from 0 to 90 degrees rela-
around the special variable air condenser shown tive bearing while the speed control knob was
in Figure 2. The bearing cosine plates are turned, until a difference in pitch of the audio
caused to move to the right or left by a scotch output was no longer heard during the rapid
yoke, the displacement of which is proportional training of the transducer. The ship's speed
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0 C RECEIVER

60-KC IF - MIXER 800 A AF SPEAKER

60.8-K C 800 .

OSCILLATOR DISCRIMINATOR]
I MODIFICATION

MOTOR CONTROL I TO MAKE ODN
FREQUENCY AMPLIFIER FULLY AUTOMATIC

CONTROL TUBE _ |

SPEED POTENTIOMETER +..I-iY SWITCH I

270 I1 BROWN MOTOR TOI DRIVE SPEED I
RELATIVE BEARING - I POTENTIOMETER

COSINE POTENTIOMETER 180* -.
TO BE OPERATED BYgo
SELSYN REPEATER 90 SPEED INDICATOR DIAL

SDC VOLTAGE

FIGURE 3. Computed-correction ODN, applied to BFO.

as determined by its revolution counter was warranted giving it sea tests. Bench perform-
found to agree within 0.2 knot with the speed ance of the device was satisfactory except for
indicated by the ODN speed control. The own- the instability which develops when the bearing
doppler nullification secured in this manner potentiometer is set at 90 or 270 degrees. At
made it possible to use an audio filter without these settings the output of the potentiometer
repeated adjustments of the beat-frequency is zero. Under this condition, the speed potenti-
oscillator so long as ship's speed and course oreter can effect no control, and any departure
remained constant. When these were changed, from the reference frequency at the receiver
however, by action of the engine or the rudder, output causes the motor to run to the limit of
it was necessary to keep readjusting the ODN the potentiometer in an effort to make a correc-
speed control knob to maintain accurate own- tion. This difficulty could be cured by disabling
doppler correction. the motor for the particular bearing angle set-

In order to make the speed adjustment of tings of 90 and 270 degrees.
the ODN automatic, it was planned to equip a Because of the priority assigned to the elec-
speed log of the pitometer type with suitable tronic AFC type of ODN, the development of
linkages to effect the speed control. Before this the combination ODN was also discontinued at
project was carried out, it was realized that the the completion of the bench tests. The com-
electronic AFC type of ODN operating by re- bination type suffers from the disadvantages of
verberation sampling was a simpler device, so complexity and of instability when the trans-
research on the mechanical ODN was termi- ducer is trained abeam. It has the advantage,
nated. however, that a dial, indicating the contact

position on the speed potentiometer, can be used
APPLICATION To RECEIVER as a ship's speed log. This is a desirable feature

for ships not equipped with a speedometer.
Another type of computed-correction ODN is Such a speed log, moreover, is not affected by

illustrated by Figure 3. In this ODN the BFO rudder action. A comparable means of indicat-
is controlled by a reactance tube which is con- ing ship speed in a simple manner had not been
nected across the tank condenser. This ODN developed for the AFC types of ODN up to the
never reached a stage of development which time of writing.
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Au.o2 Fof 800 cycles per second despite slight varia-
Automatic Frequency Control ODN tions in the intermediate frequency. The ac-

MODEL I curacy of this balanced system depends both on
the volts-per-cycle-per-second deviation devel-

Automatic frequency control consists essen- oped by the frequency discriminator and the
tially of a balanced self-correcting system in cycle-per-second-per-volt correction obtained
which a variation of the output frequency is from the reactance tube. The output of the

discriminator is applied to the reactance tube
Q C RECEIVER through contacts controlled by a relay. An RC

_EK [--ER----- OOAF I  filter is also included in the circuit (see Figure

SPEAKER so 100 120

OSCILLATOR 60 RELATIVE BEARING OF PROJECTOR 140

FREQUENCY PRATNE FREQUENCY D
CONTROL TUBE TUBE DISCRIMINATOR

40 160
-C R \( 2 D

T ~RELAY0
R C FILTER CLOSED FOR SHORT

INTERVAL AT END OF 20 180
TRANSMITTED PULSE

FIGURE 4. Block diagram of electronic AFC type
of ODN.

0 200

reflected into the system to effect a return to the
original output frequency. Figure 4 illustrates
a method by which AFC principles may be 340 220

applied to an ODN system. The input for the
AFC circuit is derived from a receiver in which
the incoming signals are heterodyned to an in-

320 240
DC

OUPT300 280 260

FIGURE 6. Projector receiving pattern.

_" .L! 1 4). The functions of the relay contacts are (1)
FIRST AFC ODN DISCRIMINATOR CIRCUIT to restrict the time in which the frequency

iF -*1 _ correction is made to a short interval immedi-
ately following the transmission of a ping, when

DC
OUTPUT the reverberation signal is strongest, and (2)[]P E • to prevent the condenser charge from leaking

RCA GB ODN DISCRIMINATOR CIRCUIT off through the discriminator components after
FIGURE 5. ODN discriminator circuits, reverberation has ceased. To prevent a dop-

plerized target echo from disturbing the AFC
termediate frequency of 60 kc. After amplifi- system, the relay was first adjusted to restrict
cation, the intermediate frequency is again het- the correction interval, or sampling time, to a
erodyned by the BFO to an audio frequency of range of not over 30 yd. In succeeding models
800 cycles per second. this was increased to 60 yd, and as explained

The action of this circuit tends to keep the later, still longer sampling times were ulti-
receiver audio output at a constant frequency mately found desirable.

CONFIDENTIAL



46 SONAR DOPPLER APPLICATIONS

The first ODN of the AFC type consists of a
Foster-Seeley frequency discriminator circuit
and the necessary relays to provide the proper Tests of the first automatic frequency control
correction sequence. An improved variation of ODN led to the conclusion that limiting and
this circuit is used in later ODN models, includ- power amplification before the discriminator
ing the one finally installed in the RCA-QGB were needed. The added power required for
equipment. The essential difference between the these tubes made it necessary to provide a
two versions lies in the method of connecting separate power supply. The second model of

QC PROJECTOR

AMPIFIER IXR AMPFE, ,XER AUDIO OUTPUT SPEAKER

BEAT

FREQUENCY
SHETERODYNEI ROG OSILAOFF

OSCILLARRSF

ON FREQUENCY ON
CONTROL
TUBE ON

ODN9FF

RSF NOTCHING FILTER ODN
800,-. STORAGE

TUNED CIRUIT CAPACITOR

I -- -.- ]SWITCHES
AMPLIFIE AMPLIFIER RECTIFIERS

RECTF PHASE COMPARISONRECTIFIERS TRANSFORMER

FIGURE 7. Block diagram of echo-ranging booster.

the rectifiers, as shown in Figure 5. A com- ODN, incorporating these modifications has its
parison of the diagrams indicates that the first own power supply, two stages of limiter ampli-
ODN circuit will give two or three times as fication, and a power amplifier. A metering
much d-c output voltage, for a given a-c input, tube for a target doppler indicator [TDI] and
as will the revised circuit. The first circuit, time-varied gain [TVG] (see Section 2.2) are
however, is not symmetrical. Reverberation ir- also included in the chassis. Tests of one of these
regularities, because of excessive generation of units proved it superior to the previous model.
transients, are much more likely to produce The overall performance of the second model,
fluctuations in the output of this circuit than in however, was in general not satisfactory be-
the one which was adopted later. cause of poor projector beam patterns. A polar

CONFIDENTIAL



OWN-DOPPLER NULLIFIER 47

ID
10 0 N(L

.0 NOT 01wfro cli C x 0;5u) co
:;Z!R or-OZ

-, j O 0099cr in cr v0V

in

U)

mm
G<c; 00

0 x 0
cli 0

co

7 93vi Z-0 <,t CD 00
K)

cc6 9c,
w

ci 2

ir6 N18

t- 0
o 0 u
0 

n W

OR 
Q
I

0 m 0 0
0 0

mo 03: Q
5?0 

cuc"i009 x0- , C',0,

C.5 QD
ID (D ce
0 

01 1 ,>> 
>>.

ID 00t,
v ID5

9018
0
ID

031- 93rJ_9*0 JaL >

2z LO t8
> mJ i- r > 0

SdV4V
Mc.J O' -
COR IOU

040.

93VY9Z'0 z
MA

j 4
SM8 0

QD W_ > z

___0A_ 
> ID

0 mzMa 009 U)
3

U') 9 3 VN LIT Mm w
._ vt - . Z,. w

ie?4 ID ;:q-- - OZ18 x 06
z55 

07
E d. Nx c 0

00016S fl) ci =c!
01 0 d 0't-93yy vo

9 a w
2 -AA^,-

R cq oq IZ18
fl. 'a Z5 o 5 w U)

ol co X <
U) c;
(0 00Z 0

0CD 0 COO U)=ox 4 r,In t =0
000Z ircr- z irn

L9 z

93VJ 9*0 D Q) 0

= w Z: CQ W
'm 5z cr C;2

SOW U) _V)
cli > w 0

05 cs wU) rM 0Z5 C;0 Z %-.-- z
j 0 5

0 00
w 0
2 0

0

f55 50 w
RE z

ON 000, 1 000,011 CD 0 0

:-,.t. o, 0 1u'c'T GLW j 6 11vgltj

CONFIDENTIAL



48 SONAR DOPPLER APPLICATIONS

sensitivity plot for the projector used (Figure are approximately as shown by the locus graph
6) shows side lobes at 60 degrees practically of Figure 10A. The circle diagrams in Figure
equal in intensity to the major lobe. This pro- 10 were obtained experimentally by using an
duced two distinct tones in the reverberation oscilloscope and a Ballantine electronic volt-
so that the ODN frequently responded to the meter. The phase and magnitude relations of
wrong one. E., and E,,, the transformer secondary voltages,

are similarly indicated for different frequencies
of E, by the locus graphs of Figure 10B.

ODN IN THE ERB UNIT The a-c voltages, E, and E,,, reaching the

In its next stage of development the ODN diodes, V-3A and V-4A, are the vector sums:
unit was combined with the reverberation sup- E, = E, + E, and E,, = E, + E,,. Figures 10C,
pression filter [RSF] and the reverberation-con- 10D, and 10E illustrate these vector additions
trolled gain [RCG] (see Section 2.5), the com- at resonant, low, and high frequencies, respec-
bination being called the echo-ranging booster tively. By means of the two diodes, V-3A and
[ERB] (see Figures 7 and 8). Although the V-4A (see Figure 9), these a-c voltages are
ERB performs three distinct functions, its three rectified in such a manner that the d-c output
circuits are interconnected and share certain C-4 V-3A

components. Thus the RSF is connected to the +

audio amplifier of the QC receiver in such a E2  R-16DSCRIIA-
SIGNL RpR-7 OUTPUTmanner that it serves both to remove the 800- VOLTAGE E3 Es Ep

cycle-per-second component of the audio signal -j.
and to act as one of the frequency sensitive eleE R-t

ments in the ODN discriminator circuit. RELAY

The ERB was subjected to a comprehensive R o8 DO
OUTPUTtesting program which included variations in 0C-12

discriminator circuits, sampling intervals, filter Fcu 9Sheaidagaofotr-eey

FIGURE 9. Schematic diagram of Foster-Seeley
time constants and output relays. The results discriminator.
obtained form the experimental basis for the
analysis of ODN circuits which follows below, of the discriminator is positive for frequencies

above resonance, zero at reasonance, and nega-
tive for frequencies below resonance. Figure

4.2.3 D11 shows how the output voltage varies with the.. Determiinationi of ODN Circuitfrqecofteip.
Constants frequency of the input.

The ODN voltage is obtained from the dis-

FOSTER-SEELEY FREQUENCY DISCRIMINATOR criminator circuit via the comparison network,
R-16 and R-17 (see Figure 9). Voltage from

To explain the operation of the Foster-Seeley the network is applied to the ODN relay, which,
frequency discriminator reference will be made in the latest models, is closed for a period of
to the schematic diagram of Figure 9. The about 380 msec following each ping transmis-
input signal voltage, E,, is applied to the trans- sion. While this relay is closed, the ouput of
former, T-101, whose mutual inductance (M) the discriminator circuit is connected from
is such that the windings are over-coupled to a R-16 and R-17 through the half-section filter,
considerable degree. The reactance of C-4 is R-28 and C-12, to the frequency control tube.
much less than the resistance of R-11 with the The BFO frequency is varied by the automatic
result that voltage E, is practically the same as control thus established to maintain a frequency
voltage E, across the primary of the tuned very close to 800 cycles per second in the rev-
transformer. erberation audio output of the sound receiver.

For a circuit of this type 2 the phase and mag- At the conclusion of the 380-msec period, the
nitude variation of voltage E, corresponding to relay opens, breaking the AFC feedback loop,
frequency variations in the signal voltage E, and leaving only the charge on C-12 to hold the
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Ef'T40 
E0

f C_E? 
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A LOCUS OF El AS FREQUENCY
OF Es VARIES B LOCI OF E2 AND E, - LOCUS OF E2

AS FREQUENCY OF E, VARIES LOCUS OF E3

E2 - - - - - - - EA

F, 1  EE

DC OUTPUT ZERO DC OUTPUT NEGATIVE

,B.....--- -- ----F
D DIODE VOLTAGES AT LOW FREQUENCY

C DIODE VOLTAGES AT RESONANCE

E2 A

DC OUTPUT POSITIVE

E3

E DIODE VOLTAGES AT HIGH FREQUENCY

FIGURE 10. Voltage loci for Foster-Seeley circuit.

grid of the frequency control tube at the correct 80- -

voltage until the relay again closes. This break 7- N

in the circuit is designed to limit frequency 60 ....
50--control operation to the period when the pre- 40--- A

dominant incoming signal is the reverberation t 4
0 30 WITHOUT 300 / -from an emitted ping. > - -TUNED CIRCUIT
z 20
I- IO- .\ -A

BROOKS-SEBRING DISCRIMINATOR IFD
o -10 - MOTIFID BY 300C__

The frequency discriminator circuit used for I -20D
0

the ODN in the ERB assembly is a modification 30 - - - -

of the Foster-Seeley circuit. The essential -40-

feature of the modified circuit, known as the -50 - - ---
-60------------------Brooks-Sebring discriminator, is the use of the 0 - 0. 2 0.4 0.6 0.8 1 1.2 1.4 1.6

RSF to bridge the primary and the secondary FREQUENCY IN KC
of the discriminator transformer instead of the FIGURE 11. Characteristics of modified Foster-
condenser used in the Foster-Seeley circuit. Seeley circuit.
Figure 12 is a functional diagram of the modi-
fied discriminator. The higher sensitivity at experienced by the bridged-T filter voltage. In
crossover of the Brooks-Sebring circuit results the Foster-Seeley circuit, the voltage vectors
mainly from the phase reversal at resonance near resonance are approximately at right
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angles and not in either aiding or opposing connections of the second type of transformer
orientations as in the Brooks-Sebring circuit. used. The curves show that the change in
The sensitivity of the Foster-Seeley discrimina- transformers broadens the frequency charact-

eristic of the ODN sensitivity by increasing the.F .RIE AMPL, FIER output voltage for large frequency shifts. As a

A-C result the new circuit affords a more rapid
INPUT I I C TUNED CIRCUIT

EIN 01 L__j FOR PHASE CORRECTION correction of the beat frequency for wide fre-
quency deviations.

AMPLIFIER I M - +

[DISC. FILTER CONSTANTS
.LIT OUT

OUU The choice of components in the RC half-
TRANSFORMER E1  section filter in the ODN circuit is influenced

FIGURE 12. Functional diagram of Brooks-Se- by several factors. The value of C has its mini-
bring discriminator, mum definitely set by (1) the insulation resist-

ance between the high side of the filter circuit

tor at the crossover point is consequently much and ground, (2) the voltage sensitivity of the
less than in the Brooks-Sebring modification. reactance tube, and (3) the allowable frequency

The performance characteristics of these dis- drift of the oscillator controlled by the ODN.
In the ODN units actually constructed, the

( TURNS @

70 -40I

2 .05 1 70027 .0

530 TURNS

20 CT

1000 ©
10 ~TURNS @

0.300 0.500 0.7 0.93 1.5 1 TOROIDS HAVE MOLYBDENUM -

2OA090 - _ PERMALLOY DUST CORES

\2 FREQUENCY IN KC

20- 1 ! FIGURE 14. Phase-comparison transformer cir-
NI I cuit.\- _3 - -

3 J3 40sensitivity of the frequency control tube is of
-50- the order of 100 to 200 cycles per second per

6 - volt applied. From experience in damp climates,
such as Key West, Florida, it has been found
that 4 Af is the safe minimum for C, if the

4. FOSTER -SEELEY DISCRIMINATOR frequency of the oscillator is not to drift more
2. FIRST BROOKS-SEBRING DISCRIMINATOR than 5 to 10 cycles per second during a 5,000-yd
3. SECOND BROOKS-SEBRING DISCRIMINATOR

. j I t I I I I I I _ range interval between pulses.
FIGURE 13. Performance characteristics of dis- R should have the lowest value that can pre-
criminators. vent the output frequency from wandering more

than -5 cycles per second from the normal
criminators are indicated by the curves of Fig- frequency as the reverberation fluctuates. In
ure 13. The improvement is secured by using a the 800-cycle-per-second discriminator circuits
phase-comparison transformer with consider- utilized in the ODN units, the peak value of the
ably higher inductances. Figure 14 shows the a-c component in the discriminator output pro-
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duced by reverberation fluctuations is found to sensitivity of the discriminator. The least sen-
be of the order of 40 to 60 v, the average value sitive reactance tube that will cover the required
being about 20 to 30 v. These values are affected frequency range from 0 to 1,500 cycles per
somewhat by the deviation sensitivity of the second is found to have a sensitivity of about 100
discriminator and by the maximum voltage out- cycles per second per volt applied. In the inter-
put of which the discriminator is capable. With est of stability, therefore, the discriminator
a control tube sensitivity of 100 cycles per sec- should have as low a deviation sensitivity as
ond per volt and a requirement that the output practicable. The lowest practicable value in any
frequency not vary more than _5 cycles per given case depends on the accuracy of correction
second, the RC filter must reduce the peak of required.
the a-c component to a maximum value of 0.5 v. It may be shown that the accuracy of cor-
If the ODN relay opens during one of the 0.5-v rection approximately equals 1/KS, where K
peaks, the frequency deviation of the BFO from equals the frequency control sensitivity and S
the ideal value will then not exceed 5 cycles per equals the discriminator sensitivity. Common
second. values for K and S are 100 cycles per second

per volt and 0.7 v per cycle per second, re-
spectively. With these values the accuracy
1/KS is about 1/70. The reciprocal of the ac-

0 P curacy, KS, may be spoken of as a "figure of

merit" which in this case is about 70. The
>0 > deviation in output frequency at equilibrium

0 + 0 +
FREQUENCY FREQUENCY will be, accordingly, 1 cycle per second per
DEVIATION DEVIATION every 70 cycles per second of frequency devia-

A B tion in input.
In ODN operation, input frequency devia-

FIGURE 15. Discriminator characteristics. tions of 500 cycles per second are possible at
high speeds. With such deviations the output

The preferred method of improving the wide deviation after correction is 500/70 _' 7 c.
deviation correction rate is to retain the single If an additional 5 cycles per second is allowed
RC half-section while increasing the voltage for "hunting," an ODN utilizing the values
output of the discriminator at frequencies be- listed above will vary 12 cycles per second in its
yond the linear range. The graphs of Figure 15 output frequency about the center frequency.
indicate the nature of the desired frequency The highest permissible variation is about 15
characteristics. A discriminator functioning in cycles per second, so that figures of merit below
the manner illustrated by graph B would pro- 50 are not desirable. With a control tube sen-
vide a much more rapid correction rate than sitivity of 100 cycles per second per volt the
one operating according to graph A. Efforts to discriminator sensitivity should therefore not
improve ODN characteristics have all been di- be less than 0.5 v per cycle per second.
rected toward raising the discriminator output
voltage for wide frequency deviations, as in the
Brooks-Sebring discriminator. The half-section

filters used in all the later ODN models have R Two different frequency control tube circuits
ranging from 0.5 to 1.5 megohms with C equal have been used in the ODN units. The first is
to 4 /i. one applied to a receiver in which the tank

circuit of the BFO has a relatively high im-
ACCURACY OF ODN FREQUENCY CORRECTION pedance; the second is particularly suited for

receivers having a relatively high capacitance
It is found that the stability of an ODN cir- (and, therefore, a correspondingly low im-

cuit is a function of the voltage sensitivity of pedance) in the BFO tank circuit. The behavior
the frequency control tube and the deviation of both these frequency control circuits is anal-
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ogous to that of a variable resistor in series of the current drawn from the tank circuit is
with a fixed condenser, the combination being increased, and the frequency of the BFO de-
connected in parallel with the BFO tuning con- creased. The resistance of the control tube
denser (see Figure 16).

I FREQUENCY DEVIATION
C0 -j/t C -- IN C

4000
E TANK CIRCUIT

R OF BFO

3000

12000 11

- - _1000

0 DC CONTROL VOLTS
-40 -30 "20 -10 10 20 30

R CORRESPONDS TO A-C PLATE RESISTANCE 1000

OF FREQUENCY CONTROL 
TUBE

FIGURE 16. Equivalent circuit of frequency con-
trol tube for high-impedance tank. 20001

The first frequency control circuit is shown
in Figure 17. The effective a-c plate resistance
of the control tube, which is a function of the FIGURE 18. Typical reactance tube performance

curve.
B+

BBFO TANKCIRCUIT causes some dissipation of oscillator power but
not enough to affect the operation of the sonar
receiver appreciably.

200oK 150 K

• { HIGS-C <

7 -/~ CIRCUIT

2MEG 
22MH T

-0,- -270
AJAJf

D-C 3300
CONTROL
VOLTAGE
FROM ODN -

5K FIGURE 19. Frequency control tube circuit for
.K ]low-impedance tank circuit.

FREQUENCY - Figure 18 shows a typical performance curve
CONTROL TUBE

FIGURE 17. Frequency control tube circuit, for a frequency control circuit of the type de-
scribed above.

grid bias, is seen to be in series with the 70-,f The second frequency control circuit is given
capacitance. As the effective resistance of the in Figure 19. In this circuit both the condenser
control tube is decreased, the leading component reactance and the effective resistance of the
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control tube must be smaller than those of the QC speaker relay, which opened the AFC circuit
first circuit because larger currents must be during the time of pulse transmission. A de-
drawn to effect the necessary frequency changes tailed diagram showing the operation of these
in the low-impedance tank circuit. relays is given in Figure 20.

SAMPLING TIME RELAYLESS ODN

In the early model of ODN the sampling time Following the recommendation of the Navy,
was made relatively short (38 msec or 30 yd). an ODN circuit was designed in which the relay
This was necessary since the time constant of was eliminated. Figure 21 is the schematic
the RC filter in the AFC was also relatively
short. With a short time constant in the filter, E..I -

long sampling time would have two undesir- 1 KI C CONTACTS

able effects: (1) dopplerized echo would tend to GENERATOR CONTACTS ,RAUX,
,2oV DC 4000 - i CONTACTS

be blanked out, and (2) the AFC system would Q -----oo--

be disturbed by the echo doppler. f 60 -

It was found, however, from a number of -J---

operational tests, that the ODN operates more
satisfactorily as the sampling time is increased. 12 6 SN7 uf

If the ODN sampling time is much less than
250 msec (200 yd), it will obviously not receive FIGURE 20. Relay delaying circuit, ERB Model I.
a proper sample of the dopplerized frequency it
is designed to correct. The later ODN models diagram of the electronic switch that replaces
were therefore arranged to have sampling the ODN relay. In this circuit two 6SN7 tri-
times of the order of 300 msec. To lessen the odes, connected with the cathodes and plates
interference between dopplerized echoes and the opposing, operate as grid-controlled rectifiers
AFC circuit of the ODN, RC filters with long and function as the electronic switch. The d-c
time constants were used. The time rate of control voltage for the two grids is derived
change of the beat frequency under these con- from 6H6 diode rectifiers which are respectively
ditions was too slow either to affect or to be
affected by the dopplerized echo pulse to any 000 0C /OSCILLATOR 

V-109

great extent. 0.001 200 /COIL S 6 7

0.0 005
500 K

V-006.• 15 K

6 ~ I SN7 _6

4.2.4 ODN Sequence Control Circuits SWITCH 2.0 - .
INPUT 50K C-4

F ROM R- . -----
RELAY CIRCUITS DISCRIMINATOR .0 SOCK Q C KEYING CIRCUIT

T T .05

In adapting the ODN to the requirements of 500K 150 K KEY

the ERB, several methods of applying the fre- OCDN OUTPUT 500K I "V RELAYS

quency discriminator output to the grid of the 1/.6H6 1 4. L
reactance tube were developed. In the first ERB KEYING

CIRCUIT

the connection was made by means of a relay GENERATOR

which was closed while the pulse was being FIGURE 21. Electronic switch for relayless ODN.

transmitted and which remained closed for ap-
proximately 100 msec after the pulse transmis- fed by two isolated secondary coils coupled to
sion. Since it is the reverberation frequency an oscillator tank coil. In this manner a sep-
rather than the transmitter frequency that is to arate control bias independent of ground is
effect the correction of the beat-frequency oscil- supplied to the grid of each of the 6SN7 tubes.
lator, an additional contact was placed on the As long as the oscillator exciting the tank coil
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stage, a circuit tuned to 300 cycles per second It would also be desirable to determine the
has been included to increase the d-c output of possibilities of linking a pitometer log to the
the discriminator at low frequencies, and there- speed potentiometer of the second type of corn-
by prevent secondary zero crossovers. puted-correction ODN, which applies the fre-

The graph of Figure 11 shows the character- quency correction to the receiver. The bearing
istics of the modified discriminator circuit. In potentiometer drive should be modified to elimi-
order to make discriminator sensitivity and nate the instability found when the projector
crossover frequency as independent as possible training is abeam. It is possible that in a sonar
of amplitude variations in the audio receiver system which is stabilized against pitch and
output, a limiter stage, utilizing a diode clipper, roll the performance of this type of ODN may
is located ahead of the discriminator amplifier, compare favorably with that of the other types.

In sea tests of this unit it was found that the An ODN of the type just discussed may also
noise level encountered at 30 knots was too high be useful as a separate unit in a scanning [QH]
for satisfactory ODN performance, but suc- system in which a separate receiving beam is
cessful results could be obtained at 25 knots, always directed forward. The ODN could then
Since the test vessel was equipped with a special serve as a speedometer as well as a device to
100-in. dome and since the noise level would provide frequency correction. There is also a
probably increase with a smaller dome, it ap- possibility that an ODN could be of use in the
pears that 20 knots is probably the maximum scanning channel of a QH system. The sine
speed at which adequate performance of this wave sweep voltage could be modified by a speed
type of ODN can be expected. potentiometer and then passed to the grid of

The ODN-DCG combination chassis was ac- the reactance tube.
cepted by the Navy for installation in the latest It is possible that additional work on fre-
types of sonar equipment under procurement at quency discriminator circuits will uncover a
the time. Plans were made for altering all circuit with characteristics more suitable to
RCA-QGB equipment to include it and produc- the needs of automatic frequency control
tion was started on a conversion program in- ODN than the present one. The Navy has re-
volving about 500 units. At a somewhat later cently expressed an interest in an audio fre-
date, incorporation of the device in the new quency of 500 cycles per second instead of the
XQHA scanning sonar under development by currently used 800 cycles per second. Such a
the Sangamo Electric Company was also given change would seriously handicap the present
approval. AFC type of ODN. It is possible, however, that

a 60-kc discriminator may be developed with a
sensitivity of 0.25-v per cycle per second devia-

4.3 FUTURE DEVELOPMENT tion. An ODN having such a discriminator
might be coupled to the first heterodyne oscil-

The computed-correction type of ODN ap- lator. The advantage of such an arrangement
plied to the transmitter is in working order. It is that the intermediate frequency may be accu-
would be of value to carry out the project of rately tuned to the i-f amplifier and that the
coupling to this ODN a pitometer log for auto- BFO can then be adjusted to produce any de-
matic speed adjustment, and to compare the sired audio frequency.
results obtained in this manner with those se- Finally, there remains the problem of de-
cured by the latest AFC model. The computed- veloping a satisfactory ODN and RSF combina-
correction type of ODN has the advantage of tion, which will perform adequately under all
not being subject to the frequency fluctuations conditions of service, including extreme varia-
present in reverberation. tions in temperature.
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Doppler Controlled Gain

Doppler controlled gain [DCG] is a system
whose function is to enhance selectively the in-
tensity of echoes returned from moving targets.
The trained ear of a sonar operator can readily
detect, in the echo from a target in motion, the
very small increase or decrease in frequency
(known as up-doppler or down-doppler) result-
ing from the motion of the target toward or
away from the transmitting projector. DCG cir- I A WITH DOG B WITHOUT DOG

cuits were designed to utilize this doppler shift 2 KNOTS DOWN DOPPLER
for the purpose of increasing the intensity of 55MSEC PULSE-IIO0-YD RANGE
dopplerized signals in sonar receivers and auxil-
iary equipment. Their operation depends upon
a frequency discriminator arrangement which
gives an output proportional to the doppler shift
in the target echo. This output is used to in-
crease the gain of the receiving amplifier and
thus enhances the relative strength of the echo
signal. Under proper conditions, a 6- to 1O-db
increase in the gain of a BDI sound receiver
may be brought about through the action of a
strongly dopplerized signal. False doppler fil- C WITH DOG D WITHOUT DOG

ters are included in the circuit to eliminate dop- 2 KNOTS UP DOPPLER
pler effects caused by reverberation. The per- 55 MSEC PULSE-950-YD RANGE
formance of DCG circuits has been sufficiently
satisfactory to justify their adoption, in com- FIGURE 23. Comparative BDI traces, with and
bination with the own-doppler vullifier [ODNI, without DCG.
for inclusion in the latest QCB and XQHA sonar
gear. Doppler controlled gain was developed by ably filtered and amplified, this output is then
the Harvard Underwater Sound Laboratory. used to increase the gain of the receiver ampli-

fiers or to actuate a range recorder. In this
manner, a dopplerized echo receives favored

4.4 INTRODUCTION treatment over nondopplerized reverberation
and noise. For satisfactory results it is usually

The very small increase or decrease in fre- necessary to include ODN circuits to eliminate
quency which results from motion of a target any effects from dopplerized reverberation.
towards or away from the transmitting pro- However, in submarine installations, it is pos-
jector is of great assistance to the sonar opera- sible to omit ODN since only small own-doppler
tor in aiding recognition of an echo against its shifts can result from the slow movements of
background of noise and reverberation. Increase these vessels when submerged.
in the relative intensity of dopplerized signals, The performance of DCG circuits has been
so that they may be more readily perceived and sufficiently satisfactory to lead to their adop-
evaluated, is the purpose of the doppler con- tion, in combination with ODN, for inclusion in
trolled gain circuits. the latest QGB and XQHA sonar equipment.

These DCG circuits first feed incoming sig- However, it appears that operation in the pres-
nals into a frequency discriminating network ence of high noise levels might be improved and
which gives an output proportional to whatever this problem is recommended for further study.
doppler shift may be present. After being suit- Moreover, the provision of enhanced gain for
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either individual BDI channel when carrying in frequency from the 800 cycles per second by
a dopplerized signal has been suggested as a an appreciable amount. Figure 24 is a block
possibility which might afford valuable opera- diagram showing the essential components of
tional features. e the ODN and the DCG circuits, and their re-

lationships to a typical sonar equipment with
BDI. The circuit of output No. 1 of the fre-

4.5 PRINCIPLES OF DOPPLER quency discriminator is so arranged that an
CONTROLLED GAIN increase in the input frequency causes the out-

put voltage to become more positive. The cir-
The application of DCG is greatly simplified if cuit of output No. 2 on the other hand, is con-

the frequency of the incoming reverberation nected so that a decrease in input frequency

SDl RECEIVER (X-3 OR X-4)

PRE-AMPS MIXERS DETECTORS

PROJECTOR

I I LIMITER
I OSILLAOR [BFO I AMPLIFIER

SOUND I I
RECEIVER _ j-. _

FREQUENCY FREQUENCY
CONTROL DISCRIMINATORI TUBE IO'

ODIN HOLDING F --'-"-

CONDENSER I D LE

___l2 DOPPLER R
- 3- TFILTERS

.. .. ... .L 'I DOPPLER

ODN CHARGING RESISTOR PULSE VALVE I
L GAIN

SCONTROLLING I
S AMPLIFIER

DCG -- -- -

FIGURE 24. Block diagram of doppler sensitized sonar gear.

can be established at some fixed value. This can of the input produces a more positive output
be accomplished through the installation of an voltage. The doppler pulse valve consists of two
ODN circuit, which maintains the reverberation diodes so arranged that they can feed only posi-
output from a receiver at a nearly constant fre- tive voltages into the gain-controlling amplifier.
quency by compensating for the doppler shifts A voltage delay circuit is also provided so that
produced by own-ship's motion. a positive pulse is not passed on to the amplifier

With the ODN circuit establishing a reference unless a doppler corresponding to a target speed
frequency of 800 cycles per second for the rever- of at least 1.5 knots is applied to the circuit.
beration, the DCG circuit operates to increase The gain-controlling amplifier is connected to
the gain of the amplifier for any echo differing the i-f amplifier in the BDI or in the sound re-
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ceiver circuit so that a positive pulse reduces
the bias on the i-f tubes thus increasing the
gain. In the circuit shown in Figure 25, the arm of

The limiter amplifier reaches its maximum potentiometer R-22 (point B) is the discrimina-
output at an input level of about 6 volts rms. Its tor output which has the positive voltage slope,
limiting characteristic is made flat so that the and the arm R-23 (point C) is the output having
discriminator output does not change appre- the negative voltage slope. These potentiome-
ciably with variations in the receiver output ters are provided so that the frequencies making
level. This is done primarily in order to bring the discriminator outputs zero at points B and
about smooth enhancement of echoes when the C may be varied on either side of that frequency
DCG system is used to control the gain of the necessary to produce zero output at the junc-
sound receiver. It is obvious that instability tion of R-17 and R-16 (point A). Diodes V-5A
of the system may result if discriminator output and V-5B are connected so that only a positive
is affected by amplitude changes in the receiver voltage is passed on to the grid of V-6A. The
output while receiver gain is simultaneously setting of the potentiometer, R-22, is so ad-
changed by variations in the discriminator justed that the voltage at point B does not
output. change from negative to positive until the input

frequency exceeds that required for ODN zero
4.6 APPLICATIONS OF DCG voltage by an amount corresponding to 1.5

knots of target speed. R-23 is adjusted simi-
4.6.1 QGB (BDI) Eqipment larly on the low side of the ODN crossover.

When the circuit is properly adjusted, the d-c

A schematic diagram, illustrating the appli- voltages which appear at points A, B, and C

cation of DCG and ODN to equipment utilizing vary with frequency, approximately according
BDI, is given in Figure 22, which shows the to the curves shown in Figure 26. The heavy
circuits employed in the RCA-QGB receiver, line of the curves represents the d-c voltage at
The various sections of these circuits will now point D for different signal frequencies. Rec-
be discussed in turn. tification in diodes V-5A and V-5B allows only

the positive portions of the voltages at points

LIMITER AMPLIFIER B and C to reach point D and the grid of V-6A.
As indicated by the curves, only frequencies

The audio input is taken from some point in differing from 800 cycles per second by more
the sound receiver. The signal level should be than 21 cycles per second produce voltages at D.
at least 6 volts rms when a fairly low output is
being obtained from the speaker. The double
diode, V-1, is connected as a clipper type of lim-
iter. Current from the B supply flows through The amount of gain enhancement developed
R-5, R-3, and R-4; the voltage drops through by a dopplerized signal is a function of the set-
R-3 and R-4 bias the diodes and prevent clip- ting of the master gain control. When the
ping until the audio peaks exceed about 4 v. master gain control is in the maximum position
The diode biases are not low enough to prevent (minimum positive cathode voltage), the DCG
some overloading in the amplifier which is the circuits have no effect. On the other hand, when
next stage, but once complete limiting is at- the master gain control is in the minimum posi-
tained, the distortion resulting from overload tion, the plate current of the four i-f tubes
in the amplifier remains constant and does not produce an IR drop in the control of such mag-
affect the circuit as the input level changes. The nitude that the steady-state current drawn
section including the double triode, V-2, forms through V-6B is greatly decreased because of
a two-stage, cascade, RC-coupled amplifier, the the positive bias put on its cathode. As a result,
output of which supplies the audio signal to the any further decrease produced in the V-6B plate
discriminator transformer, T-101. current by a dopplerized echo must be very
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rapid and having peaks of 40 to 60 v. Without 35 per cent of the pulse length or too much of the
some filtering, therefore, signals would reach echo is lost before enhancement occurs.
point D almost continuously, and false enhance- 2. Reverberation fluctuations in the discrimi-
ments would occur with great frequency. nator output voltage should be too small to send

In the design of these filters it is necessary to appreciable current through the rectifier tubes
V-5A and V-5B.

S o60 The two-section filter was selected as a com-
-" j -50

0 opromise between the greatest acceptable time
3 _- delay and the minimum number of parts. Some-

L O,0, what better filtering with the same time delay
20 44;
.1 0 ~might be obtained if a filter of more than two440 520 600 680 70 8090 10 00 164400760 840 920 '000 00 160 sections were used. Rough trials indicated a

FREQUENCY IN G doppler threshold of 1.3 to 1.4 knots when
-20, a four-section filter was adjusted to best per-

4,4 -30 formance.

O/1-4G.o -60 RESULTS OF ENHANCEMENT BY DCG

The results obtained by the application of
FIGURE 26. Discriminator output curves. DCG to BDI are illustrated by the comparative

photographs of Figure 23. To obtain these
take into account the minimum value of the photographs, oscilloscopes were connected in
pulse length, as well as the least amount of two BDI circuits, one with DCG, the other with-
doppler required for enhancement. The photo- out. The target used to produce the traces was
graphs (Figure 27) of the target doppler indi- a stationary echo repeater equipped with an
cator [TDI] traces illustrate how much greater electronic device for injecting an accurately
the reverberation fluctuations are with a ping measured synthetic doppler into the echo signal.

In order to secure representative traces on the
oscilloscopes, the echo intensity was adjusted
to be from 3 to 6 db above the reverberation in-
tensity. The photographs show the effect of
DCG for both a down-doppler of 2 knots and
an up-doppler of 2 knots. On close examination
of the comparative photographs it may be seen
that the reverberation traces are similar, only
the echo traces being enhanced.

A 16 MSEC B 60 MSEG
TRANSMISSION TRANSMISSION 4.6.2 Range Recorder

FIGURE 27. Comparative doppler indicator traces. In a submarine, the bearing of a target is
usually obtained from target noise. A single

length of 16 msec than they are with 60 msec. ping is then sent out in the direction of the
(The TDI circuit includes one section of RC target and its range is determined from the echo
filter.) trace on a recorder. Since a doppler-sensitive

The performance of a properly designed false circuit would be controlled only by frequency
doppler filter must be adequate in the two fol- shift, wrong settings of level controls could not
lowing respects: prevent adequate echo traces on a recorder of

1. The time delay imposed on a true sustained this type. An extra stylus, fed in the conven-
doppler echo should not amount to more than tional manner from the receiver, could be added
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to a doppler-sensitized recorder so that traces plying doppler control of gain which differs
for targets without doppler could also be ob- substantially from that described here. The
tained, functional differences in the two methods can be

described best in connection with BDI circuits.
4.7 RECOMMENDATIONS FOR FUTURE In the system described above, the signal in the

DCG DEVELOPMENT listening channel, corresponding to an un-
shifted projector beam, is examined with re-

As mentioned, DCG, in combination with spect to frequency. If the average frequency
ODN, has already been accepted for inclusion in as determined by the discriminator response
QGB and XQHA sonar equipment. In general, differs from the reference frequency, the gains
its performance is adequate as long as the back- for both right and left channels of the BDI are
ground against which the echo appears is mostly simultaneously increased. However, it fre-
reverberation. In the case of long-range echoes, quently occurs in practice that the echo from an
however, the background from which the DCG extended target may involve simultaneous com-
must distinguish the echoes consists of general ponents which differ both in frequency and in
water noise covering a wide band of frequencies. direction of arrival. Thus, for a quarter target
DCG is not overly successful with these echoes the sonar projector may be receiving simulta-
since the doppler-sensitive circuits do not dis- neously a no-doppler wake echo arising from
criminate as well against wide-band noises as the latter portion of the pulse train, which would
against reverberation. This is a fundamental produce a left indication, and a down-doppler
property of the limiter-discriminator system target echo from the leading edge of the pulse
used in the circuits to obtain frequency sensi- train, which would produce a right indication.
tivity. In submarine installations, this feature If the DCG system is to provide maximum as-
is particularly objectionable, since the single sistance to the operator in resolving such wake
ping is likely to be sent out when the target is and target echoes, the electronic circuits for
at long range and is generating considerable DCG should be arranged in such a way as to
noise. respond preferentially to the dopplerized com-

A possible way to overcome this limitation ponent of simultaneous signals. In the example
is to employ a type of gate which relies upon described, the DCG should enhance the doppler-
sudden gain of amplitude, in addition to dop- ized component and yield a proper right indica-
pIer-sensitive circuits. In applying this method, tion on the BDI.
the DCG system would utilize an automatic vol- Initial study of the problem led to the con-
ume expansion circuit to cause an increase of clusion that such performance could only be
gain in the receiving amplifier whenever the obtained by applying DCG independently to the
input signal rose suddenly by 3 or 4 db. A pos- right and left channels of the BDI system. It is
sible disadvantage of the scheme is that an believed that a system for doppler control of
echo-to-reverberation ratio higher than that directional gain would have important operating
used in the present DCG system might be re- advantages and it is recommended that further
quired. research be directed toward the achievement

Mention should be made of a method for ap- of this objective.
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Electronic Aural Responder IP

BAND-PASS BAND-PASS JBAND-PASS BAND-PASS FILTERSThe electronic aural responder [EAR] is cde- FILTER FILTER FILTER 30 TO 35 CYCLES. WIDE

signed to have high discriminatory sensitivityB+

in response to dopplerized signals. The per- RETIRRCIFR RCIIR
OUTPUTformanfle of this system is analogous to that of METER

the human ear in its ability to distinguish cer- LWPS

tamn types of signal in the presence of noise 2.5 CYCLES WIDE

which may exceed the signal in intensity. The
proposed EAR is capable of responding to pulse FIGURE 28. Equivalent circuits for humnan ear re-
signals which are substantially below the level sponse to noise and pulsed signals.
of background noise. For the reception of typi-
cal sonar pulses of 30 msec duration, the EAR memoranda 1'2 and it has been pointed out that
system seems likely to surpass the discrimina- the ear is able to recognize telegraph-like signals
tory powvers of the human ear by as much as in the presence of interfering noise. In Figure
15 db. Two specific circuits have been proposed, 28, the band-pass filters are given a bandwidth
both possessing a feature of automatic adjust- determined by data on masking. This is about
ment which should make them valuable in the 35 cycles per second for reference frequencies
design of recorder systems for single-ping echo in the neighborhood of 800 cycles per second.
ranging from submarines. Af ter further devel- The low-pass filters preceding the output indi-
opment, this very promising innovation may be cator have a cutoff frequency of about 2.5 cycles
applicable to all sonar systems whose operation per second as determined by the response of the
now requires the exercise of auditory judg- ear to pulses. Thus, for the reception of pulse
ments. The EAR was designed by HUSL. signals, the ear is closely analogous to a series

of telegraph channels having relatively wide
filters which admit both signals and interfer-

48INTRODUCTION ence, and sluggish relays which retard the signal
build-up.

It is well known that in many cases the human These facts combined with the wartime trend
ear can distinguish certain types of signals in toward the use of shorter pulses in subsurface
the presence of noise which exceeds the signals echo ranging, led to the experiments which
in intensity. Extensive investigations of related finally culminated in the electronic aural re-
auditory phenomena (at the Bell Telephone sponder. This device gives promise of approach-
Laboratories) finally led to an explanation of ing the theoretical performance of ideal systems
this paradox in terms which are both simple in the detection of short, weak pulses buried in
and convincing. For the tone or signal to be a masking background of stronger noise and
perceived in the presence of a noise background, reverberation.
it is necessary only that the intensity of the sig- Later consideration of the foregoing work
nal equal or exceed the intensity level of the led to the proposal of a related circuit for use in
noise within a contiguous critical-frequency improving the efficacy of the chemical recorder
band, without regard to the energy which may in single-pulse ranging from submarines. In its
be distributed elsewhere in the noise spectrum. revised form the proposed circuit seemed to have

This ability of the ear to distinguish signals features which simulated to a remarkable extent
immersed in background noise, and the audible the performance characteristics of the human
cues to attention afforded by the pitch sense, ear. Tests confirmed the general expectations
have supported the belief that it is impossible to concerning discrimination but revealed that
construct apparatus which will provide objec- there remained major electronic problems in
tive response equaling or exceeding the discrimi- connection with providing suitable volume con-
natory ability of the ear. trol and gating f or the individual channels of

This problem is discussed in a series of the system. One of the automatic gate circuits
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FIGURE 29. First proposed circuit for EAR system.

proposed for the EAR system was given a labo- noise by about 3 db in order to control dis-
ratory trial and found to operate satisfactorily. criminator output. A desire to overcome this

In view of the success so far attained, and on limitation provided the incentive for experimen-
account of the great value of the prospective tation with the first equivalent aural responder
results, it is strongly recommended that the [EAR] circuit shown in Figure 29.
principles and circuits of the EAR be made the The output of the sonar receiver is connected
subject of a thorough investigation. The follow- through an input transformer which provides
ing pages describe the brief experiments which a maximum voltage in excess of 16 v to drive the
were carried out, and discuss at some length the 6V6 amplifier to full output. A 6116 limiter is
proposals for further EAR development, bridged ahead of the 6V6 amplifier in order to

limit noise peaks and maintain a fixed voltage
level across its output circuit. Twenty indi-

4.9 DESCRIPTION OF EAR vidually tuned circuits with Q's of approxi-
SYSTEM mately 30, are driven in parallel by the output

of the 6V6 amplifier.
In studying the behavior of a doppler con- The circuit was tested by utilizing the broad-

trolled gain system for use with the chemical band noise produced by operating a standard
range recorder, it appeared that a fundamental sonar receiver at high gain with zero input. The
limitation in the action of the frequency dis- i-f selectivity of the receiver was set for sharp
criminator circuit was responsible for the fact and the audio filter switch for flat. With the
that desired signals had to exceed interfering noise output obtained in this way, a receiver
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64 SONAR DOPPLER APPLICATIONS

input signal was adjusted to be 20 db above the control of gain [RCG] so that the major portion
noise level but still within the overload limit of of the dynamic range will have been compen-
the receiver output circuit. The input signal sated in the circuits ahead of EAR. The func-
level was then reduced by 27.5 db making its tion performed by RCG in restricting the
intensity 7.5 db less than that of the broad- dynamic range requirements for EAR could, of
band noise. Under these conditions, short-pulse course, be provided by a single common AVC
signals simulating received echoes produced circuit applied to the sonar receiver ahead of
satisfactory markings of high contrast on the EAR. This would, however, lessen the useful-
chemical recorder. In comparison with the pre- ness of the sonar receiver for conventional
vious circuit utilized for the enhancement of listening purposes since any AVC circuit tends
dopplerized echoes which required a +3-db sig- to reduce contrast in signals which follow each
nal-to-noise ratio for effective operation, the other rapidly.
present circuit provided a gain of 10.5 db. There is an alternative method of approach-

The foregoing experiment was limited to the ing the problem of multiple-channel AVC which
use of a uniform masking noise spectrum rather seems to possess some advantages of conve-
than water-borne reverberation and noise. The
principal conclusion which could be drawn at 0.5 MEG

this stage of the work was that it is possible to 0 8V

provide reliable recording of desired signals0. 587 0 oo
which are at least 7 db below the level of a uni- Ho , V

form masking noise spectrum.
In making adjustments of the circuit dia-

grammed in Figure 29, it became obvious that L- 0.1 456V
better performance could be achieved if the cut-
off characteristics of the 6SN7 rectifier were Ii 1.0 MEG

sharper. 
MG 0-1.5 V M .OUTPUT PULSE AS

SWITCH IS CLOSED

4.9.1 Proposed Automatic Gates for EAR R ADJUSTED TO PROVIDE DESIRED INCREASE IN INPUT WHEN KEY IS CLOSED

FIGURE 30. Automatic gate circuit for EAR.
As suggested, the cutoff characteristics of the

rectifier in each channel of the EAR system nience for this application. In the form de-
play an important part in determining its per- scribed above, the AVC in each channel would
formance. Study of the behavior of EAR in the hold the channel output just below a threshold
presence of noise or reverberation signals which recording value established in a common com-
do not have a uniform "white" spectrum reveals bining circuit. This provides the characteristics
not only that the threshold characteristics of of an automatic gate circuit which opens to
each channel should be adjusted critically, but admit signals to the recorder only when the
also that means should be provided for making output of one channel momentarily exceeds the
this adjustment automatically so that each common gate threshold.
channel may be held at the recording threshold One circuit which has been proposed for auto-
at all times except when a pulse or echo signal matic gating of the channels of EAR is shown in
is received. Figure 30. A single channel of an automatic

One practical difficulty that arises immedi- gate circuit was set up for preliminary trial of
ately is the considerable amount of equipment the automatic threshold compensation. The
required to provide a good AVC system for 20 qualitative results indicated that the system is
audio-frequency channels. This requirement self-compensating over a range of approxi-
can be substantially reduced by assuming that mately 20 db (see Figure 31). The apparatus
the sonar system which is to provide signals to complication involved in providing 20 tuned
the EAR circuits is equipped with reverberation circuits and 20 twin triodes and their associated
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resistors and capacitors is not trivial. It may being determined by the pulse length to be
not be too high a price to pay, however, for a received or by the desire to match the masking
discriminatory advantage over the ear which characteristics of the EAR, and the total number
might amount to as much as 15 to 18 db for being determined by the total bandwidth to be

covered by the recording system.
50__ An interesting characteristic of this circuit

to is that its output consists of an a-c signal having

40 the same frequency distribution as that selected
]40 - from the input by the channel filter. Thus it

should be possible to connect an amplifier and
30 loudspeaker to the output circuit for conven-

tional listening and for judgments concerning
frequency shifts characteristic of doppler effect.

FO - Undoubtedly there would be considerable depre-
ciation of tonal quality in such a loudspeaker
signal. Whether the elimination of many of

1-
the static components of background noise

00 would be of assistance to an operator in mak-
ing aural judgments must be determined by0 5 10 15 20INPUT IN VOLTS future experimental trials. But whether the

audible output of such an EAR system is use-
FIGURE 31. Output vs input for automatic gate. ful or not, the circuit appears to be capable of

meeting the functional requirements described

pulse signals of the order of 30-msec duration. above for an EAR system for objective re-
An alternative circuit for achieving results cording.

substantially equivalent to those described has
been proposed. Although this circuit has not
been set up experimentally, it is shown in Figure 4.10 CONCLUSIONS AND

RECOMMENDATIONS

1R3"  The electronic aural responder system which
has been proposed appears to provide a system

R2 C of tolerable complexity capable of recording

objectively pulse signals which are substantially
Fbelow the level of noise or reverberation. For

the reception of pulses of the order of 30 msec
duration, the EAR system seems likely to sur-

• o pass the discriminatory power of the human ear
R4 by as much as 15 db. Two specific circuits which

Fhave been described possess the feature of
automatic adjustment, which should make them
valuable in the design of recorder systems for
single-ping echo ranging from submarines. On

FIGURE 32. Proposed circuit for EAR system. the basis of the inherent potentialities of these
circuits or their functional equivalents, it is

32 to indicate another of the probably numerous strongly recommended that further experi-
ways in which the functional requirements of mental work be prosecuted to the point of de-
automatic gating may be provided for the chan- termining the applicability of these principles
nels of EAR. In the figure a number of filters to all sonar systems whose operation now re-
are indicated as before, their pass-band width quires the exercise of auditory judgments.
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Reverberation Suppression Filter

The reverberation suppression filter [RSF]
is a sharply tuned rejection filter which has
maximum attenuation at the audio frequency
(usually 800 cycles per second) to which in-
coming reverberation is heterodyned by a local
oscillator operating under own-doppler nullifier
control. By suppressing the level of the rever-
beration signals, greater contrast of echo sig-
nals having doppler shift may be realized, par- FIGURE 33. RSF assembly with air coils.

ticularly at short ranges. Using a multisection
bridged-T null-type filter, the RSF can offer a null type3 of filter was found to offer the great-
40-db discrimination against signals 10 cycles est promise.
per second above or below an 800-cycle-per- The results obtained with the early experi-
second center frequency. The reverberation sup- mental model of the modified multisection
pression filter was developed by HUSL. bridged-T null-type filter clearly indicated that

such a filter has useful possibilities as a rever-
beration suppression device. The later tests,

4.1 INTRODUCTION in which only a single section of the bridged-T
filter was used, were inconclusive with respect

The amplification which may be employed in to RSF itself, since its characteristics were
a sonar receiver is dependent to some extent on greatly compromised to meet space limitations.
the reverberation intensity incident on the It is felt that the fundamental principle of the
transducer immediately after the transmission RSF has sufficient merit to justify further de-
of a ping. Unless the gain of the receiver is velopment.
restricted, the initial amplitude and reverbera-
tion causes overloading.

One method of limiting the amplifier re- 4.12 DESCRIPTION OF REVERBERATION
sponse is to apply reverberation controlled gain SUPPRESSION FILTERS
[RCG]. An RCG unit automatically adjusts the
gain in accordance with the volume and the The performance of the ideal filter for rever-
persistence of reverberation. This method of beration suppression is pictured by the graph
control, however, is not always sufficient to pro- in Figure 34. In this filter, the narrow band
duce the most desirable signal-to-noise ratio. of frequencies extending 10 cycles per second
An ODN unit is therefore assumed to be used on each side of the heterodyned audio frequency
in conjunction with the reverberation suppres- of 800 cycles per second is attenuated by an
sion filter. arbitrary and adjustable amount with respect

The RSF was conceived to reduce the re- to neighboring signals. Large attenuation is
sponse to echoes from stationary objects, and to also provided for signals lying outside the fre-
permit the echoes from moving targets to be quency range required to include the maximum
received without appreciable diminution in in- target doppler shift likely to be encountered.
tensity. The RSF unit achieves this by passing Various circuits were tested and abandoned
the incoming signals through a filter which because of instability and too critical adjust-
produces high attenuation of undopplerized ments. Because of its desirable properties, a
echoes, heterodyned to 800 cycles per second, bridged-T null-type filter was adopted (see Fig-
but little attenuation of beat frequencies im- ure 35). The characteristics of this type of
mediately above and below 800 cycles per sec- filter are shown by the graphs in Figure 36.
ond. After numerous attempts to design a The effect of the Q of the coil is apparent in the
filter with these characteristics, the bridged-T relative spreading of the rejection band with
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REVERBERATION SUPPRESSION FILTER 67

increasing differences. Large air-core coils were provided with a hand setting to correct for
tried but were found to be too sensitive and this ship's speed. It seemed likely, moreover, that
caused erratic filter performance. the changes in the components with time, tem-

perature, and weather would further mismatch

4.12.1 Performaiice of RSF the center frequencies of the ODN and the RSF.

RSF AND COMPUTED-CORRECTION ODN RSF AND ELECTRONIC ODN

In early tests of the first reverberation sup- The advent of the electronic ODN with a fre-
pression filter, strict precautions were taken quency discriminator in its circuit made it pos-
against magnetic disturbances. The ODN in use

Z4
0

5

IQ

20 

Z21 X r/

0
o 25 -

z 30
-0 FIGURE 35. Bridged-T null-type filter.

35 
I
/

I sible to introduce the RSF in such a manner

40 that it controlled the center frequency and also
increased the overall sensitivity of the ODN.

45 A schematic diagram of the combination is

50 
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S35 __ -SINGLE SECTIONFIGURE 34. Ideal characteristics of reverberation z 5- IGL ETO
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suppression filter. NULL TYPE FILTER

50

at this time was of the computed-correction 50

type. From observations of the results it was 60

400 600 800 1000 1200 1400concluded that the filter performed as expected FREQUENCY IN C

in providing enhancement of dopplerized echoes FIGURE 36. Characteristics of single section,

but that high-Q coils of limited magnetic bridged-T null-type filter. Effect of Q.
fields were definitely necessary. Further diffi-
culties were encountered with the ODN and shown in Figure 37. A more detailed descrip-
RSF combination when the ship was in motion. tion of the operation of this circuit, called the
It was found impossible to maintain the cen- Brooks-Sebring discriminator, is given in Sec-
ter frequency with sufficient accuracy either tion 4.2.3. Only the interaction between the
manually or by means of the ODN, which was ODN and RSF devices will be discussed here.
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Transformer T-1 is tuned to 800 cycles per ODN, which was never fully met by the equip-
second. If the condenser C-3 is connected as ment. The RSF action was particularly notice-
shown by the dotted lines, the system is equiva- able when the ODN center frequency coincided
lent to a Foster-Seeley discriminator. The C-3 with the center of the RSF notch. When the
condenser then supplies a zero-degree phase center frequencies were not correctly adjusted,
reference for the secondary of the transformer the RSF effect was not so pronounced and un-
so that the two terminals of the secondary lead desirable results were obtained. For ideal RSF
and lag by 90 degrees respectively, performance the characteristics achieved with

the multisection filter are a necessity.
-3

I - TO REACTANCE
TUBE GRID 4.13 RECOMMENDATIONS FOR FUTURE

T DEVELOPMENT

C-5 The use of a multisection bridged-T null-type
FROM OUTPUT OF V'FIRST STAGE RECEIVE filter presents the possibility of securing an am-
A-F AMPLIFIER R-2 plitude discrimination of as much as 40 db for

alternating currents differing as little as ±10
TO RECEIVER A-F

_O RE AMPLIER INPUT cycles per second from a center frequency ofR-1 -- 3n AMPLIFIER INPUT 8 0c ce e e o d
B OF LAST STAGE 800 cycles per second.

The three major requisites visualized in de-
L.I IA TOROIDAL COIL WITH
MOLYBDENUM -PERMALLOY veloping a successful RSF application are the
DUST CORE following:
C-I AND L-I ARE TUNED 1. An adequate ODN device to provide an
TO B00 C

FIGURE 37. Schematic diagram of ODN and RSF automatic and accurate adjustment of the sonar
combination, receiver so that the transmitted supersonic fre-

quency is heterodyned to a predetermined audio

With the zero-degree phase reference sup- frequency regardless of the motion of the trans-
plied by the RSF, the latter is also tuned to 800 mitting vessel and the direction in which the
cycles per second, the frequency of maximum projector is pointed.
attenuation for the filter. At this frequency, 2. An RSF filter design which will provide
the detector will have substantially zero output. a high value of attenuation of the predetermined
Around 800 cycles per second, the amplitude and audio frequency, and an attenuation band suffi-

the phase angle in the RSF output change rap- ciently wide to allow the ODN to function prop-
idly with small changes in the frequency of erly.
the input, the rate of change being much greater 3. The introduction of such an RSF filter
than in the Foster-Seeley circuit. The result is into the ODN circuit so that the RSF will con-
that the RSF becomes, in effect, the discrimi- trol the center frequency.
nator for frequencies near the center frequency The present RSF, it appears, will be ade-
and materially increases the sensitivity at this quate to achieve the purposes outlined above
point, if the filter notch is sufficiently widened to make

A modified RSF system was included in the certain that the center frequency will fall within
combined unit known as the echo ranging it, and if the ODN discriminator response is
booster [ERB] with provision being made for broadened to insure a greater reliability than is
the RSF to be switched in or out of the receiver achieved at present. The widening of the filter
and audio system. The main difficulty found in notch may be accomplished by using additional
the ODN and RSF combination assembled in sections of the bridged-T null-type filter. Suit-
the ERB unit was the sharpness of the filter able band-pass filtering may also be introduced
notch at the center frequency. This imposed an to secure the desired filter characteristics. If
almost impossible accuracy requirement on the the first section of the RSF, tuned to the center
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frequency, is used to control the ODN and if the an indicating meter can furnish to the operator
other RSF sections, after the isolating tube, only a single numerical quantity; its success
are used to modify the characteristics appro- as a target doppler indicator is predicated on
priately, the three requirements listed above will the false assumption that the echo signals are
be satisfied. of such a character as to admit of simple nu-

Finally, it appears that suppression of undop- merical description. Various TDI circuits were
plerized signals might satisfy the direction-dis- studied in conjunction with development work
criminating needs of BDI channels, referred on ODN and audible doppler enhancement
to in Section 4.8. It is suggested, therefore, that [ADE] devices and finally, as a result of the
the possibilities of RSF in this application be improved performance of electronic ODN cir-
given consideration whenever investigation of cuits, a TDI chassis labeled Model I was con-
this problem is undertaken.

Target Doppler Indicator

The target doppler indicator [TDI] is aux-
iliary sonar equipment designed primarily to
indicate range rate by determining the amount
of doppler shift in the frequency of the echo.
The unit consists of a frequency discriminator
the output of which is applied to a cathode-ray
oscilloscope screen, calibrated to read in knots.
In the laboratory, the TDI also served a useful
purpose in enabling quantitative study of dop-
pler nullification and enhancement circuits

(ODN and ADE) and in measuring the effec-
tiveness of false doppler filters for the doppler
controlled gain [DCG] equipment. Although
sea tests of the latest TDI model to be con-
structed showed satisfactory results, the device 0
was not adopted by the Navy for Service equip-
ment because it appeared that the cost of the
auxiliary function in terms of bulk and com-
plexity of apparatus was excessive. This difji-
culty might be surmounted by incorporating the
TDI with the' ODN unit. The target doppler
indicator was developed by the Harvard Under-
water Sound Laboratory.

4.14 INTRODUCTION

The story of the development of the target
doppler indicator [TDI] is one of early frustra- FIGURE 38. Chassis of TDI-CRO model.

tion followed by success which came too late and
at too great a cost for Service adoption. All the structed. Its performance was seriously ham-

early work was directed toward providing a pered by the effects of reverberation and noise.
meter indication of the doppler frequency shift In an attempt to improve its erratic behavior,
arising from radial motion of the target in ap- the system was coupled to a range gate which
proach or recession. As is pointed out below, connected the TDI to the receiver only during
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the gated echo interval. The gate was provided that considerable precautions are taken to insure
first in mechanical form; later an automatic that the limiter output retains a symmetrical
range gate as employed in automatic target square wave for all reasonable inputs. Also
training [ATT] (see Section 3.2) improved per- noteworthy is the elaborate band-pass filter
formance considerably, but the fact that it between the last two amplifier stages. This
could be used only when ATT was in operation filter is included to provide the discriminator
provided a serious handicap. Moreover, the with a sinusoidal input regardless of the signal
TDI was still affected by reverberation or noise intensity. The discriminator circuit used in
appearing with the echo signal during the this TDI is found to be somewhat sensitive to
gated interval. With results still far from satis- the wave form of the input.
factory, the TDI project was temporarily aban-
doned. Further development of ODN and DCG
created need for a device to measure target dop-
pler and the TDI project was accordingly re- When the Model I TDI was tested, its overall
vived. Since experience had been acquired with performance as an indicator was unsatisfac-
the frequency discriminator circuits employed tory; first, because its circuits depend on the
in ODN and DCG, it was decided to construct operation of the ATT range gate, and second,
a TDI using a cathode-ray oscilloscope [CRO] because of inaccuracy and drift in the metering
to provide quantitative indication of the output circuit.
of a frequency discriminator. This unit, known A number of other meter circuits were tried
as the TDI-CRO model, was almost immediately subsequently, but all were subject to the same
successful, and was used in making quantitative disadvantage of indicating the difference be-
measurements on DCG circuits and in connec- tween the intensity of the echo signal and that
tion with performance studies of dopplerized of the random noise with opposing polarity,
echo repeaters. and all yielded disappointing results. It is now

evident that these early failures resulted from
the lack of recognition of the following factors.

4.15 DESCRIPTION AND PERFORMANCE 1. The a-c voltage peaks at the output of a dis-
OF TDI CIRCUITS criminator circuit fed with reverberation have

magnitudes corresponding to fluctuating fre-
Model I TDI quency shifts of 5 to 6 knots at 20 kc for a 50-

msec pulse.
DESCRIPTION 2. The peaks arising from reverberation,

Figure 39 is the block diagram of the TDI however, rarely persist for more than a few mil-
circuit which was identified as Model I. The liseconds, whereas the doppler shift of a true
schematic diagram is given in Figure 40. echo lasts for the full length of the pulse.

The first requirement of such a TDI system The solution of the problem consists, there-
is that it translate the frequency shifts of dop- fore, in providing filter circuits which strongly
plerized echoes into electrical amplitude varia- attenuate short pulses but pass the later portions
tions which can be indicated on a meter. In the of long pulses.
Model I TDI this task is accomplished by a
limiter-discriminator system of the type nor- 4152 The TDI-CRO Model
mally used for demodulation in f-m radio re- DESCRIPTION

ceivers.
It is further desirable that the indication of The circuit of the TDI-CRO model (Figure

a dopplerized signal be the only reading regis- 42) consists of the conventional components,
tered and that this reading remain continuously a limiter, an amplifier, a band-pass filter, and a
on the meter between pings. This requirement discriminator, the output of which is connected
is taken care of by using a range gate. to a cathode-ray oscilloscope. The oscilloscope

It may be seen in the circuit of Figure 40 screen is calibrated to read from -3 knots,
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FIGURE 40. Schematic diagram of Model I TDI.

down-doppler, to +3 knots, up-doppler, in steps and the input to the oscilloscope amplifiers. By
of 1 knot. study of the resulting trace an evaluation of

filter performance is readily obtained. All pips

APPLICATIONS appearing on the screen (except target pips)
which exceed a deflection of 1.6 knots are false

This model of the TDI is useful in measuring dopplers, that is, cause false DCG operation.

the effectiveness of false doppler filters for Figure 43 is a sketch showing the typical ap-
DCG. In testing a filter, it is inserted in the pearance of reverberation and echo traces on
TDI circuit between the discriminator output the TDI screen.
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Other uses for the model include studies of
minimum pulse length, calibration checking of
the dopplerized echo repeater, evaluation of the to
stability of an ODN, and investigations of 04 e-1 -
unusual frequency changes in reverberation.
The traces observed provide good pictures of
the random nature of reverberation, and the 0

effect upon it of variations in length of modula- 2: - -

tion of the transmitted pulse. 1/
In sea tests of this TDI-CRO model, both

submarines and dopplerized echo repeaters were 500 600 700 Bo 9 10 1000 1100
/ FREQUENCY IN C

used as targets. In both cases satisfactory re- - -

sults were obtained.

-3 )

4.16 CONCLUSIONS AND -0

RECOMMENDATIONS

The goal of providing equipment to yield an
objective and quantitative indication of target FIGURE 41. Discriminator characteristics of Model
doppler appears to have been achieved in the I TDI.
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CRO-TDI. This unit served a useful purpose doppler nullifier circuit. Presumably, target
in providing for quantitative study of doppler doppler indication could be achieved by arrang-
nullification and enhancement circuits. The ing a suitable cathode-ray indicator to delineate
device was not adopted by the Navy for Service the signals delivered by the ODN discrimina-

tor's unfiltered output. If other forms of mod-
A Eern sonar equipment, such as scanning sonar,

DEOL E INl FILR PERIOD OF DCG OPERATION appear still to involve reliance upon an
operator's auditory discrimination for detection
of early target maneuvers through interpreta-

FALSE .+36 tion of doppler shift, it would appear worthwhile to devote additional engineering develop-
-~------------------1.6 ment time to the design of simplified equipment

4_ _ -for yielding TDI.

If further development of a meter type of
°V V V " """TDI should seem desirable, the doppler-sensi-

-'_ tive circuit diagrammed in Figure 44 is pro-
posed as a possible solution of the problem.

The meter portion of this circuit contains two
-3 --- FALSE DOPPLER meters, one for up-doppler and one for down-

doppler. Two meters are used to prevent a

DOPPLERIZED ECHO reading of an up-doppler from being disturbed
FIGURE 43. Sketch of reverberation and echo by a succeeding down-doppler or vice-versa.
traces on TDI screen. Once a doppler echo has been indicated, the only

event which can affect the reading is another
equipment because it appeared that the price of echo having a larger doppler of the same sign.
the auxiliary function in terms of bulk and com- In spite of the apparent simplicity of meter
plexity of apparatus was excessive. This ob- indication, however, the basic phenomena are
jection might be removed in considerable part not simple. Moreover, in conjunction with inte-
by an integrated design of a target doppler indi- grated designs including the ODN function, the
cator operating in conjunction with an own- cathode-ray presentation of target doppler ap-

DOPPLER PULSE VALVE

DELAY POTENTIOMETER t

R B
FALSE DOPPLER 1 1

DISCRIMINATOR ADJUSTER

OUTPUT

-AV^ - C T ,N
J +OJ'V  
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f  -- -  1

tA~iETIOii~iRESETTING REA

RSETTIG RELAY DOWN DOPPLER UP DOPPLER
CLOSED DURING PING SCALE SCALE

FIGURE 44. Proposed TDI circuit.
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pears to offer the greatest economy in equip- reed frequency meter, modified for high-fre-
ment. In practice, therefore, utilization of the quency sounds. Mounted between the poles of
latter method and provision of the requisite a C-shaped permanent magnet and surrounded
operator training in interpretation of the result- by a driving coil, the reeds respond to all fre-
ing doppler patterns, would probably be the quencies within their band. Thus they indicate
most satisfactory procedure. frequency changes. Since the amount of echo

Echo Doppler Indicator

The echo doppler indicator [EDI] is an aux-
iliary sonar unit designed to (1) differentiate
between the pitch of the transmitted ping and
the subsequent echo, and (2) compare the echo
with the reverberation frequency. When the
EDI is connected to the audio-frequency output
of any echo-ranging gear, the reed of a vibrat-
ing-reed frequency meter having a period of
vibration most nearly equal to the echo fre-
quency will vibrate with the greatest amplitude.
Thus the operator can detect the amount of
doppler shift with quantitative accuracy not
possible with aural detection. The EDI wasdeveope byColmbi UnierstyDivsio of FIGURE 45. Model 2 of EDI showing indicator
developed by Columbia University, Division of scale capable of responding to opening and closing

War Research, New London Laboratory, Fort range rate.

Trumbull, New London, Connecticut.

frequency change from a target is directly
proportional to the range rate, the scale on the

4.17 INTRODUCTION meter indicates knots range rate. The entire
equipment consists of the vibrating-reed fre-

Because of its relation to movements of the quency meter and an amplifier unit located be-
echoing and target vessels, doppler effect pro- tween the ranging gear and the indicator.
vides valuable information in subsurface war- Although the ear is capable of detecting small
fare. The echo doppler indicator, essentially a changes in pitch often more rapidly than the
frequency meter with vibrating reeds, is in- EDI, the EDI can accurately evaluate all pitch
tended for visual measurement of these fre- increments. It has performed so effectively that
quencies. The EDI supplements aural devices it is possible, from a single echo-ranging ping,
now in use; it does not displace them. As an to determine range rate to an accuracy of 1 knot
instrument for determining the exact amount or better. In addition to simplifying present
of doppler more reliably and more easily, EDI echo-ranging operation, the EDI may be of
is an aid in correct evaluation of all shifts. As considerable value in further detailed study
a meter for the true amount of frequency shift of doppler effect phenomena.
between transmission and echo, it indicates
range rate. It provides a direct measure of
the amount of motion along the projector bear- 4.17 .1 Description of EDI Operation
ing (up- and down-doppler) by indicating the
difference between shifts introduced from tar- In echo ranging, the frequency of the re-
gets into the echo and into the reverberation, turned echo often differs from the frequency

When connected to the audio-frequency of the transmitted wave. This is doppler effect.
output of any echo-ranging gear, the EDI in- General reverberation doppler results from the
dicates doppler effect by means of a vibrating- reflection of the transmitted wave by the sea
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bottom, the shore, the water itself, or other re- the range rate is closing more quickly than the
flectors. The amount of frequency shift is pro- speed of the attacking vessel along its line of
portional to the rate the echoing vessel is moving bearing; with down-doppler to the contrary.
along the line of bearing of the projector. An Down-doppler does not, therefore, necessarily
echo from a target vessel shows a different fre- indicate an opening range rate. It merely
quency shift; this is due to relative movement shows that the target vessel is moving away
of the two vessels and is proportional to the from the attacking vessel at a speed less than
speed with which the two vessels are approach- the speed of the latter.
ing, or receding from, each other. Thus it is Because both opening and closing indications
directly proportional to the range rate. are sought, the scale, read directly in knots,

Echo-ranging equipment heterodynes the indicates a range rate of from -10 (opening)
supersonic wave received to produce an audible to +30 (closing) knots, as shown in Figure 45.
tone of a definite frequency. For any given
amount of frequency change in the supersonic
signal, there is a frequency change in the audible
tone of exactly the same number of cycles per
second. The action of the heterodyning circuits,
therefore, greatly increases the percentage
change in frequency due to the doppler effect. N

Nonetheless, the resulting pitch differences re-K
main too small to be readily evaluated by the
normal listener. The EDI provides an easier
and more quantitative means of identifying
the shift.

During the early portion of a pinging cycle, FIGURE 46. Model 1 of EDI showing reeds vi-

a number of indicator reeds respond to rever- brating to reverberation and echo signals.

beration (Figure 46) more or less simulta-
neously because the transmitted beam has con- Operating on a frequency band of 650 to 1,280
siderable breadth. The center reed of the group cycles per second, the EDI can be used inter-
usually indicates the speed of the ship's for- changeably with echo-ranging equipment oper-
ward motion, multiplied by the cosine of the ating on 20 or 24 kc. If other transmitting
projector's relative bearing angle; adjacent frequencies are used, a correction factor must
reeds indicate the same speed multiplied by the be considered to obtain true range rate.
cosine of relative bearings other than that of Since the calibration of the EDI is based on
the projector's true axis but still within the the amount of frequency change the doppler in-
beam. At the instant an echo is received from troduces into the received signal, it is valueless
a real target there will be a distinct response when used in conjunction with doppler nullifiers
of one or, at most, two reeds. If the responding or doppler enhancers.
reed is within the group responding to rever-
beration, the target vessel is not moving along
the line of the projector bearing. If the echo 4.17.2 Principles of Operation
indication appears above the group responding
to reverberation, the target vessel is approach- Since the only connection required is a tap
ing the echoing vessel along the line of bearing; across the a-f output of the echo-ranging re-
if the echo indication appears below the rever- ceiver, the EDI may be connected to any type
beration indication, the target is moving away of echo-ranging gear. After amplification, the
from the echoing vessel along the line of bear- echo signal is applied to the coil surrounding the
ing. These two indications are up- and down- frequency meter reeds. A rectified power supply
doppler. However, the range rate may be clos- provides a circuit voltage of about 475 v (see
ing in both cases. With up-doppler indication, Figure 47).
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Sformer-coupled (T-103 ) to the e - h e p ermanentymag es.sts coi a cross h e
ranging receiver output, the amplifier unit con- vacuum half-wave rectifier tube and a con-
sists of a two-stage audio-frequency amplifier, denser-input filter, and provides the 475-v
A high-impedance input is applied across the plate supply for the amplifier unit.
grid and cathode of the first stage, a 6SK7 IDCTRUI
pentode amplifier (V-101). A volume-control IDCTRUI

R-101 regulates the supply to the grid of the Forty-one reeds with resonant frequencies
tube. The first stage is transformer-coupled varying from 650 to 1,280 cycles per second are
(T-102) to two 807 tubes (V-102 and V-103) mounted in a row at the magnetically neutral
operating in push-pull. This stage is trans- line midway between the poles of a long C-
former-coupled (T-103) to the coil of the fre- shaped permanent magnet. A coil across the
quency meter. The unit is designed to amplify output of the amplifier unit carries alternating
frequencies between 600 and 1,300 cycles per current within the frequency range of the
second, producing uniform indications through- indicator. When the coil is energized, the reeds
out its frequency range. will be attracted alternately to the poles. The
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reed having a natural period of vibration most ently by the West Coast Sonar School in collab-
nearly equal to the echo frequency will vibrate oration with the staff of the UCDWR laboratory
with the greatest amplitude, at San Diego, California, and by HUSL.

4.18 PERFORMANCE AND CRITICISM

OF EQUIPMENT

By observing response of the EDI during echo-
ranging frequency variations, the operator can
detect the amount of doppler shift with quanti-
tative accuracy not possible with aural detec-
tion.

Changes in instrument design were instituted
after completion of the first model. A more ver-
satile instrument resulted from (1) use of two
alternative scales, one for 20-kc and one for
24-kc pinging frequencies, and (2) extension
of the scale to include opening as well as clos-
ing range rate. The initial instrument, con-
structed for only 20-kc pinging frequency, read
directly in terms of negative (closing) range
rate from 0 to 32 knots. Making the reeds
longer, heavier, and stiffer, and providing them
with more adequate bumpers, mechanically
strengthened the instrument. An increase in
air-gap spacing increased magnetic reluctance
between the reed and the "neutral point" of the
permanent magnet, thus providing insulation
for the a-c flux. FIGu RE 48. Chassis of second ADE model.

Aside from repair and calibration of echo
doppler indicators, no active development work 4.19 INTRODUCTION
has been done on this project since June 1944.
Tests have shown that the instrument per- Increased detectability of the doppler fre-
forms satisfactorily. quency shift of echoes reflected from a moving

target is the purpose of the electronic devices

Audible Doppler Enhancer classified as audible doppler enhancers. These
devices employ various methods for enhancing

The audible doppler enhancer [ADE] is an doppler, but in general, each one multiplies an
electronic device which enhances the frequency incoming frequency by a small integral number,
shift of dopplerized echoes. In all the circuits filters the result and then, if necessary, hetero-
for frequency multiplication which were stud- dynes it again to the desired output frequency.
ied, the improvement in doppler recognition led This procedure may be applied either to an
to so serious a degradation of tone quality as to audio output frequency or to an intermediate
make the doppler enhancement undesirable frequency, but filtering is much easier in the
from an operational point of view. However, a latter case.
promising method has been suggested which There are three major requirements which
would avoid the difficulties of tone depreciation must be met by a satisfactory ADE circuit:
in circuits of this type. The development of the (1) the doppler of an echo shall be multiplied by
various ADE devices was carried on independ- a factor (greater than 1), which is independent
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of the magnitude of the frequency shift and of ceived the consideration of the San Diego lab-
the signal level; (2) if two signals of corn- oratory in connection with a problem in f-m
parable amplitudes are introduced, the outputs sonar. Further investigation of the enhance-
must consist only of the two multiples of the in- ment problem appears fully justified, in view of
put frequencies with no other frequencies pres- the potential value of a successful audible dop-
ent such as might result from cross modulation; pler enhancer.
and (3) the signal-to-noise ratio shall not be
decreased by the ADE. 4.20 DESCRIPTION OF ADE CIRCUITS

None of the ADE circuits assembled met all
of these specifications and their study led to FIRST ADE
some presumption that the specifications can- Figure 49 shows the block diagram of a fre-
not all be satisfied simultaneously. This nega- quency doubler. The audio output of the QC
tive conclusion seems to be sound, at least for
that equipment described below. Attention is
directed, however, to the linear systems exempli- 4000 FULL-WAVE BOOC PLUS LOW-PASS 8OOC

fled by the fifth ADE discussed, and to certain INPUT DETECTOR HARMONICS FILTERS OUTPUT

schemes for frequency multiplication involving
television scanning techniques which have re- FIGURE 49. Block diagram of first ADE.
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FIGURE 50. Schematic diagram of second ADE.
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receiver is tuned to 400 cycles per second and
then introduced into a f ull-wave detector. If the JTR4
input is undistorted, the output will contain DETCTR DETTR RA'CS

frequencies and harmonies of 800 cycles per sec-
ond but no 400-cycle components. This method FIGURE 51. Block diagram of third ADE.
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FIGURE 52. Schematic diagram of third ADE.
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has the drawback that if the input is distorted THIRD ADE
unsymmetrically, the output will contain some
400-cycle components which are difficult to flu- Figure 51 is the block diagram of a frequency
ter. These difficulties are avoided if the input quadrupler which is based on two sections of
signal is made 1,600 cycles per second although the frequency doubler shown in Figure 49. Fig-
this change requires an additional mixer tube ure 52 shows a detailed circuit by means of
and oscillator circuit. which a 1/1, a,2/1, or a 4/1 doppler enhance-

ment may be selected.
This ADE circuit was sea tested but when the

SECOND ADE 4/1 enhancement ratio was used, any improve-
ment in doppler recognition was largely nulli-

If a mixer tube is added and an intermediate fled by the deterioration of tone quality. More-
frequency is used, there is no further complica- over, large down-dopplers appeared to be lost
tion and the problem of filtering becomes much rather than enhanced. With 2/1 enhancement,
easier. Figure 50 is the schematic diagram of doppler recognition was improved for both up-
an ADE using a circuit of this type operating on and down-doppler, although tone quality still
an intermediate frequency of 60 kc. suffered.
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FIGURE 53. Schematic diagram of fourth ADE.
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FOURTH ADE (THE DOPPLER-DOUBLER) applied to a reactance tube, which controls the
BFO in the listening amplifier circuit, with such

Among the large variety of arrangements by a polarity that the frequency shift of the echo
which beat-frequency products can be com- is greater than would be normally obtained.
bined to produce doppler enhancement is that In the experimental chassis, the signal is fed
shown in Figure 53, an arrangement which was into a three-stage pentode limiter at 60 kc
incorporated in the echo-ranging conversion through a cathode follower connected to the
unit.4 In this scheme, a 60-kc intermediate grid of the final i-f amplifier in the 755 re-
frequency is heterodyned against a frequency ceiver. The 60-kc signal is heterodyned with a
of 120.8 kc yielding a signal at 60.8 kc. This in 60.8-kc 6J5 oscillator in a 6SA7 mixer tube.
turn beats again with the original 60-kc signal The plate circuit of the 6SA7 tube feeds a two-
to yield an audio signal of 800 cycles per second. stage a-f amplifier consisting of a 6SQ7 triode
Suppose that a signal with a down-doppler of and a 6V6 tube. The 6V6 tube drives a high-Q,
100 cycles per second is received. The i-f signal two-coil discriminator of the type used in the
then becomes 60.1 kc and the first beat-fre- Model II ODN. The output of the ODN dis-
quency signal is 60.7 kc. Then the audio fre- criminator is switched shortly after a ping and
quency is 600 cycles per second as compared to enhances doppler during the remainder of the
the normal 700 cycles per second (800 minus 100 interval between pings. Both the 60.8-kc oscil-
cycles per second), so that frequency doubling lator in the ADE and the 60.8-kc oscillator in
has been achieved. Since the intensities of the
60-kc signal and the 60.8-kc signal, which are
heterodyned to give the final audio note, are H00-AP

each proportional to the strength of the incom-
ing signal, the amplitude of the audio signal is MIXER MIXEREAK

proportional to the square of the amplitude of C60. KC 755 RECEIVER

the receiver input signal.
This operation as a square law device results NULLIFYING

in some additional gain on fairly strong dop-
plerized echoes, and in an apparent narrowing S-R... ---. o

AC 6. K NHANCING II

of a projector beam which facilitates the ob- ARE AFC LOOP

taining of accurate bearings. However, the
same square law feature gives rise to cross-
modulation products which render the output FIGURE 54. Block diagram of fifth ADE.

highly discordant, thus partially nullifying the
expected auditory advantages. Moreover, an the 755 receiver are controlled by 6SJ1 re-
even more serious drawback is found in an actance tubes. The oscillator LC ratios and the
inherent tendency to favor the reverberation voltages to the reactance tubes are adjusted so
background at the expense of any echo signal that the two oscillators track when the same
of somewhat lesser intensity. These disadvan- d-c voltage is applied to the reactance tubes.
tages finally prevented acceptance by the Navy. In operation, both beat-frequency oscillators

are set to the same frequency with the grids of

FIFTH ADE the reactance tubes grounded. Then, when the
voltages on the reactance tubes go up and down

Figure 54 is the block diagram of an ADE together, as during the ODN interval, the two
circuit that makes use of a discriminator such oscillators remain together in frequency.
as is employed in the ODN circuit. The doppler In laboratory tests, this circuit operated sat-
enhancement operates on the following prin- isfactorily. It is not expected that the dis-
ciple. criminator system will be troubled by cross-

The frequency shift of the echo generates a modulation products. However, since the en-
voltage in the discriminator. This voltage is hancement is obtained by a limiter-discrimi-
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nator combination, a voltage which is 3 db can interpret doppler information concerning
below reverberation level will receive no en- target movement is sufficient to justify further
hancement whatever. Furthermore, an echo work on enhancement methods. Although it has
must be 3 db above the level of reverberation been shown to be possible to construct frequency
to receive maximum enhancement. doublers which provide either a linear or square

The disadvantage of this particular setup is law response to the intensity of the echo signal,
the tendency of the two oscillators to drift study of these circuits has emphasized the need
apart in frequency over a long period of time. for independent inquiry concerning the desir-
Thus it can happen that, though the two oscil- ability of square law or higher power response.
lators do go up and down simultaneously and The investigation of electronic circuits util-
by equal amounts during nullification, the out- izing nonlinear elements for the production of
put of the 755 receiver drifts to a frequency multiple-frequency terms seems to have been
other than 800 cycles per second. Since the sufficiently extensive to demonstrate that such
frequency of the oscillator in the ADE is always effects are always attended by other undesirable
brought to 800 cycles per second, because it is modulation products which cannot be removed
in the AFC loop, the output of the 755 receiver by conventional filters. This problem is aggra-
will always be the one which drifts. The rem- vated by the coexistence of noise signals com-
edy is to use a separate discriminator, operated parable in strength to the desired echo. In all
from the output of the 755 receiver, to set that the circuits for frequency multiplication which
output to 800 cycles per second independently were studied, the existence of undesired cross
during nullification. After nullification, the modulation between the desired signal and
system operates once more as the present one noise led to so serious a degradation of tone
does, enhancement voltage being fed from the quality as to make the doppler enhancement
ADE discriminator to the reactance tube in the undesirable from an operational point of view.
755 receiver. This system is free of all tracking Preliminary analysis indicated that this will
and drift problems. Furthermore, if it is found always be the case, although the generality of
advantageous to operate the ADE discriminator the conclusion should be confirmed by further
at other than 800 cycles per second, this can be analysis.
done without difficulty. In the interests of in- Various schemes have been proposed for
creased frequency range and linearity for in- achieving frequency multiplication by other
dicator operation and in the interests of small methods which would avoid the difficulties of
size, for example, it might be desirable to tonal depreciation. The most frequent sugges-
operate the ADE discriminator at a higher fre- tion involves the use of a short, endless loop of
quency, such as 2 kc. magnetic recording wire whose signals would

An additional advantage of this system lies be picked up by a series of pickup units ar-
in the fact that the degree of enhancement may ranged to move relative to the wire in such a
be controlled merely by varying the amount of way as to enhance the doppler effect. A more
enhancement voltage fed from the discriminator feasible scheme involves borrowing television
in the ADE to the reactance tube in the 755 re- techniques whereby the incoming signal would
ceiver. be effectively scanned at such a rate as to mul-

tiply all frequencies involved without genera-
tion of spurious frequency components. A mod-
ification of this scheme has been under study by

4.21 CONCLUSIONS AND the San Diego laboratory in connection with
RECOMMENDATIONS f-m sonar a and should be investigated in con-

nection with any further work with doppler
The desirability of enhancing the doppler enhancement which is undertaken.

shift of a returning echo in order to increase
the certainty and ease with which the operator See Division 6, Volume 17.
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Chapter 5

BEARING DEVIATION INDICATOR

Bearing Deviation Indicator

The bearing deviation indicator [BDI] is a
device which indicates on a cathode-ray tube
screen, for each echo received, whether the tar-
get is to the right or to the left of the bearing of
the ship's sonar projector. In operation, each
ping transmitted by the sonar equipment pro-
duces at the lower edge of the CRO screen a
luminous spot which sweeps vertically upwards.
If no echo is returned, the trace on the screen
is a straight luminous line except for random
deflections caused by reverberation. When,
however, an echo is received, the moving spot
is deflected to the right or left depending on
whether the reflecting target is to the right or
left, respectively, of the projector bearing. If
the projector is trained on the target, the spot
either brightens without deflecting or shows a
slight double reflection. The distance the spot
travels up the screen before deflecting or bright-
ening is proportional to the range of the target.
The developmental work on BDI was performed
by the Harvard Underwater Sound Laboratory.

FIGURE 1. Bearing deviation indicator shown with
echo-ranging stack.

5.1 INTRODUCTION
cient accuracy cannot be obtained with one

The bearing deviation indicator was devel- ping. The method is wasteful of time since
oped to increase the accuracy of locating an under the very best conditions only two of every
underwater object by echo ranging. Before the five pings give bearing values that can be used
advent of BDI most U. S. Navy echo-ranging in the determination of the center bearing,
gear belonged to the QC series. With this which is itself inaccurate by the amount that the
equipment, target bearing is determined by the target moves between the determinations of
cut-on method which consists essentially in the cut-ons.
locating the two ends of the target by echo The BDI equipment, which utilizes a split
ranging and then averaging these bearing val- projector, provides the sound operator with a
ues to determine the target's center bearing, right-left sense with respect to a target, thereby
This method requires at least five pings for enabling him to obtain more and better infor-
every center bearing, since at least two are mation. The operator can see, for every ping,
necessary to locate each end of the target (one whether the target is predominantly to the right
on the target and one off) and one or more or to the left of the projector's bearing. He can,
echoes are received while the operator is sweep- therefore, correct the projector's bearing after
ing the sound beam between ends of the target. each echo, and thus determine the target bear-
Experience has demonstrated this procedure to ing with greater accuracy and rapidity than is
be necessary because the breadth of the sound possible with the standard echo-ranging equip-
beam is so great that a target bearing of suffi- ment.
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During the early stages of World War II, the proper impedance relations are observed, any

British developed a similar system which util- required number of sets of phase-shifting net-
ized two projectors as contrasted with the works can be connected to the hydrophone array
HUSL split projector. and that number of separate directivity pat-

terns can be realized simultaneously in sep-

FINAL DESIGN arate channels. This may be considered the
basic principle of simultaneous lobe reception.

After satisfactory performance and approval The simplest possible array,, of course, con-
by the U. S. Navy, Model X-3 BDI and Model sists of two hydrophones. An echo-ranging
X-4 BDI were designated as production proto- projector with separate connections brought out
types.' In the circuit of Model X-3 the two from the electrical elements in the left and right
receiving channels are translated by hetero- halves is an example. Splitting of this kind is

dyning to occupy adjacent positions in the shown schematically in Figure 2 for both mag-
frequency spectrum. They are amplified in a netostrictive and piezoelectric transducers. For
single-channel amplifier, the gain of which can such a projector, when outputs A and B are
be varied at will without disturbing the ampli- combined directly, the directivity pattern is
tude balance between the two channels. that of the complete circular face. However,

Considerable engineering development work when output A is lagged in phase with respect
remains to be done in simplification of the cir- to B by an angle 0, the directivity pattern is
cuits required to yield BDI and in providing
for more reliable operation and easier mainte-
nance. Suggestions concerning fruitful lines of
attack on these objectives are made in Section
5.10.2. It is also suggested that particular
emphasis be devoted to developments leading to
a more effective utilization of doppler effect for
simplification of the deviation indications and
for providing easier discrimination between a
target and its wake. M agnetostrictive

A Transducer

5.2 BASIC PRINCIPLES OF BDI

5.2.1 General Theory

In the first part of this section, the general
theory of simultaneous lobe comparison [SLC]
is discussed. Following this, the specific circuits
of various types are considered individually.

It is possible to feed the electrical outputs of
an array of individual hydrophones, each of
which may be considered as a small generator, A Pezoelectric

Transducer B
through separate phase-shifting networks and FIGURE 2. Schematics of projectors split for BDI.

then combine them to give a particular direc-
tivity pattern. Furthermore, a second set of changed. It then corresponds approximately to
phase-shifting networks can be connected to the pattern that would be obtained if micro-
the hydrophone array at the same time, and a phone A were set back from B by a distance
different directivity pattern obtained through such that the phase lag in the water would be
the combination of the two sets. In fact, if 0 degrees, and the outputs were then combined
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Ae c o gi n Bf B A

A

C m iigCircuit

FIGURE 2. Effect of lagging one half of projector.

directly. Or in other words, as is shown in Fig- ond network is used to produce lag in A with

ure 3, the effect of lagging the output of one- respect to B, the outputs of the two networks

half of the projector by a phase angle 0 is ap- produce two divergent patterns. The method

proximately the same as that of turning the
projector. More specifically, it is equivalent to R

rotating the whole projector through the angle L

am, given by

360

ad, =si RR

where d,, = distance between effective
centers of the two projector
halves, and

X---wavelength of sound in
water. RL

A shifting of the pattern in the other direction
can be achieved by inserting a phase lag in B
with respect to A before combining the two
outputs.

0

FIGURE 5. Simultaneous shifted lobe patterns.

of accomplishing this is shown in Figure 4
where channel L has a left-steered lobe and
channel R a right-steered lobe. A sample of the

SLog 0 simultaneous shifted lobe patterns is given in
Figure 5. The angle a,,, through which the main
lobe is shifted is a function of the angle of lag 0
and of the width and shape of the projector. For

a circular face of diameter d, it is given by

Combing Circuit CombiningCircuit a,,, 0.26X .

F L R o o Figure 6 shows a series of directivity patterns
FIGURE 4. Method of obtaining left- and right- (R) calculated for a split circular projector

with a diameter of four wavelengths (d = 4x)

Now if one network is used to produce lag in with different values of the lag line 0.
B with respect to A, and simultaneously a sec- In order to use the shifted patterns to give an
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1oo distant source of constant amplitude. It will

do 4A be noted that the difference increases with
R increasing deviation up to the angle of the

50 first zero; up to this point, the difference in-
dication is unambiguous both as to sense and

too 
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(3( IN DEGREES magnitude of deviation angle. Beyond this
FIGURr, 6. Calculated shifted patterns. point, as the difference decreases to zero (when

indcatonof evatin romth noma ("n"R,, = RJ), the difference indication is un-
indiatin o deiaton fom he orm! (on"ambiguous only with respect to sense.,

in Figure 5) the amplitudes R, and R,, in the In echo ranging, the amplitude of the received
right-steered and left-steered channels, may be echo depends upon both the transmitting and
compared in various ways. As explained below, receiving patterns. The shifted receiving pat-
the amplitudes which are compared in BDI terns must therefore be multiplied by the
operation are not those from the projector transmitting directivity pattern before differ-
halves, but are the am plitudes in right- and en s ar t k n. F g e 7B ho s he d f
left-shifted channels. Initially the signals from ference curves under echo-ranging conditions.
the halves of the split projector are equal in In the unambiguous region, they differ very
amplitude, but differ in phase. The BDI lag little from the listening curves.
line transforms this phase difference into an Some general properties of the difference
amplitude difference which has deviation sense. c r e r ot oi g h ei n o e
The difference between the amplitudes in the which the curves give unambiguous sense of
right and left channels is indicated to the op- deviation is the same for all values of the phase
erator and he continually adjusts the bearing shift 0 and, for reasonably narrow patterns,
of the projector to keep this difference indica- is given by
tion as small as possible. Figure 7A shows
curves of the difference Rj, -R, for the pat- 2a = 2.70 -

terns given in Figure 6 for listening to ad(
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where x and d are as defined above. The region adequate performance. The exact value used,
which is unambiguous in both sense and mag- however, does not seem to be critical.
nitude of deviation, however, becomes nar- Up to this point it has been assumed that
rower as the phase shift 0 increases, being the sensitivities of the two halves of a re-

ceiver are equal. This is not necessarily the

2= 2 X 0.37 X(180o 0). case; indeed, it is quite unlikely. An investi-
d gation of the effects of amplitude unbalance

At te sme tme he ensiiviy S rat ofshowed that the zero indication is not affected,
cante sam iete sensitiviatyon Sbraeofe but that the sensitivity decreases slightly for
cgee.Vls of feee witheiatioscn becomesd moderate amounts of unbalance .2 For example,

from Figure 8. Choice of the value of 0, there- i n rjco afi wc ssniiea

fore, depends on three conflicting factors :1a the other, the deviation sensitivity is reduced
by only 20 per cent. It may, therefore, be
concluded that sensitivity differences are rela-

100 so tively unimportant, particularly in nonpropor-
tional BDI systems, where the sense of the de-

- viation rather than its exact magnitude is of
interest.

80- 40 With an actual transducer, it is to be expected
- that there may also be a relative difference in

phase between the electrical outputs of the two
60- 30 halves, even when the sound source is exactly on

R -- Sa line normal to the face. Such a differential
phase shift may be introduced by differences in

40- 20 the electromechanical systems or in the electri-
6 cal circuits, and may vary with frequency. Its

effect is to produce an equivalent shift in the
20- 06 0 center bearing, that is, the bearing at which

c:)11I\R = RL. At 21 kc, for instance, an electrical
phase difference of 15 degrees between the two

0 1 1 10 0 projector halves gives a bearing error of 1 de-
0 3060 9 12 150180gree. Therefore, it is important that such phase

FIGURE 8. Variation of R and S with 0. differences be kept small.
In the BDI the lag circuit is connected across

1. Sensitivity at crossover which increases the output of the two halves of the projector.
with increasing 0. Current from one projector half which crosses

2. Region of unambiguity in both sense and over to join that from the other half thus suffers
magnitude which decreases with increasing 0. a phase lag. That current which goes directly

3. Ratio of the maximum false indication to on, without going through the lag line, is not
maximum true indication which decreases as given this phase shift. In this way the projector
0 increases, is made to "look" to the right and to the left

In most of the early work done on BDI, a simultaneously. In addition, an output is taken
value 0 equal to 60 degrees was used and found from the center of the lag line, in which case the
to be satisfactory, although later experience projector looks straight ahead, since the lag line
indicated that improved performance might be retards both signals going through it by an
obtained with somewhat larger angles. In more equal amount. The output of the center of the
recent work, 6 has usually been taken between lag line, which is the same as the output of the
75 and 90 degrees. No very adequate sea tests unmodified projector, goes to the standard sonar
have been made with regard to this point, and gear, which thus functions in the normal man-
it is possible that a still larger 6 would give ner. The BDI uses the outputs of the two ends
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88 BEARING DEVIATION INDICATOR

of the lag line, employing the left and right puts the two currents even more out of phase so
sensitivity of these channels to get the left or that when combined they partially cancel, mak-
right indication of target position. ing the net current in the right channel rela-

Reduced to its simplest form, the BDI may be tively small. Now a meter, a CRO tube, or other
considered to consist of a split projector, a lag indicating device to which the difference in am-
line, and an indicating meter, as shown in Fig- plitude of the two channels is applied, will in-
ure 9. dicate that the target is to the left of the pro-

If an echo approaches from a bearing about jector bearing since the left channel carries the
4 degrees to the left of the projector bearing, stronger signal.
the left half of the projector is a little nearer If the echo comes from the right, the right-
to the target than the right half, so that the cur- channel current is the larger and a right target
rent in the left half leads by part of a cycle. By indication will result. For an echo coming from
the time these currents are combined in the left the exact projector bearing, the currents in the
channel, however, the lag line has delayed the two channels are equal and neither a right nor
current from the left half, so that it is in phase a left target indication will be given.
(or very nearly so) with the current from the Thus, what begins as a difference in phase
right half. These currents would add, therefore, between the currents from the two projector
to give the left channel a relatively large cur- halves becomes, through the action of the BDI
rent. The effect of the lag line on the right circuits, a difference in amplitude which is

employed to give the deflection on the BDI
SPLIT PROJECTOR screen.

5.2.2 Comparison of BDI Systems 3

/ The principles of the operation of the fol-
" / lowing five BDI systems are here compared:

A L 1. HUSL Model X-3. A simultaneous lobe
LA"LNEcomparison system formerly called SLC.

/ "2. HUSL Model X-4. A modulation system.
/ ".. 3. Radio Corporation of America vector

bearing indicator [VBI]. A sum-and-differ-
ence system; also called right-left indicatorRIGHT SENSITIVE LEFT SENSITIVE [ L1

CHANNEL CHANNEL [RLI].
4. HUSL Undesignated System. A sum-and-

difference system similar in behavior to the
vector bearing indicator.

5. Bell Telephone Laboratories phase actu-
ated locator [PAL]. This system has been
used only for noise listening.

DEVIATION
INDICATING
METER HUSL MODEL X-3

The essential parts of the HUSL Model X-3
FIGURE 9. BDI reduced to simplest form. BDI are shown in Figure 10. During operation,

two signals of equal amplitude V and phase
channel, however, is essentially the reverse of difference 2a are produced by the two pro-
the above. The current from the right half of jectors. The two voltages may be written as
the projector, which already lags that from the V, = V cos (wt + a)
left half, is further delayed by the lag line. This 1"I =V cos (wt - a). (1)
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PROJECTOR -

PHASE SHIFTING -- BALANCED COMPARISON DEFLECTION

NETWORK AMPLIFIERS RECTIFIERS COILS OF CRO

PROJECTOR -

FIGURE 10. BDI system using phase-shifting network-HUSL Models X-3 and X-4.

These two voltages are combined through a (sin a)
phase-shifting network; to form two new volt- V (5)
ages (V. and V), which are in phase but differ and
in amplitude. One of these (V 3 ) is the mean of
V1 and V, after V1 is advanced through an angle
b and V., is retarded by the same angle. The a (6sin)y
other (V 4 ) is a similar mean except that V. 4)
has been advanced and V, retarded. These volt-
ages may be written: where k is the wave number of the incident

V sound and y is the angle it makes with the nor-
2 -=[cos (ct + a ± b) - cos (cot - a - b) m mal to the line joining the projector.

(2) As has been pointed out, the BDI measures

174 = -[cos (cot + a - b) + cos (wt - a + b) ], a combination of phase and amplitude. In the
HUSL systems, this is done by first converting

which are equivalent to the phase difference into an amplitude differ-
V73 = V cos cot cos (a ± b) ence by means of the phase-shifting network

(3) described above. To the right of the phase-
14 = V cos cot cos (a - b). shifting network in Figure 10 only amplitude

The voltages in equation (3) are the two shifted is measured and phase is of no consequence.
lobes referred to above. They are amplified and It is for this reason that the gain through the

passed into a comparison rectifier which pro- two amplifiers must be closely balanced. Such

duces the difference of their amplitudes, balance, however, is extremely difficult to ac-
complish in amplifiers which have grid control

1141 - IV31 ' VI [1cos (a - b)I -cos (a + b)j (4) of gain. Since amplifiers of this type are desir-
The voltage output V of one projector is just the able in echo ranging, the two modifications of
pattern of the projector expressed in the vari- Figure 10 which are embodied in the X-3 and
able a. For the particular case of two adjacent X-4 models have been developed at HUSL.
rectangular projectors of total width L, In Model X-3 (see Figure 11) the frequencies

at the output of the phase-shifting network are, The phase-shifting network as shown consists of a atnthe to the phaeentingeretwore are

pair of lead sections (+b) and a pair of lag sections converted to two different intermediate fre-
(-b). Less complicated networks such as a single lag quencies which are passed through a common
or lead section connected between channels can be used. amplifier. At the output of this amplifier, sepa.
The advantage of the arrangement shown is that the ration of the two channels is accomplished by
differential phase shift can be held approximately con-
stant and the differential attenuation small over a range means of filters. The operation of this circuit
of frequencies. The same remark applies to the 45-de- is the same as for Figure 10 and the voltages
gree lag and 45-degree lead section in VBI [RLI] and given by equations (1) through (6) apply to
PAL instead of the conventional single 90-degree sec-
tion. both cases.
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SOSCILLATOR

PROJECTOR -bSILATR ILTRFLE

FIGURE 11. Model X-3 block diagram

HUSL MODEL X-4 a. Double i-f system with linear detection.

The second modification, Model X-4, also b. Modulation system with linear detection.

uses a single-channel amplifier as shown in c. Modulation system with square law detec-

Figure 12. The electronic switches connect tion. In the last two cases 100 per cent modula-

alternately the two outputs of the phase-shift- tion is assumed.
aletwork te the otputsmon amplifh sh- It will be noted that the curves a and b areing network to the common amplifier. Theidncauptthpot

switching frequency provided by a local os-

cillator is about one-fiftieth of the signal fre- 0 = 7 - B = 120',
quency so that some 25 cycles of signal fre- where B = 2b is the phase shift introduced by

quency in each channel are viewed alternately the lag line. Beyond this point, they begin to
by the system. The output of the amplifier is differ slightly. Experimentally it has been
demodulated and the fundamental of the switch- found that this difference is too small to be

LEFT -b

PROJECTOR

SWITCHING

OSCILLATOR

FIGURE 12. Model X-4 block diagram.

ing frequency f,,, is selected by a filter. Finally, detected. On the other hand, system c shows

the phase-sensitive rectifier gives a d-c output a marked departure from a and b. The form of

which is proportional to the difference in ampli- c is independent of B.4 The first portion of a

tude in the left and right channels. Equations and b is more nearly linear than the correspond-

(1) to (6) are applicable, and the output volt- ing part of c. This may be an important ad-

age is given by equation (4). vantage in some applications.

In Figure 13 are shown three BDI deflection Although systems a and b are equivalent in

curves expected with the three following sys- echo ranging where a single frequency is used,

tems using a single 60-degree lag line: it has been found in practice that they give
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different results when trained on noise. System quency as the switching frequency. In Model
a gives good indication on noise, whereas sys- X-4, the modulators are designed to give a
tem b gives large random indications if the strongly overmodulated output in order to over-
percentage modulation is low. When the per- come the difficulty. One may consider the input
centage modulation is made appreciably greater signals to be switched on and off rather than
than 100 per cent, this difference disappears. modulated in the usual sense.
The difficulty with b at low modulation has been
attributed to a spread in frequency of the noise, VECTOR BEARING INDICATOR OF RCA.5

which represents modulation at the same fre-
The VBI may be called a sum-and-difference

ar) do e ctin ,. system. The essential circuit used in it is shown
in Figure 14. In this case the two voltages [see
equation (1) ] are combined at the input to form
the sum and difference V, and Vj, respectively,.......

b Modultion 
5ys11.wit

lin ar detection. where

V, = 2V cos .t cos a,
n d 

( 7 )

..--. Modulation system with 
Vd = 2V sin cot sin a.

Squar. low detection.
These voltages, which are 90 degrees out of
phase, are then amplified through two amplifi-

ers having gains G, and Gd. The phase differ-
.0.4 -ence is compensated for by a relative phase ro-

tation of 90 degrees in the two channels and the
0.3 . two outputs are recombined in the phase-sensi-

l(b) tive detector. The voltages across the diodes
are:

"\ GV, 450 ±GdVd / -450

0., Total Lo Line Phos. Shif 60. V\/G 2 
+ Gd2 

COS t cos (a ± b), (8)

Phaf 0fDttrne bet., nu, Vol."~hr
/ .,. .... . e w her e

o 0 T °i 
30" 60" 90" 120" 150 a80 

Gd

n 6'tanb 
(

FIGURE 13. Deflection vs input phase difference. Gn

PHASE-S ENSITIVE

RECTIFIER

F URE 14. VBI [RLI] blo k diagram.
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01.~PASE - SENWSITIV1E

DETECTOR

FIGURE 15. HUSL undesignated system block diagram.

Sound

VI-

Projector

Signal from Left Signal from Right
VA V$ VS YR

Vd Vd

VI; I

FIGURE 16. Basic principle of sum-and-difference BDI.

It is apparent that equation (8) is the same in HUSL UNDESIGNATED SYSTEM

form as equation (3) and therefore represents
the same shifted lobes found in X-3 and X-4. This system is also of the sum-and-difference
The equivalent phase shift 2b of the phase-shift- type and behaves similarly to the VBI discussed
ing network depends on the relative gains in the above. The circuit, shown in Figure 15, employs
sum-and-difference channels according to equa- a phase-shifting network of the type used in
tion (9). Models X-3 and X-4.
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In the sum-and-difference method a voltage Vd' =2GdV sin b sin cot
vector Vd is derived at right angles to the main and (12)
voltage V, across the whole projector. The mag-
nitude and polarity of V, depend on the direction These two voltages are applied to the phase-
of arrival and on the amplitude of the incident sensitive detector so that Vd' and V/ are series-
sound. After the voltages V, and Vd are ampli- aiding on the upper rectifier and series-opposing
fled in separate channels, one is shifted in phase on the lower. The voltages appearing across
by 90 degrees and the two are then combined in these rectifiers are (see Figure 17)
a phase-sensitive rectifier to give a d-c output
whose sign depends upon the direction of ar- Upper: V sin ot (2G,, cos b + G,1 sin b)
rival of the incident sound. This d-c output is (13)
used to give right-left indications. Lower: V sin wt (2G, cos b - Gd sin b).

In Figure 16 the direction-sensitive (differ-
ence) voltage Vd is taken between the center tap Rewriting these:
of the projector and the center tap of the input
transformer. If the projector halves are wired Upper:

series-opposing, V., and Vd are interchanged, but 2V[G 2 + 2 cos (b - a) sin ot;
the following analysis still holds. 2(d

If a plane acoustic wave falls upon the face
of a square transducer obliquely, then the phase Lower: (14)

of the induced voltage in the two halves will be [ (_2ca
shifted with respect to that produced by a nor- 2V 2+ Gd cos (b + a) sin cot,
mally incident wave. Therefore, Gd

VL, = V cos (cot - b) where an a 2Gand (10)
Vi? = V cos (cot + b). Now compare these with the voltages at the

In Figure 16 the difference of the voltages ap- output of the lag line in ordinary BDI. These
pears at Vd and their sum appears at the trans- voltages may be obtained from the input volt-
former output. Therefore, ages [equation (10)], by adding the outputs of

Vd =2V sin cot s the two halves with phase shifts (+a,-a) and
and (I1) (-a,+a). They are:

V, = 2V cos cot cos b. Upper end of lag line:

In the next stage of the system V,1 and V, are V [cos (ot - b + a) + cos (wt + b - a)]

amplified in separate channels with different = 2V cos (b - a) cos wt;

gains (Gd and GJ) and V. is shifted in phase by Lower end of lag line:
90 degrees. Hence the output voltages of the V [cos (,t - b - a) + cos (ot + b + a)]
two channels are respectively (Figure 17) : = 2V cos (b + a) cos wt.

V' ~ ~ ~ ~ S -+-- V/2 --,.

s-I-V\

FIGURE 17. Voltages in sum-and-difference BDI circuit.
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94 BEARING DEVIATION INDICATOR

These voltages are identical in relative ampli-
tudes with the voltages in equation (14). Thus, 2T7 cos Wt - COS a + 7r
the sum-and-difference BDI is true SLC, since
shifted lobes appear in the output of the lag line. (16)

It will be noticed that the angle of phase -2V sin Wt - (-OS a
shift a depends on the ratio of the amplitude of \ 4/4/

the difference-channel voltage to the sum-chan- The output of the detectors is the difference
nel voltage. Therefore, the effective phase shift of the amplitudes of the voltages given in equa-
of the system may be easily varied by varying tion (16). It will be noticed that the terms
the gains of the two channels. (16), except for phase and constant factors, are

This system of BDI always gives a true center just the shifted lobes of equation (3) with the
bearing. Although the relative phase of the sum- specialization 2b = 90 degrees. Thus, the out-
and-difference channels must be preserved for put of the PAL is the same as a Model X-4
good BDI operation, any relative phase shift which has a 90-degree phase-shifting network.
introduced will not affect the position of the
center bearing indication.3  DESCRIPTION SUMMARY

PHASE-ACTUATED LOCATOR [PAL] OF BTL- 7  As indicated above, the output voltage is the
same for each of the five systems considered,

In the PAL system, shown schematically in except that 2b = 90 degrees in PAL. Thus, any
Figure 18, the principal amplification takes comparison of the systems must be based on

RIGHT

PROJECTOR +450

IOUTPUT 

J

BALANCED

AMPLIFIERS

LEFTDETECTOR
PROJECTOR ~5

FIGURE 18. PAL block diagram.

place in the two separate projector channels, be- such factors as the extent to which departures
fore any combining occurs. from the theoretical performance are likely to

Again, the input signals are given by equation occur in practice, difficulties of construction,
(1). After balanced amplification and phase and adjustment.
rotation of one channel by 90 degrees with re- In spite of their apparent great differences,
spect to the other, there are two voltages pro- the five systems have a general procedure in
portional, respectively, to common, which may be put under two headings.

V cos (cot + a), Operation A. Two input signals differing in
and (15) phase are converted into two signals differing in

V sin (wt - a). amplitude.
The sum of these voltages is applied to one Operation B. The amplitudes of these two

detector and the difference to the other. These signals are subtracted to give the output indica-
may be written tion. This subtraction may take place between
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rectified d-c voltages, so that the sense of the ranging. This is because all the amplification
difference is contained in the sign of the differ- takes place in two physically separate channels
ence voltage, or it may occur between a-c volt- and the introduction of tuning and time varied
ages, in which case sense is lost and must be gain [TVG] or reverberation controlled gain
regained by examining the phase of the voltage [RCG] would make these virtually impossible
relative to some comparison signal. to balance.

Before, after, and intermediate to these oper- The principal disadvantages of the VBI and
ations such necessary functions as amplifying, HUSL undesignated systems are (1) the varia-
tuning, frequency changing, and filtering are bility in b due to relative changes in G, and G,
introduced into the system. The principal dif- when TVG or RCG is introduced, and (2) error
ference between the systems concerns the point resulting from unbalance in hydrophone sensi-
at which operations (A) and (B) occur. Table tivity and unbalance in phase in the sum-and-
1 gives a rough comparison of the systems from difference amplifiers. No actual error is intro-
this standpoint. Ahead of the circuits that per- duced by (1) but when b is in the vicinity of
form operation (A), unbalance in phase pro- 45 degrees the deviation indication is optimum
duces an error in bearing indication, but unbal- from the standpoint of false crossovers, linear-
ance in amplitude is relatively unimportant. ity with respect to bearing deviation, and sensi-
Similarly, between (A) and (B) unbalance in tivity. Thus, G, and Gd should be closely the
amplitude produces error while unbalance in same and the farther their ratio departs from
phase is relatively less important. In the table, unity the more rapidly will the deviation indica-
certain important parts of the systems have tion deteriorate. The error (2) which was dis-
been omitted: e.g., in X-4, the principal ampli- cussed earlier is expected to be much more seri-
fier which comes between steps 4 and 5, and in ous than the corresponding error in X-3 and X-4
VBI, the principal amplifiers between steps 2, models. This is because the phase-shifting net-
4, and 5. These amplifiers do not introduce er- works of X-3 and X-4 can be built to maintain
ror by small amplitude or phase unbalance un- the attenuation balance as closely as desired,
less other sources of unbalance are simultane- without critical adjustment. On the other hand,
ously present (see Table 1). Also such obvious the phase unbalance in the sum-and-difference

TABLE 1. Comparison of types of BDI.

HUSL X-3 HUSL X-4 RCA VBI HUSL undesignated BTL PAL

I. Part of system sen- Input circuits Input circuits Input circuits Input circuits Input circuits
sitive to unbalance preamplifiers preamplifiers preamplifiers principal amplifier
in phase 450 sections

2. Conversionofphase Phase-shifting Phase-shifting Vector addition Phase-shifting Phase-sensitive
difference to ampli- network network and subtraction network detector
tude difference (simultaneous (simultaneous (simultaneous

(Operation A) with 4 below) with 4 below) with 4 below)
3. Part of system sen- Principal amplifier None None None None

sitive to unbalance
in amplitude

4. Comparison of two Comparison rectifier Low-frequency Simultaneous Simultaneous Simultaneous
amplitudes switching with 2 above with 2 above with 2 above

(Operation B) (about 500 c)
5. In trod u c t i o n of Not necessary Phase-sensitive 90' differential Phase-sensitive Not necessary

sense of comparison detector phase shift- detector
voltage 4 phase-sensitive

detector

sources of deviation error as unbalance of the amplifiers in VBI can be kept small only by care-
detectors themselves have not been included in ful alignment of the two channels.
the table. The principal disadvantage of the X-3 circuit

Of the five systems considered, PAL seems is its complexity which results in problems of
the least promising from the standpoint of echo adjustment, in particular the tracking of the
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two local oscillators and the alignment of the r LC CHANNEL

i-f filters. However, X-3 appears no more 2 4, 4

critical than VBI. 0
The greatest advantage of X-4 is its corn- 644 1,0M

parative simplicity and ease of adjustment. -
Since it uses one i-f channel with a single
(modulated) frequency, it is less subject to un-

balance than either X-3 or VBI. Its one dis- IMPEDANCEMR 5050 OHMS 12 'Uu f

advantage is its less satisfactory response to 3370 OHMS
a localized source of noise containing frequency
differences equal to the switching frequency., 9  sLC CHANNEL
It is believed, however, that this disadvantage 6O' AT 21.2 KC IMPEDANCE BACK INTO NET

is minor in echo ranging. RANGE 15-30K6 =1000 OHMS
LOSS COMPARED WITH SIMPLE LAGLINE

Neither X-3 nor X-4 is adapted to noise-lis- TAKING DIFFERENT INPUT

tening over a wide frequency band. This is IMPEDANCE INTO ACCOUNT =4.6 DO

because the single i-f channel, which is neces- FIGURE 19. SLC network for wide frequency
sary only when TVG is used in echo ranging, range.

gives trouble with wide frequency bands. Another possible approach is to use a lag
The VBI system is satisfactory on broad- line for one projector half, and a lead line for

band noise. In both VBI and PAL it is very the other (see Figure 19). The phase constant
desirable to split the 90-degree relative shift as of a lag line increases, and of a lead line de-
shown in Figures 14 and 15 and use a lead ele- creases, with increasing frequency. Conse-
ment in one channel and a lag element in the quently there is a possibility of having one
other since then the 90-degree relative shift change nearly compensate the other over a
can be maintained over a wide band of frequen- range of frequencies.
cies without large amplitude unbalance. The There are a number of obvious advantages
VBI system is not well adapted to the use of in the proposed network. It can be used at any
automatic volume control [AVC], however, be- frequency within its range and allows the
cause of the different levels in the two channels same network to be installed with equipment
and the desirability of holding the gains the to work at any frequency. It can also be used
same. Manual control of gain with balanced in echo ranging with a crystal projector where
attenuators is therefore advised. the operator might be able to select his fre-

quency of transmission. Further it can be used
in the reception of noise in a wide band and

5.3 PHASE-SHIFTING CIRCUITS so make BDI the wide-band analogue of binau-
ral listening. There are some advantages in

CONSTANT-PHASE-SHIFT NETWORK" °  regard to pattern in using a wide band, rather
than a narrow one, in the reception of noise.

The phase shift required in combining the The proposed network has some disadvan-
output of the two halves of the projector into tages; it is more complicated, requiring four
either BDI channel is independent of the fre- chokes instead of one, four condensers instead
quency and size of the projector. This stems of two, and six extra resistors. Also it has no
from the fact that the required deviation of center tap for the listening receiver, which
the two beams is a fairly definite fraction of must therefore be bridged across the two chan-
their own width. nels somewhere else in the circuit.

In the X-3 models, the phase shift was accom- Figure 20 shows a simpler circuit." L and C
plished by a single 7-section lag line, and the are resonant at the center frequency. The phase
phase shift was changed with frequency. Thus shift with this circuit appears to change less
construction of a line of constant phase shift with frequency than the previous circuit-less
is a complicated task. than half as much according to theoretical
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L

INPUT
R OUTPUT

C

FIGURE 20. Constant phase-shift network.

calculations. However, the change in the ampli- the disadvantage that its image impedance
tude of the output with frequency is more seri- varied with frequency. Except at the design
ous. In an octave centered about the resonant frequency, this resulted in an amplitude un-
frequency the output unbalance reaches about balance at the output of the network, which
2 db. This unbalance should not seriously af- reduced the sensitivity of the BDI and which
fect the BDI bearing accuracy, however, combined with input unbalance to produce a

The accuracy with which the components bearing error.
must be specified is probably greater with the
circuit of Figure 20 than with the usual BDI
lag line, because the two BDI channels are
essentially separate parts of the network and
must be approximately balanced, whereas the
standard lag line enters symmetrically into the
two BDI channels.

The netw ork has no center tap to which the -- L --
standard receiver can be connected. Here, too, RZ

the absence of center tap makes it necessary to T
connect to the center point of a pair of resistors
bridging the two channels. The resistors FIGURE 21. Constant resistance lag line.

should be high compared with the impedance at It is possible to construct an all-pass section
the point of connection. There are advantages whose image impedances are constant resist-
to this mode of connection; for example, if the ances and which have better phase-shift char-
connection were made directly across the trans- acteristics than the constant-K, low-pass sec-
ducer, the standard receiver would be virtually tion. Such a section is shown in Figure 21.
independent of the BDI receiver. The phase characteristics of the constant-

This study can be extended to various com- resistance section are shown in Figure 22. For
binations of lead and lag lines to cover a wide comparison, corresponding curves are also
frequency range. 1 2 It is found that as the given for the constant-K n-section.
number of elements is increased, the perform- The advantages of the constant-resistance
ance is improved, but the number of elements over the constant-K network decreases as the
soon becomes excessive, phase shift used is diminished, since for shorter

sections the curves become more nearly linear
with frequency and the image resistance of
the constant-K section becomes less variable.

The simple low-pass, constant-K, 7r-section For example, the ratio of the two slopes at
filter used in the Model X-3 BDI suffered from the crossover is cos2 B,/2, where B0 is the phase
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150
COMPARISON OF CONSTANT- RESISTANCE

140 AND CONSTANT-K NETWORKS FOR K
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FIGURE 22. Comparison of network characteristics.

shift at this point. Thus, for 60-degree sections noise was recognized at an early date.
the ratio is 1/4, instead of 12 for the 90-degree At first the use of continuous transmission
sections shown in Figure 22. and reception of sound, as well as of pulse

The total inductance required for the con- transmissions, was considered. Actual echo-
stant-resistance network when B,, = 90 degrees ranging work by members of HUSL, however,
is twice the inductance used in the constant-K led to the design embodied in the Model X-1
network, whereas the total capacity is the same. BDI, specifying manually-trained azimuth meas-
For other values of B,, the inductance ratio is uring gear, using as much as possible of Subma-
seC (B,,/2). rine Signal Company (QC) equipment, but in-

corporating the principle of overlapping lobes
for better accuracy and ease of manipulation.

5.4 DEVELOPMENT
5 .., .zM o d e l X -1 B D I

5.4.1 General BDI Experimentation
In Model X-1 a single-channel heterodyne

Early proposals13 ,'1 for applying the prin- amplifier was used to give simultaneous ampli-
ciple of overlapping lobes in echo ranging in- fication of two intermediate frequencies. This
cluded a variety of approaches to the problem. made it possible to apply manual and TVG con-
One contemplated two beams used alternately, trol to both right and left channels without
giving a separation in time, the technique of introducing relative unbalance. In this model,
"lobe switching" as used in radar. Others in- too, the magnetic deflection cathode-ray tube
volved the use of beams having slightly differ- was first used and gave considerable improve-
ent carrier frequencies, or beams having ment in the visual presentation, since the long
identifying modulation impressed on the car- persistence of the P7 phosphor was ideally
riers and, finally, the system eventually used in adapted to the time scale of echo-ranging
the BDI which employs simultaneous over- operations. The AVC circuit is not true AVC
lapping lobes on the same frequency. The but an adaptation to BDI of TVG (see Section
desirability of using cathode-ray screen presen- 2.2), also referred to occasionally as time-con-
tation to aid in visual discrimination against trolled gain [TCG].
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MODEL X-3 BDI 99

54.3 design of Model X-3 BDI (Figure 23) which is
more compact and has all the circuits con-

Following satisfactory testing of the first tained in one chassis. Model X-3 also includes
BDI (or SLC) unit, eight more were con- the noise sweep. In the earlier units when
structed. Although these units were almost BDI was used for listening, the spot oscillated
identical with the first model in external ap- about a point in the center of the screen and
pearance, they incorporated enough circuit tended to burn a hole at that point.
modification to warrant designating them as A special modification of BDI Model X-3,
Model X-2. known as Model X-3A, was developed for at-

tachment to WEA-1 sonar equipment, which
has no send-receive relay.15

5.5.1 Circuit Analysis

Figure 24 is a block diagram and Figure 25
is a schematic diagram of the Model X-3 BDI
circuit. The signal (echo) inputs from the two
halves of the projector are applied to the
respective input transformers. Before reach-
ing the lag line, the signals go through an
input amplifier stage, after which the phase
difference between them is converted by the
lag line into an amplitude difference in the
manner previously explained. Thus, the sig-
nal applied to one of the mixers becomes a
right-sensitive signal and that applied to the
other, a left-sensitive signal.

Local signals of two difference frequencies
are used in the mixer tubes to reduce the right-
sensitive and left-sensitive signal frequencies
to 10 and 7 kc respectively, to permit simulta-
neous amplification in the common-channel in-
termediate-frequency amplifier. All gain control
is applied to the i-f amplifier so that the
relative amplitudes of the signals remain con-
stant.

After passing through the i-f amplifier, the

10- and 7-kc signals are again separated and
amplified individually before they are applied
to a comparison rectifier. The purpose of this
comparison rectifier is to convert the 10-kc sig-
nal into a positive d-c voltage and the 7-kc
signal into a negative voltage, and then to com-

FIGURE 23. Close-up of Model X-3 BDI. pare the two. If the 10-kc signal has a greater
amplitude than the 7-kc signal, the positive volt-

5.5 MODEL X-3 BDI age produced by rectification of the former
exceeds the negative voltage produced by recti-

Experience gained during the development fication of the latter, and the output of the
and testing of Models X-1 and X-2 led to the comparison rectifier is a positive voltage. Con-
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FIGURE 24. Block diagram of Model X-3 BDI circuit.

versely, if the 7-ke signal exceeds the 10-ke received, and brightening of the trace occurs.
signal in magnitude the output is negative. The The visual indication takes place simultaneously
magnitude of the d-c output voltage of the with the audible reception of the echo on the
comparison rectifier is proportional to the sonar receiver.
difference in amplitude of the 10- and 7-kc sig- When an echo arriving along the axis of the
nals applied to it. projector is received, no deflection of the trace

The output of the comparison rectifier con- is produced because the output of the compari-
trols the output of the horizontal deflecting son rectifier is zero. However, a positive indi-
circuit of the cathode-ray tube. A positive volt- cation of the presence of the echo is produced
age applied to this control circuit (which simultaneously with the reception of the audible
includes the d-c amplifier and horizontal deflec- echo by the brightening circuit which causes
tion amplifier) causes the trace on the cathode- the trace to become more brilliant for the
ray tube screen to move to the right, while duration of the echo.
a negative voltage causes it to move to the left.

From this explanation it can be seen that an
echo coming from a direction either to the 5.6 MODEL X-4 BDI
right or to the left of the projector bearing
produces a visual indication by causing the As experience accumulated, it became evident
trace on the screen of the cathode-ray tube to that, although the units performed according to
deflect in the direction from which the echo is specifications, certain features could profitably
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MODEL X-4 BDI 101

be simplified both to make it easier to maintain
the units at peak efficiency and to simplify com-
mercial construction. The tuned circuit com-
ponents of the X-3 BDI, in particular, were
thought to be logical objects for further de-
velopment aimed at increasing the tolerances
allowable in their alignment.

INPUT CURRE NTS OF
SAME AMPLITUDE BUT

SIGNAL FROM RIGHT HALF DIFFERENT PHASE SIGNAL FROM LEFT HALF

5.6.1 General Description IN UT

The X-4 BDI looks much the same as the § -1

X-3 externally. Its component circuits are dif- V ''
ferent, however. All the differences make for LA L I A

wider tolerances permissible in manufacture T

and hence simplify the commercial production MIXER

of BDI's. The shipboard installation of the
COMMON. AMPLIFIER

units is also simplified. A Va'.9

Model X-4 was designed to meet the various DEODULATOR

performance specifications of Model X-3. 1 , In V °
the circuit of Model X-4 a common amplifier is LOWFREQUNCY AMPLIFIER

utilized for most of the amplification of the
signals delivered from the two sides of the
BDI lag line. Directionality information is PHASE-SENSITIVE

carried through this amplifier by means of V

local modulation impressed upon the carrier FILTER BRIGHTENI N

frequency. After amplification, a detector -
V3 HORIZONTAL DEFLECTION

which is sensitive to the phase of the modulation AMPLFIE

is used to produce right-left deflections on the
oscilloscope.

Model X-4 of the bearing deviation indicator CATHODE-RAY 0SCILLOSC0PE
contains only two band-pass filters (instead of
the four needed in the X-3 model) both tuned FIGURE 26. Simplified block diagram of X-4 BDI.

to the same frequency. Accordingly, the i-f
alignment is considerably simplified because Model X-4 makes possible the use of untuned, or
the information from both input channels is broadly tuned, input transformers, whereas
carried through the same circuit components. the X-3 model requires tuned input transform-
Also, only one superheterodyne oscillator is em- ers whose tuning has to be matched very closely,
ployed; hence, the oscillator tracking problem and maintained to this close match.
found in the X-3 model does not exist in the
X-4.

A signal, once inserted into the single channel 5-6.2 Circuit Analysis
amplifier of Model X-4 is not split again into
two channels. If any distortion occurs, both Figure 26 is a simplified block diagram of
channels are treated similarly, and no error in the X-4 type of BDI. Currents from the two
the center indication is introduced. This is projector halves flow through the untuned in-
not the case in the Model X-3 receiver, where put transformers T-1 and T-2 and are applied
the two channels are split in the output before to the two preamplier stages V-4 and V-5. A
rectification. lag line connecting both preamplifiers trans-

The use of a high intermediate frequency in lates the varying phases of projector currents
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FIGuRE 27. Signal at various points in X-4 BDI.

into varying amplitudes which are compared the carrier envelope in the common amplifier
to provide right and left indications. The right when equal signals are delivered by the right
and the left projector lobes are applied to a and left lobes and when unequal signals are
mixer-switching stage (V-6 and V-7). Simul- produced. It can be seen that the minimum of
taneous injection of a high-frequency signal the modulation envelope occurs at a relative
(near 80 kc) generated by one section of V-14 time t, when the right lobe is stronger while
produces a 60-kc difference frequency which maximum modulation is had at t, when the left
is amplified in the common amplifier V-8 and lobe is stronger. When equal signals are de-
V-9. livered by each lobe, no switching fundamental

In addition to the mixing action, V-6 and V-7 modulation envelope exists. Therefore, a sys-
serve as switches operated by the low-frequency tem has been provided which will indicate right
section of V-14. The electronic switching, at and left signals, in which the amount of right
a rate of about 400 c, alternately connects the or left deflection is determined by the depth of
60-ke common amplifier to the right and left modulation in the common channel.
projector lobes. This permits comparison, later One half of V-10 serves a function similar
in the circuit, of the absolute levels of signal to that of a second detector in a superhetero-
delivered by the two lobes, dyne radio. This detector supplies signals to

In Figure 27 are shown the envelopes of the low-frequency amplifier V-11, the output
the signals at the various stages in the BDI of which is shown in Figure 27B. It should be
designated by the corresponding letter in Fig- noted that this action has discarded the high-
ure 26. Figure 27A illustrates the shape of frequency 60-kc carrier but kept the modula-
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SUM-AND-DIFFEIENCE BDI 103

tion, thus preserving the proper information for
bearing deviation indication. With a balanced
signal coming directly along the axis of the The X-4 unit was tested over a considerable
projector, no 400-c signal is applied to V-11, period of time, with satisfactory results. In
while right and left signals produce a 400-c general, the indications furnished by Model
voltage which reverses phase as the bearing X-4 were identical with those furnished by

passes through zero. A 400-c filter serves to Model X-3. When both models were operated
remove undesired harmonic components which simultaneously from the same projector, the

are the result of switching in V-6 and V-7. The traces were frequently almost identical. The

purified 400-c voltage is then applied to the Model X-4 receiver was slightly more sensi-
phase-sensitive detector, V-12. A reference tive to undesired noise than the Model X-3, but

signal from the low-frequency oscillator is also this increased noise sensitivity amounted only

injected into this stage with wave forms as to about 2 db and tests indicated that the effect
shown in Figure 27C. This tube is arranged to would not be serious. By using tuned input

provide an increase in average plate current transformers the signal-to-noise ratio could
with one phase of 400 c from the receiver am- be made essentially identical for the two models.
plifier and a decrease of plate current with The CRO indications of the X-4 when listen-
the other phase. Thus, plate current will in- ing to hydrophone effect were still inferior
crease if a signal is received from the right of to the X-3. The deflections became a minimum
the projector bearing and decrease if a signal when the X-4 was trained on bearing, but
is received from the left (Figure 27D). This could not be brought to zero deflection, as was
stage is direct-coupled to the horizontal deflec- possible with the X-3 model. This slight advan-
tion amplifier, tage in performance on noise which the X-3 unit

In order that the oscilloscope shall indicate shows over the X-4 model is far outweighed,
average current in the phase-sensitive detector however, by the greater ease of construction,
rather than the instantaneous changes resulting installation, and maihtenance of the X-4 unit.
from the continuous switching, the detector
output is applied to the deflection amplifier
stage through a low-pass filter system which SUM-AND-DIFFERENCE BDI
effectively removes the 400-c switching ripple,
but permits relatively rapid changes in average DESCRIPTION

current to be indicated. The resultant trace on
a CRO screen therefore does not show any de- The sum-and-difference BDI receiver here

flection caused by the switching signal. described (see block diagram of Figure 30) is

One half of V-10 and one half of V-15 are a preiminary model intended for operation at

used in the brightening circuits to increase the about 26 kc. It was designed to work out

brilliancy of the CRO trace when an echo is certain questions about such a system for in-

received, clusion in the integrated sonar system.' For this
application it was intended that the BDI operate
at a higher frequency of about 40 kc.

MODEL X-4D BDI This type of BDI is advantageous when
used with the scanning sonar planned for the
integrated system because (1) it permits con-

basic X-4 circuit (shown in Figure 28), which nection of the scanning and listening receivers
came to be known as Model X-4B. A further to the projector without interaction, while
modification of the circuit (called X-4D) is
sowifiatin fue 29.cuit Th acidea w s allowing simplified switching to provide for the

transmission period, and (2) it eliminates the
same in both models, but the method of ac- use of a separate audio listening receiver, since
complishing certain of the results differed. this function can be performed by the sum
These differences are explained fully in ref-
erence 1. ,, See Division 6, Volume 16.
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FIGURE 30. Block diagram of sum-and-difference BDI integrated system.

channel. Although a convenience, the latter into the mixer in the sum channel. These
advantage does not effect a saving in tubes. phasing circuits are designed to give a 45-de-

gree shift at the oscillator frequency. For

CIRCUIT ANALYSIS changes in oscillator frequency of the order
of one octave the phase shift of one of the

The input to the receiver comes from pre- elements increases as the other decreases, so
amplifiers mounted on the commutators which that the total shift between the two channels
produce the scanning. In both sum-and-dif- remains close to 90 degrees.
ference channels the input is coupled to a The output of the mixer in each channel
varistor-balanced modulator circuit called an after passing through a band-pass filter is
RCG modulator. The output of the modulator transformer-coupled into the first grid of a
is coupled to a succeeding balanced modulator dual triode amplifier stage with negative feed-
varistor circuit called the mixer where the back. The output of the amplifier in each chan-
incoming signal is combined with a local oscil- nel goes to another varistor modulator which
lator to produce the required intermediate- is used as a manual gain control. Control is
frequency signal. The local oscillator is coupled obtained by applying d-c bias to the varistor
to the phasing circuits by means of a cathode by means of a potentiometer.
follower. The output of the second modulator goes

One phasing circuit is a 45-degree lead line to another dual triode amplifier section in each
which is amplified and fed into the difference- channel. This amplifier is identical with the
channel mixer, whereas the other phasing cir- previous one. The two channels are then mixed
cuit, a 45-degree lag line, is amplified and fed in a phase-sensitive detector circuit which
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SPECIAL PHASES OF BDI DEVELOPMENT 105

feeds a d-c signal to the grids of the push-pull for the adoption of the vertical-sweep-horizon-
deflection amplifier of the CRO indicator tube. tal-deflection method finally used in the BDI.

The output of the dual triode amplifier in the Zig-Zag Indicator. The zig-zag indicator
sum channel is also coupled to a power detector (Figure 31) appears as two parallel vertical
circuit where the incoming i-f signal is mixed lines on the screen of a cathode-ray tube. When
with a local oscillator to give a 500-c beat note only water noise is being received, these lines
for listening purposes. A single-stage triode are short and ordinarily equal in length. When
audio amplifier, which follows, feeds the beat
note to a power amplifier stage and thence to
a speaker and the chemical recorder. REVERBERATION

The output of the first stage of audio ampli-
fication is coupled to both an RCG circuit and ECHO PEAK

a brightening circuit. In the RCG circuit a -- L--

high signal voltage leaks into the input during
the transmission period. This voltage is recti-
fied by a triode having a fixed cathode bias so
that it rectifies only signals above a certain
level. The d-c output of the triode is used to RANGE
charge a capacitor negatively with respect to FIGURE 31. Zig-zag type of deviation indication

ground. The voltage across the capacitor is (target to right).

applied to the grid of a triode used as a d-c
amplifier. The capacitor is discharged through an echo is received, the length of the lines in-
a triode used as a diode which is subject to a creases according to the strength of the re-
delaying bias produced by another triode used ceived echo. If the lines are of equal length
as a rectifier. The latter triode rectifies volt- when an echo is received, the reflecting object
ages produced by reverberation. Consequently, is on bearing. If the lines are of unequal length,
the discharge of the condenser, and therefore the reflecting object is to the right if the right-
the gain of the receiver, is controlled by the hand line is longer; to the left if the left-hand
rate of decay of reverberation, line is longer. A left-to-right time sweep is used

The audio signal for the brightening of the so that the position at which the lines appear
BDI goes through an additional triode ampli- on the screen gives an indication of range.
fying stage and then to a rectifier. The d-c This indicating device was quite satisfactory
output of the rectifier is amplified in a d-c under conditions where a multiplicity of
amplifier-cathode follower and then is con- echoes was not received close together. Too
nected to a brightening limiter after which many echoes with small separation made it
it goes to the brightening grid of the CRO tube. difficult to read the indication.

It was also necessary to take steps to minim-
ize the small surges produced by the electronic
switching device. Their effect is opposite on the

5.8 SPECIAL PHASES OF BDI two lines and they cause unbalance of other-

DEVELOPMENT wise equal indications on weak echoes.
Leaning Tower Indication. In this method

METHODS OF INDICATING BEARING of bearing deviation indication, the echo causes
DEVIATION a single bright line to appear on the cathode-

ray screen (illustrated in Figure 32). This
A number of methods of indicating the devia- line is perpendicular to the sweep axis if the

tion of a target from the projector bearing reflecting object is on the bearing of the pro-
were developed at HUSL. Comparison of the jector. It leans to the right if the reflecting
relative effectiveness of these various forms object is to the right; left, if the left. A left-to-
of presentation gave a sound experimental basis right time sweep is used, so that the position
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at which the line appears on the screen is an With this, the meter can be kept short-circuited
indication of the range. The indicating line except during the time that the desired echo is
leans 4.4 degrees for each degree deviation be- being received.
tween the target and the center of the receiving Right-Left Indicator with Sweep. The right-
pattern, left indicator (Figure 34) finally used in the

The experience with this device was limited. X-3 BDI is the most useful of all the indicators
It appeared to work satisfactorily when tested which were tested extensively. This indicator
in conjunction with a sweep. It is worthy of resolves a large number of deflections close to-

gether better than the other indicators. It also
gives the simplest and most direct deviation

REVERBERATION indication for the sound operator to follow.

DOPPLERIZED EDI

Operational reports on the tactical use of
BDI made it appear worthwhile to investigate
the possibility of developing a unit that would
show greater discrimination between the target

RANGE echo deflection and the deflections caused by
wake echoes and reverberation. Since basic tech-

FIGuRE 32. Leaning tower type of deviation in- niques, especially the own-doppler nullifier
dication (target to right). [ODN] (see Section 4.3) and RCG (see Sec-

note that the leaning tower indication method tion 2.5) were already available for achieving
was found to be in use on German and Japanese
equipment.

Meter Indicator. A tube with a d-c meter ECHO PEAK

(Figure 33) in the plate circuit is substituted 
C

for the deflection amplifier of the X-1 type. The
meter, which is adjusted for a mid-scale read- W

zing in the absence of signal, indicates the right- <

(DREVERBERATION

MOMENTARY
KICK FIGURE 34. X-3 bearing deviation indication (tar-

get to right).

these ends for audible sound, it was natural
that attempts should be made to adapt the
same developments to the BDI. An early at-
tempt to apply RCG to the BDI showed that it

FIGURE 33. Right-left meter deviation indication, could be done at the expense of an additional
amplifier stage and an additional rectifier.

left indications. To secure satisfactory ballistic This, however, was considered at the time to
characteristics, it is desirable to damp the be too high a price for the advantage resulting
meter critically and to use a discharge time from replacing TVG by RCG.
constant some five times as great as for the The next approach to the problem dealt with
corresponding cathode-ray indicator. In order the enhancement of dopplerized echoes. All
to prevent confusion because of echoes from signals were allowed to come through and to
undesired reflecting objects and from reverbera- be impressed on the cathode-ray deviation in-
tion, use of a gate circuit is found desirable. dicator. When, however, some component of
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the signal-complex showed doppler, it activated units were attached to a projector which was
a frequency-discriminating circuit which in- split electrically into four quadrants, the con-
creased the gain of the system during the time nections from each being brought out sepa-
the dopplerized signal was coming through. rately. 17 By properly combining the connec-
This served to emphasize the part of the signal tions from the quadrants it is possible to have
-i.e., the echo from the moving submarine- the projector split into right and left halves
while still giving target deflections of ordinary and top and bottom halves. One BDI unit is
size on undopplerized signals. used with the right-left arrangement to indicate

the usual azimuth bearing deviation. A second
BDI connected to the top and bottom halves

TARGET RANGE BY BDI TRIANGULATION gives a depth angle deviation when the projector
Some thought was given at one time to the is trained in depth, i.e., about a horizontal axis.

possibility of installing a BDI at each end of a The installation was essentially routine except
ship and obtaining target range by triangula- for the problem of isolating the inputs of the
tion without echo ranging. No extensive ex- two BDI's since they have certain quadrants
periments along this line were conducted. of the projector in common. A new sonar trans-
What work was done, however, indicated that mitter was designed for use in this application,
although the BDI could be so used, such an called the dual frequency driver.'8 It delivers
application would place severe demands on the energy simultaneously at two ultrasonic fre-
maintenance of alignment of the BDI circuits. quencies to the quadrant-split projector, thus

permitting sound beams of different widths
to be used for determining the bearing and

BDI AND SCANNING SONAR depression angles of a submerged target. The
During the development of scanning sonar respective frequencies of the two channels of

receivers it was suggested that their bearing the driver are separately adjustable, one over
resolution and accuracy might be improved by a frequency band extending from 18 to 35 kc,
using simultaneous lobe comparison techniques. the other from 35 to 70 kc.
To test this proposal a number of experiments Some work was also done in the design and
were performed in which two beams separated construction of a unit modeled after a British
by a small angle were rotated, the signal re- depth-measuring projector called the "Sword,"
ceived on one beam being balanced against but split for BDI operation.
that received on the other. Thus the voltage
pulse resulting from the arrival of an echo
would be first positive and then negative and the BDI AND INTEGRATED SONAR
spot on the CRO screen brightened at the in- The purpose of the integrated sonar system
stant of crossover between the two pulses. development was to incorporate into a single
Although the scheme showed some promise in coherently designed equipment the many fea-
the light of the experiments, it was discarded tures which had been added as attachments to
at that time because of the comparatively poor the original QC gear and to use scanning sonar
cathode-ray scope indication and the complexity techniques to improve searching efficiency.
of the equipment. The study of the application Among other components which were amenable
of BDI to scanning systems was, however, re- to redesign on such a basis was the BDI. The
vived later.c previous models had by this time been tested

under a variety of conditions, and clearer ideas

BDI AND DEPTH DETERMINATION could be formulated concerning their relative
importance in meeting the various manufac-

It was natural also for BDI techniques to turing and operational needs. As a part of
be extended to depth determination. Two BDI this integrated system, therefore, design work

cA detailed explanation will be found in Division 6, was begun on another BDI.
Volume 16 on Scanning Sonar Systems. Considerations of stability, economy of com-
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ponents, and uniformity in the integrated sys- tion intensity. This can be done even when
tem made it appear desirable to employ the the echo is so weak as to give not the slightest
sum-and-difference method to give the desired distinguishable echo deflection on the BDI
bearing deviation sensitivity, trace, provided that it has doppler. Any system

In this type of BDI, which is described in which works only on the amplitude of sound
detail in Section 5.7, the sum of the signal and ignores frequency differences is neglecting
voltages from the halves of the split projector possible utilization of an extremely useful pa-
is fed into one channel, and the difference into rameter. BDI in its present forms is ignoring
the other. The two signals, representing the this.
sum and difference, are combined at the output Successful application of frequency-discrimi-
of the amplifiers to give a right-left indica- nating techniques will free the sonar operator
tion. Although at first this appears to differ from the complications introduced by wakes and
from the BDI types which employ lag lines, it is, reverberation and thereby provide a simple
nevertheless, true simultaneous lobe compari- solution of the present comparatively complex
son since mathematical analysis shows that problem of audible-visual correlation.

shifted lobes do appear in the output. Certain measures are possible for standard-
izing the BDI performance. Lag lines which
afford a constant phase shift and a constant

TESTING EQUIPMENT impedance independent of the operating fre-
In order to facilitate testing of BDI equip- quency would help effect such standardization.

ment, various items were developed. These A correlative aid would be testing of projectors
include the split projector test unit and the by means of beam patterns and phase tests be-
phase-sensitivity test unit, both of which are fore they are installed and rejecting those which
described in detail in reference 23. fail to meet certain established standards.

Conveniently located and simply operated
SPLIT PROJECTORS test equipment built into the instrument would

make easier the job of maintaining the BDI
A detailed analysis of split projectors is given at peak efficiency. The final aim in such equip-

in the report entitled "Bearing Deviation Indi- ment should be to make it possible for the
cator." sonar operator to test operation and carry out

adjustments by the simple expedient of observ-
ing the action of a meter. The deviation indi-

5.9 RECOMMENDATIONS FOR FUTURE cator tube itself might serve as such a meter.

WORK If this is not possible, external test gear should
be developed to enable frequent checking and
adjustment in the field.

GENERAL RECOMMENDATIONS

A desirable goal for future work in BDI SPECIFIC RECOMMENDATIONS FOR BDI
should be simplifications in circuits and in SPEOR

operation of the equipment. Application of
RCG techniques, which relieve the BDI operator Projector Testing. The split projector used
of TVG and gain monitoring, is one example. with BDI should conform to certain minimum

Of even greater basic importance is the work requirements to insure that the BDI perform-
on simplifying the deviation indicator trace by ance will be satisfactory. The economy of effort
application of doppler-sensitizing circuits (see in installing only good projectors is obvious,
Section 5.8). The advantages of utilizing the in that changing a projector is a laborious task
frequency difference between the echo and the and usually requires dry-docking facilities.
extraneous sound are best appreciated by one Recommended methods for doing this are

who has attempted to maintain contact on a described in the reports on projector test gear 9

weak echo some decibels below the reverbera- and split projector test units. 20 Beam patterns
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are described in the report on field studies of Provisions must be made to prevent the AVC
sonar domes. 21  system from being blanked out by wake echoes

BDI Brightening. The conventional echo or similar extraneous disturbances immediately
brightening circuit increases the brilliance of preceding reception of a target echo. To this
the cathode-ray trace whenever the absolute end, a discharge diode section is installed
level of the received signal is a given value across R-1 in order to discharge C-1 rapidly.
above the TVG curve at any given instant. This If R-1 is ten times the value of R-2, and if C-2
requires careful TVG matching for local con- is kept very small, the attack and release times
ditions as well as careful gain control adjust- of the AVC system will be approximately
ment. An inevitable result is the occasional equal.22

brightening of the trace for a considerable To avoid appreciable brightening on noise
period of time because of bottom reverberation spikes, the R-4, C-4 time constant should be
or other factors causing the amplitude threshold relatively long, and R-4 should have about ten
to be exceeded. times the resistance of R-3. The capacitances

Figure 35 shows a proposed circuit which C-2 and C-3 should be as small as possible
was designed to give a dynamic form of bright- compatible with peak carrier rectification.

Automatic Oscillator Tracking. A scheme
SIGNAL IN AMPLIFIER such as is shown in Figure 36 might be used to

- assure that the beat-frequency oscillators in
AVC ZW

:Model X-3 always track. This proposal con-
- sists in feeding one channel directly from a

R4
0 variable oscillator and feeding the other from

R-3 a mixer which gives the sum of the variable
R-I 4 oscillator frequency plus the difference fre-

S__ quency for the two channels. In this manner,
c- -2, 0-2 the difference frequency could always be main-

AVC BRIGHTENING tained, i.e., the oscillators would always track,
- DELAY DELAY provided the fixed oscillator was correctly set

FGURE 35. Proposed circuit for dynamic bright- initially, and maintained its frequency under
ening. operating conditions.

The scheme could be varied from that shown
ening with a sharp threshold without any man- by having two fixed oscillators, one for each of
ual controls. The AVC amplifier is designed to the channels. A variable-frequency oscillator
give a steady-state output, e,. The bias eb on the could be heterodyned with each of these to
class C stage is arranged to keep the grid of that give a frequency proper for each channel. If
stage below cutoff even on the positive peaks of the fixed oscillators were properly adjusted,
the AVC amplifier output. A sudden increase of the requisite frequency difference between the
input voltage, e,, then produces a correspond- two channels could be automatically main-
ing increase in AVC amplifier output, because tained.
of the AVC time constants. Therefore, the class Push-Pull Deflection Amplifier. In the single-
C stage delivers an output signal as soon as the ended deflection amplifier used in the X-3 BDI,
peaks of e, exceed the cutoff voltage on the the deflection coil is placed in the cathode cir-
control grid of the class C stage. If the bright- cuit. Current is fed from the negative power
ening rectifier includes some delay voltage, an supply through the coil in opposition to the
extremely sharp on-off brightening character- cathode current. This results in a reduction in
istic should be obtained, sensitivity of the amplifier because of degen-

By properly adjusting the absolute and rel- eration.
ative values of AVC amplifier output and cutoff The circuit of Figure 37 is a push-pull de-
bias, various amplitude thresholds may be flection amplifier excited by a single-ended
obtained. phase-sensitive detector in a kind of d-c phase
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FIGURE 36. Scheme for automatic oscillator tracking.
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+

FIGURE: 37. Push-pull deflection amplifier.

inverter circuit. It should have less drift than By proper construction of the coil it might
a single-ended deflection amplifier yet it does be found advantageous to feed the 6V6 plates
not require push-pull phase-sensitive detectors. (see Figure 37) through the deflection coils.
The increase in gain realized by putting the The use of push-pull deflection circuits and
coil in the plate circuit makes it possible to push-pull or balanced arrangements in those
increase the stability by using degeneration in portions of the BDJ employing d-c amplification
the cathode of the phase-sensitive detector. worked out very well in the polar presentation

CONFIDENTIAL



RECOMMENDATIONS FOR FUTURE WORK 111

BDI. 1 These methods should be considered within limits determined by the similarity of
wherever high stability and accuracy are de- the AVC characteristics. If TVG or RCG is
sired. to be applied to the BDI system, it may be

Separate Amplifiers with Pilot Signal Con- introduced through a single-stage variable-gain
trol. A persistent difficulty in BDI circuit amplifier supplying the common pilot tone to
design stems from the necessity of providing the two channel amplifiers.
for equal amplification of the signals from the This system has been tested experimentally
right- and left-steered channels. Much of the only in connection with BDI systems intended
development work described above has been for use on broad-band noise, but there appears
devoted to various solutions of this problem. to be no reason why it might not also be util-
One method of attack which has been used ized advantageously in BDI systems for echo
successfully in a similar design problem in- ranging.

OVERALL aP.

C HARACTERISTIC

TUNING I

BUTST ON

TUNING

INDICATOR

FIGURE 38. Block diagram of alternate BDI circuit No. 1.

volves the use of a pilot signal having a Alternate BDI Circuits. Figure 38 is the
frequency different from other frequencies in- block diagram of an alternate BDI circuit,
volved in the BDI circuit. This pilot signal is with some improved features.
generated by a separate local oscillator and The most noteworthy changes are the appli-
applied to the input circuits of the right and cation of gain control, both manual and TVG,
left channel amplifiers which may now be com- ahead of the lag line, the use of the same
pletely separate. A filter in the output of each intermediate frequency in both channels, the
channel amplifier selects the pilot tone for ganging of oscillator and input tuning, and the
rectification and application as grid bias for use of a cathode-ray tuning indicator.
AVC in the channel amplifiers. Since the same The purpose of applying gain control ahead
pilot signal is applied at each input circuit, of the lag line is to permit both signals to be
AVC at the pilot tone frequency insures that controlled simultaneously, without resorting
the gains of the two channels remain identical to a common channel amplifier with the at-
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tendant difficulties of matching band-pass flu- the input and tuned to the intermediate fre-
ters for different channel frequencies. Because quency as shown in Figure 40.
change, within reason, in relative amplitude If sufficient selectivity can be obtained in the
of the signals ahead of the lag line, does not band-pass filters, it may not be necessary to
affect the reliability of the BDI indication, the tune the input circuit. If any tuning is neces-
gain may readily be controlled at this point
provided no relative phase shift is introduced.
It is believed possible to have two medium gain
untuned or semi-tuned stages of amplification
ahead of the lag line without producing detri-
mental phase shift.

A single oscillator is used for two reasons:
first, to eliminate tracking difficulties; and
second, to permit balanced amplification and
filtering at the same frequency in both chan- -i
nels. FIGURE 40. Details of self-rectifying indicator.

Some simplification of the band-pass filters
should result from the use of the same fre- sary, it should be of low-Q nature in order not
quency for both channels. Three-winding tele- to be critical from a phase-shift standpoint
vision-type band-pass filters might be tried or and it should be ganged to the oscillator tuning,
the circuit consisting of two tuned circuits of thus requiring a three-gang condenser. To
equal Q used as one interstage transformer, change frequency, it would merely be necessary
and a single tuned stage with a Q only half as to depress the tuning button to connect in the
large used for the next interstage coupling tuning indicator, and rotate the tuning dial for
device as shown diagrammatically in Figure minimum shadow while the sonar driver key is
39. Such a circuit gives a flat top effect regard- depressed.

The i-f amplifiers would have to have a large
dynamic range; 6AG7 tubes would probably be
satisfactory. The balance control would be in
the screen circuits of these i-f amplifier tubes.

Another alternate BDI circuit combiningT- the advantages of the X-4 and the sum-and-
difference BDI is shown in the block diagram
of Figure 41. The sum and difference of the

FIGURE 39. Flat top interstage coupling system. outputs from the halves of the split projector
are obtained by the connections shown. Modu-

less of the amount of coupling used. It would lator A has its large signal supplied trans-
seem that it should be easy to adjust because of versely by the oscillator. Its small signal,
this feature. By use of high-Q circuits (1 and supplied longitudinally, is the difference signal.
2) the overall band-pass characteristics should The output of this modulator consists of the
be at least as steep-sided as the overall char- two side bands with the carrier suppressed.
acteristic for the X-3 BDI. After an appropriate phase shift (to bring the

By using a cathode-ray indicator while tun- resultant of the side bands into phase with the
ing the BDI receiver assurance will be given sum signal) these signals are added and ampli-
that operation will always be in the middle of fled in the RCG-controlled amplifier. Combina-
the pass band so that the flat top can be made tion of this modulated carrier with the oscil-
only wide enough to allow for maximum an- lator voltage in the phase-sensitive rectifier
ticipated change of frequency because of dop- gives a direct current proportional to the sig-
pler. The indicator should be of the self- nal amplitude and the deviation with the proper
rectifying type having a high-Q circuit across sense.
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PROJECTORAMPLIFIER

MODULATOR B

FIGURE 41. Block diagram of alternate BDI circuit No. 2.

The sinusoidal modulation allows a nar- @ ~ I  o

rower amplifier bandwidth and the combina- /

tion of sum-and-difference signals before am-
plification allows a definite relationship to be

MOTOLATOROA

set up between their various gains. The effec- CASA TORE"#tive lag line can be held constant, therefore, ciIMIT.2

at its optimum value for the type of deviation
curve desired. b

Double Pinging. Another approach might be .to obtain a sequence of signals significantly DOa-mE.................U..E.SIO.

different from reverberation by double ping- FROM DOUE '

ing. (This method is sometimes used by theoperator to verify contacts.) Figure 42 sug- -d RTY AM E

gests a possible form of visual presentation
of double-ping information. The circuit is in-

tended to produce cathode-ray tube brighten-
ing on the second echo when the two echoes

opertorto vrif conact.) Fgur 42 ug-VOLTAGE AT C

are separated by a definite time interval. Upon V- AT I

reception of the first echo, the negative recti- VOLTAGE AT

fier cuts off the series triode between the
positive rectifier and the cathode-ray tube,
thereby preventing transfer of brightening to VOLTAGE ATE

point C. When the first echo dies away, the FIGURE 42. Coded pulse brightening system for
negative control grid voltage immediately BDI.
drops, and brightening voltage is transferred
to point C. Since, however, the grid of the tern. Upon reception of the second echo, the
shunt triode is at ground potential, none of grid of the shunt triode is driven negative, and
this voltage appears at the output of the sys- any voltage then present at C is applied to the
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cathode-ray tube grid. If a second echo does to changes in intensity than it is to physical
not arrive, the voltage at C reaches ground displacements. Thus, one obtains proportion-
potential and that circuit is cleared for another ality of bearing deviation indication in this
cycle of operation. case at the expense of some of the visual cues

This brightening system, which is dependent to echo recognition afforded by the conventional
on changes of level, might be used in connec- right-left indication of the HUSL BDI systems.
tion with the conventional X-3 brightening The undeniable operating convenience of a
system to increase the dynamic range of bright- proportional indicator and the incidental ad-
ening on the cathode-ray tube. vantages which might accrue in the easier de-

Proportional Deflection BDI. Frequent ref- sign of automatic target training systems would
erence is made to the tactical advantages which justify a recommendation that further develop-
might accrue if the deflections of the BDI were ment work be devoted to this design and pres-
accurately proportional to the deviation angle entation problem.
of the echo target. These advantages would
appear to be so compelling as to demand an
explanation of why proportionality has not 5-0EVALUATION OF PERFORMANCE
been provided in HUSL EDI systems.

Most BDJ deflection circuits which provide As would be expected with any new equip-
proportional indication incorporate either AVG ment, the first few months of its operation
or limiters to remove amplitude variations for raised certain questions which could be an-
purposes of making the indication responsive swered only in the light of a considerable
to phase alone. This automatically produces amount of experimental evidence. Among
proportionality, since the relative phase at the these, in the case of BDT, were the following.
two projector segments is a function only of 1. To what extent is the EDI susceptible to
the angle of arrival of the incident signal. It being misled by the submarine's wake?
necessarily follows that a low level signal such 2. What can be learned as to the quality and
as a small burst of reverberation or noise quantity of the information which the BDI fur-
originating, say, to the right of the projector nishes to the conning officer and the sound offi-
will produce the same deflection as a strong cer ?
target echo similarly located. Since reverbera- 3. What can be learned as to the ability of
tion and noise each fluctuate in both amplitude Service personnel to operate the EDT effec-
and direction of arrival, it becomes obviously tively?
necessary to provide some form of amplitude Experiments were undertaken to answer
threshold level which must be exceeded before these questions. The data gathered were of the
a bearing deviation is indicated to the op- following two sorts.
erator. This requirement in turn denies to the 1. Observations made during a series of 150
operator the coordination of audible and visible EDT runs on a submarine employing full evasive
responses for echo signals which are very close tactics.
to the noise or reverberation level. 2. About 2,200 each of BDI and cut-on ob-

Another method of presenting the available servations on a submarine running at periscope
information in a proportional EDI system in- depth.
volves the use of signal intensity to provide Two groups of Navy personnel constituted
Z-axis modulation or spot intensity control for the EDT operators during these tests. One con-
a CR0 display in which angular deviation is sisted of sound instructors with from three to
shown by right or left deflection of the echo six months' BDI experience. The other group
spot, all imposed on a vertical range sweep. was made up of recent graduates of the fleet
This method can be used in a display such as sound schools who had no previous experience in
the sector scan system developed by the Naval EDT operation. By conducting the tests in this
Research Laboratory. It is well known, how- manner, operation of the equipment by approxi-
ever, that the eye is very much less responsive mately typical field personnel was assured.
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5.10.1 grees of the periscope. Fleet sound school grad-
.General Conclusions uates, after only one lecture and one or two

COMPARISON OF BDI WITH CUT-ONS practice runs on BDI, also obtained 70 per cent
of all their BDI bearings within a ±_+2-degree

The principal conclusions drawn from these band. Scoring the two groups on cut-ons showed
experiments may be summarized as follows, the superiotity of the more experienced men,

1. BDI average bearing errors are less than who obtained 48 per cent of their computed
computed center bearing errors. center bearings within a ±+2-degree band, as

2. The shaded band (dispersion of bearings) compared to 34 per cent for the recent sound
for the BDI data is narrower than that for the school graduates. The percentages are based on
computed center bearing, indicating that the 2,200 BDI observations (1,350 by instructors,
BDI gives the more reliable information. 850 by sound school graduates) and 2,150 cut-on

3. The BDI bearing is a more accurate and observations (650 by instructors, 1,500 by grad-
reliable reference point than either the leading uates). These results indicate that BDI opera-
edge or the trailing edge. tion is relatively easily learned.

4. During search, BDI is of aid as a visual
check on contact.

5. BDI is extremely useful in helping hold BDI DEFLECTION AND ECHO STRENGTH

the target during the initial rapid turn to head The question is sometimes raised as to
for the contact. whether or not the BDI will give deflections for

6. Because of its smaller dispersion and the all audible echoes. The answer is that it will
fact that it supplies bearing information more not. Sometimes a very weak echo, chiefly dis-
rapidly, the EDT increases appreciably the abil- tinguishable by doppler shift, can be heard when
ity of the sound operator to recognize bearing no observable echo appears on the BDI screen.
drift. Increased rapidity of flow of information This is particularly true when wake or rever-
and increased bearing accuracy are both of con- beration is affecting the BDI trace. On the other
siderable value during the fast-moving attack hand, sometimes echoes which might conceiv-
on a bow target. ably be unnoticed by the ear can be seen on the

7. With BDI operation, a more easily dis- screen. This is most frequently true for echoes
tinguished doppler shift is obtained. This is with little or no doppler. It is not of frequent
caused by the fact that since proper BDI opera- occurrence.
tion calls for the sound beam to be on the target
at all times, an echo is obtained on almost every
ping, so that less "pitch memory" is required to SOUND RECORDER TRACES WITH BDI OPERATION

compare successive echoes for doppler shift. The sound range recorder trace undergoes
8. With BDI operation, an almost unbroken some changes when BDI center bearings are

sound range recorder trace is obtained. Right being used. All these changes stem from the
and left edges of the trace line up fairly evenly fact that the sound beam is, on the average,
regardless of target aspect. This facilitates de- much closer to the target center than it is in
termination of range rate and firing time, par- cut-on operation. Therefore, the "wake loops"
ticularly for ahead-thrown weapons. which appear as characteristics of bow or quar-

ter targets in cut-on operation, are minimized
in good BDI operation. The echo trace shows

As mentioned earlier, two general groups of some individuality for target angles about 20
operators were used. Consequently, a compari- degrees either side of direct bow or direct stern.
son of the performance of BDI in relatively The remaining wide angles either side of beam
skilled and unskilled hands was possible. are fairly indistinguishable as regards the

The sound instructors, with from three to six chemical recorder trace.
months' experience with BDI obtained 70 per The BDI chemical recorder trace, however, is
cent of all their BDI bearings within -2 de- highly intelligible, especially when used in con-
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junction with doppler. The even appearance of b. One recommends that BDI be used, but
the echo trace facilitates accurate range rate that bow cut-ons be interspersed among
readings as well as firing time determinations, the center bearings.

c. One recommends that BDI be used and that
the operator train forward every third or

5.10.2 Summary of BDI Doctrine fourth ping to get a leading deflection.

Proposals 3. All proposals caution that the operator
should lead the target center frequently, and

There have been four major sources of pro- that attempting to stay always exactly on a
posals for BDI doctrine. The following is a center bearing is dangerous.
brief comparison of the chief points in the pro- 4. One proposes that after three or four BDI
posals: center bearings are obtained, the operator take

1. All are in agreement that the BDI trace cut-ons and then return for three or four more
must be interpreted audibly plus visually. Two BDI bearings. Such procedure has the advan-
specifically include drawings to aid the operator tage of preserving certain features of the sound
in distinguishing between wake and hull indica- range recorder trace characteristic of cut-on
tions in the various target aspects. These sets operation, but it would probably rob BDI of
of drawings are in close accord. many of its most valuable attributes.

2. The question of the beam submarine (un- As is evident from these comparisons, there is
dopplerized echo) is treated in the four pro- good agreement on many important points.
posals as follows. With the exception of the treatment of the beam

a. Two recommend that BDI not be used on target, three of the four proposals are in close
a beam submarine, agreement.
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Chapter 6

ECHO-RANGING RECEIVING EQUIPMENT

An Improved Echo-Ranging Receiving
Equipmient

The improved echo-ranging receiving equip-
ment was designed as a replacement unit for
existing receiving racks, to provide greater
operator comfort and efficiency and improved
accessibility for maintenance. The unit is a
console-type construction with provision for
seating the sound operator comfortably. The
single console includes MTB, BDI, TVG, a
chemical range recorder, and a CRO for pres-
entation of the echo pattern. Six preproduction
consoles were built by CUDWR-NLL and were FIGURE 1. Sonar receiving equipment; left, the
used as guides for production models. The pro- Mark II improved echo-ranging receiving rack;

duction consoles were manufactured by the Sub- right, the existing sonar "stack-type" rack.

marine Signal Company and the Radio Corpora- of which had been initiated earlier as separate
tion of America Manufacturing Company and projects. In addition, the modified rack in-
respectively designated by the Navy as the QGA cluded a chemical recorder for indicating range,
and QGB. oscilloscopic presentation of the echo pattern,

and several other new operating features.
6.1 INTRODUCTION The physical arrangement of the modified

equipment provided a console type of construc-
The arrangement of components in the old tion, permitting a concentration of the most

style echo-ranging rack, with the range and important indicators and operating controls in
bearing indicators widely separated from the a convenient location for a seated operator, as
most important operating controls, made it diffi- well as greater accessibility for maintenance
cult for the sound operator to observe and con- and repair. The new features and arrangement
trol the equipment. This difficulty was en- combined to increase markedly the range and
hanced by several undesirable characteristics of bearing information obtainable per unit of time.
the gear: (1) the true bearing of the projector By the time this program was completed the
was a function both of the adjustment of the need for new gear was so great as to require
training control and of the ship's heading, (2) the manufacture of complete echo-ranging sys-
no direct means was available to indicate the tems rather than replacement receiver racks.
direction of training adjustment necessary to Consequently, the modified rack, Mark II, was
stay on a target, and (3) the level of initial used for extensive tests of the new features and
reverberation fatigued the ears of the sound physical arrangement and as a guide in the
operator. development by manufacturers of equipment

A development program was undertaken for for installation on new ships.
the purpose of incorporating improved circuits
in a more conveniently arranged receiving rack.
These included maintenance of true bearing 6.2 DESIGN CONSIDERATIONS
[MTB] (see Section 3.7), bearing deviation in-
dication [BDI] (see Section 5.2), and time Because echo-ranging gear must be manned
variation of gain [TVG] (see Section 2.2), all continuously for long periods of time and dur-
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118 E1(10-I{ANGING RE(EIVING EQUIPMENT

ing all conditions of sea, maximum provision components of the echo-ranging equipment or
was made for the comfort and efficiency of the to the ship. With this objective in mind, the
operator. Range and bearing indicators and modified equipment was designed to fit existing
most important operating controls were located rack frames, to make maximum use of com-
where they could most easily be observed and ponents already in production, and to connect
adjusted. to cables from other components of the existing

With relative-bearing projector training, the equipment.
necessity of compensating for changes in the
heading of the searching vessel increases the
time required to obtain range and bearing
readings. These bearing compensations also
increase the difficulty of retaining a target once
it has been located. Therefore a means was
provided for maintaining a constant true bear-
ing orientation of the projector except for
changes made by the operator.

A method of indicating right or left devia-
tions between the bearing of the projector and
that of the target was incorporated so that,
upon obtaining a contact, the operator could
immediately correct the projector bearing with-
out recourse to constant cutting on and off the
target.

The rate of opening or closing of target
range, obtained by comparison of several suc-
cessive range indications, is information of
primary importance to the attack problem. For
this reason, and in order to aid the operator in
estimating the location of partially obscured
echoes, a means was provided for automatically
recording range.

Since signals due to reverberation generally
differ in pattern from well-defined target echoes,
visual presentation of the entire reverberation
pattern was provided as an aid to the detection
of weak echoes from real targets. FIGURE 2. Mark I improved echo-ranging receiv-

Certain information concerning the char- ing rack.
acter of the target is best obtained from an
audible signal even when the range and bearing 6.3 THE MARK I RACK
information is adequately presented by visual
indicators. Therefore, a method was devised The Mark I model, is shown in Figure 2.
for suppressing initial reverberation, by means This unit, with the most important indicators
of an automatic gain control circuit, to reduce and operating controls located on a console,
the aural fatigue of the operator. incorporated true bearing training of the pro-

To avoid operator eyestrain, attention was jector (MTB), a means of indicating the right
given to balancing the lighting of the indicators, or left deviations of projector bearing (BDI),

An initial objective in the development of the and a circuit for time variation of the receiver
modified rack was the design of a receiver con- gain (TVG). In addition, the Mark I unit em-
sole which could be substituted for existing ployed a chemical recorder for indicating range,
gear without extensive alterations to the other balanced fluorescent lighting of the indicators,
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and presented the BDI indications and the echo right-left deviations, made the range recorder
pattern on a single oscilloscope, a stand-by for the CRO equipment.

In the development of this first model, a num- During the later stages of construction of the
ber of schemes were investigated and discarded. Mark II equipment the addition of automatic
A flashing neon-lamp type of range indicator volume control [AVC] was considered and a
with a circular range scale was abandoned in suitable system was developed.1 AVC was added
favor of the chemical range recorder. The use to two Mark II units which had been installed
of twin amplifiers of new design or of two on Navy sound school vessels for tests, but the
standard echo-ranging receivers was proposed small improvement over TVG did not warrant
as a means of providing BDI amplification, the increased complication of the equipment.
However, because these lacked adequate phase
and amplitude stability, a simultaneous lobe
comparison [SLC] amplifier circuit (see Section GENERAL ARRANGEMENT
5.2) was selected. Although two 5-in. cathode- The Mark II modified receiving rack is shown
ray oscilloscope [CRO] tubes were used ini- in Figure 1. The power-supply circuits are lo-
tially to present the BDI indications and the cated in the bottom panel below the indicator
echo pattern trace, the development of a means and control console and the standard hetero-
of superimposing the BDI trace on the echo dyne receiver is located directly above the con-
pattern oscilloscope eliminated the necessity sole, thereby making the most important op-
for two tubes. erating controls conveniently accessible to the

After the performance of the Mark I had operator. Above the receiver, the BDI circuits
been satisfactorily demonstrated in sea tests, fill the remaining space to the top of the rack,
this model was used as a guide in the design leaving panel space at the top for the switches
and construction of four additional units, all controlling the power supply to the driver cir-
designated as Mark II, to be used as preproduc- cuits and hoisting motors.
tion models and for further tests to evaluate Particular consideration was given to arrang-
more fully the new features and arrangement. ing the rack in such a manner as to facilitate

accessibility for inspection and maintenance of
all the components. The console, hinged at its

6.4 THE MARK I RACK lower edge, swings down to give access to the

CR0 and range recorder which may each be

Although research had resulted in several dropped forward to expose the wiring. The

new and promising developments since con- power supply, receiver, and BDI chassis each

struction of the Mark I, to speed up the delivery pulls out on rails to expose the top of the unit,

of production units no extensive rearrange- and pivots as illustrated in Figure 3 to expose

ments were incorporated in the Mark II equip- the wiring on the under side. The power con-
ment. A number of modifications were made, trol panel is hinged at the top edge and swings
however, in order to incorporate improvements up to give access to its back side and to permit
which experience and testing of the earlier unit the BDI chassis to be pulled out.
had indicated to be necessary for optimum per-
formance. MAINTENANCE OF TRUE BEARING [MTB]

Improved BDI circuits necessitated redesign
of the physical layout of the BDI amplifier. A The MTB arrangement of the modified echo-
new MTB circuit was included which elimi- ranging equipment holds the projector axis in
nated the differential gearing in the follow-up a constant true bearing orientation unless
system of the Mark I rack. A further change changes are made by the sound operator. The
in the new model was the addition of a second mechanism used to accomplish this employs
pen on the chemical range recorder to record signals from the gyro compass to permit auto-
the right-left indications. This second pen, in matic control of the projector bearing by a re-
addition to providing a permanent record of the arranged servo system (see Section 3.8).
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120 EC1tO-RANGING RECEIVING EQUIPMENT

time the first Mark II units were put into oper-
ation, a directive was issued which required the

- use of an indicator having dials with the con-
ventional arrangement, i.e., with true bearing
indicated by a moving inner scale and relative
bearing shown on the fixed outer ring. This

'4 necessitated a redesign of the MTB unit and
the new system was added to the Mark II units
on sound school vessels as a field modification.

BEARING DEVIATION INDICATION

Indication of right or left deviation of the
projector axis from the center target bearing
is accomplished in the Mark II rack by simul-
taneous lobe comparison (see Section 5.2). In

FIGURE 3. ]Bottom view of BDI amplifier chassis, essence, the SLC amplifier circuit provides a
showing accessibility arrangements. means of obtaining bearing deviation indica-

tions from a single projector electrically split
In the type of MTB system first incorporated into two halves. The signal from each half is

in the Mark II rack, the bearing dial was ar- fed into its own amplifier, oscillator, and modu-

TWO PEN SPRING
CARRIAGE-\ CARRIAGE RETURNS CARRIAGE PULL STRING

SCALE]"

- TAE O

FRONT VIEW SIDE VIEW

FIGURE 4. Two-pen Sangamo chemical range recorder.

ranged with the true bearing scale on the fixed lator, and the two circuits are interconnected
outer ring and the relative bearing scale on the by a phase-delay network, so that the phase
moving inner section, a reversal of the original difference between the voltages received from
significance of these dial elements. About the the right and left projector halves is converted
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to an amplitude difference in the signals to the jector halves differ in phase if the projector is
modulators. This amplitude difference is subse- not accurately on the target bearing. This
quently utilized, through an arrangement of phase difference is converted, by means of the
filters and rectifiers, to produce right-left de- BDI circuits (see Section 5.2.1) into a differ-
flection of a CRO tube trace and to actuate the ence in amplitude between two signals having
BDI pen of the range recorder. different frequencies. These signals are fed

into separate rectifiers at the recorder. One
side of the output of each rectifier is connected

THE RANGE RECORDER to a separate stylus. The steel roller beneath

Target range is indicated in the modified the paper forms a link in a common ground re-
receiving rack by means of a two-pen chemical turn path to the rectifiers so that current flows
recorder (Figure 4) which also presents a through the paper from the styli. Since the
graphic record of the right or left deviations intensity of the trace varies with the amount
of projector bearing. In this recorder, moist of current flowing through the paper, a differ-
electrochemically sensitized paper is withdrawn ence in magnitude of the rectified signals will
at constant speed from a closed container by result in differences in the trace densities. As
means of two geared steel rollers. A carriage, the two styli are slightly offset from each other
to which two electrically separated styli are in range, an indication of right or left deviation
attached, is driven periodically from left to of the projector bearing is obtained from the
right across the paper at right angles to the position of the darkest echo trace. Range scales
paper's motion. The styli, by feeding electric are calibrated so that the location of the echo
current through the moist paper to a steel idler trace indicates the target range directly in
roller, produce visible traces whose density yards.
varies in proportion to the amount of current
passed. OSCILLOSCOPIC PRESENTATION

The carriage is moved from left to right by a
cord wound on a pulley and driven, through a The echo pattern and right-left indications
magnetic clutch, by a synchronous motor and are presented in the Mark II rack by means of
gear arrangement which is also utilized to move a single cathode-ray oscilloscope having a long-
the paper rollers. Electric contacts are mounted persistence screen. The apparently simultan-
on the carriage to key the outgoing pulse at eous presentation of the two traces is effected
the beginning of the stylus transit, and to de- by use of an electronic switch which permits
energize the magnetic clutch of the carriage the CRO to be used for the echo pattern and
drive at the end of the cycle. As the carriage the right-left indications on a shared-time basis.
is drawn from left to right, light helical springs An increase in the deflection of the right-left
on its track are compressed and serve to return indicator trace may mean either that the target
the carriage rapidly to its starting point when bearing error has increased or that the echo
the magnetic clutch is de-energized. giving the indication is of greater intensity

Two paper speeds and two carriage speeds than a preceding echo from the same target.
are available through the synchronous motor The measure of echo intensity given by the
and gearing arrangement. The fast speed ac- oscilloscope aids, therefore, in interpreting the
commodates ranges up to 1,500 yd and the BDI trace. A typical echo pattern and right-left
slow speed is used for longer ranges between trace is shown in Figure 5.
1,500 and 3,750 yd. In addition, the carriage
"fly-back" contacts may be moved to the right TIME VARIATION OF GAIN
or left on the recorder chassis to regulate the
length of travel of the carriage and permit it Time variation of gain is effected in the
to be returned for the start of a new cycle as modified equipment by the use of a simple
soon as the echo is received, electrical network (see Section 2.2) which

Echo signals from the right and left pro- causes the amplification to increase from a very
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which controls the gear ratio of the recorder.
Illumination levels of all dials and instruments
are balanced to reduce eyestrain.

6.4.1 Tests

In the installation of Mark II racks on sound
school vessels, provision was made for com-
parative tests between the original echo-rang-

EFFET OTVG
la * o

FIGURE 5. Appearance of CRO screen showing
typical echo pattern and right-left trace.

low value, at the initial stage of the receiving * B U U
cycle, at a rate compensating approximately
for loss of echo strength with range. The use "*1
of this circuit, by reducing the formerly high
initial reverberation level, minimizes listening 2
fatigue and eliminates overloading of the vis-
ual indicators without impairing response to
real targets.

PANEL ILLUMINATION

The use of a cathode-ray tube on the console
of the modified receiving rack limits the bright-
ness of illumination desirable for the bearing
dials and for the range recorder. In the Mark (A
II rack the engraving of the bearing dials and
pointers is filled with fluorescent material and
illuminated by ultraviolet light. Suitable opti-
cal filters at the light source prevent visible L ' .,
light from reaching the dials and also prevent K'
the escape of ultraviolet radiation from the
panel. This avoids possibility of injury to the
operator's eyes and also excitation of the CRO FIGURE 6. Submarine signal company production
screen, unit QGA receiving rack.

Range graduations are shown on the re-
corder by translucent scales under the record ing receiving equipment and the modified racks.
paper. By means of light filters the correct Thus it was easy to obtain an effective com-
scale is automatically selected by the switch parison of the two equipments.
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It was found that the MTB feature of the arrangement, MTB, BDI, the use of a recorder
new rack made it possible to obtain two to three to indicate range, TVG, and easy accessibility
times as many echoes, in the period just follow- for inspection and maintenance, first incor-
ing first contact, as were obtainable in the same porated in the Mark I and Mark II models.
period with relative bearing training. Simi-
larly, the tests indicated that at least twice as
many echoes per unit of time were obtainable
as a result of the BDI feature. In addition, the
rapidity with which a new operator was able -
to learn to operate the equipment was markedly
greater with the new arrangement.

As a result of these tests, the convenient
console layout, MTB, BDI, TVG, the increased
accessibility, and the range recorder were con- - _ _

sidered worthwhile improvements. On the
other hand, the echo pattern trace on the oscil-
loscope, the dual pen on the recorder for right-
left indications, AVC, and the bearing dial with
interchanged true and relative bearing scales
were considered to be undesirable or of doubtful ;
value. I ' :

6.4.2 Production Models(0

The need for complete new echo-ranging sys- "
tems for installation on new ships was so urgent
by the time the Mark II rack was completed, .
that this unit was not used as a preproduction .

model as originally intended. Instead, the Navy
requested two manufacturers to develop com-
plete new equipment incorporating most of the
Mark II receiving rack features. The resulting
production units, QGA and QGB (Figures 6 FIGURE 7. RCA manufacturing company produc-
and 7), retained the features of console-type tion unit QGB receiving rack.
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Chapter 7

ANCHORED VESSEL SCREEN

7.1 INTRODUCTION produce a pair of voltages proportional to the
x and y components of the radius vector to the

ANCHORED VESSEL SCREEN [AVS] was de- target. When these output voltages were ap-
veloped as a means of protecting ships at plied to the x- and y-deflection plates of a

anchor from miniature submarines and small cathode-ray tube, the cathode-ray oscilloscope
manned torpedoes. Because of the small amount [CRO] screen presented a map of the region
of noise generated by these objects, direct lis- around the ship with a bright spot in the rela-
tening was ineffective. Previous echo-ranging tive position of the target.
equipment was not suitable for the detection of In the HUSL model, the CRO screen gave a
nearby bodies of such small size. similar map of the surrounding territory, but

The problem was to produce a small high- by more mechanical means. A directional trans-
frequency echo-ranging device which would be ducer was rotated by a motor back and forth
as nearly automatic as possible. This should between two adjustable limit switches, thus
present to a relatively unskilled operator a con- scanning any desired sector around the ship.
tinuous picture of the location of all under- A deflecting coil on the CRO was rotated in step
water objects, down to the size of a 3-ft sphere, with the transducer by a mechanical linkage
which are not over about 300 yd distant or 60 between the two. The magnitude of the deflec-
ft deep. The precision in azimuth should be tion produced by this coil was governed by an
about 10 degrees. electronic sweep circuit which moved the beam

The problem was attacked independently by radially outwards starting from center at each
the Bell Telephone Laboratories [BTL] and the ping. Thus an echo produced a bright spot on
Harvard Underwater Sound Laboratory the screen at a position corresponding to the
[HUSL]. Each group produced a model which target in both bearing and range. Audible in-
received preliminary tests, but the need for the dication was also provided in this model.
device passed and the AVS project was there- Anchored Vessel Screen Mark II (BTL)
fore dropped before a final design was reached
by either laboratory. Anchored vessel screen [AVS] Mark III, de-

The BTL model (AVS Mark III) involved veloped by BTL, is an echo-ranging system

no moving parts, but it contained rather exten- developed for protection of anchored vessels

sive electronic circuits. A short pulse of 32-kc from small submarines and manned torpedoes
sound was projected in all directions in the at a range adequate for defensive action. It
horizontal plane. A returning echo was re- consists essentially of (1) a projector radiating
ceived by a group of five crystals in a hori- vertically directional pulses over 360 degrees of
zontal square array. Since each of these crystals azimuth, and (2) a directional hydrophone ar-
was, in general, at a different distance from the ranged as a double dipole to give azimuth bear-

target, each received the sound in a different ing scanning for target echoes received over
relative phase. By proper comparison of these 360 degrees. A PPI screen presents a ship-
phases, the bearing of the target could be de- centered map of relative target position. Al-
termined. The range could then be deduced as though models indicated that, with modifica-

usual from the echo time delay. Actually, in tions, the instrument presented a satisfactory
this design the voltages from the various receiv- solution to the problem, the project was discon-
ing crystals and from the timing circuit were tinued in the interest of other projects carrying
combined in such a way as to automatically higher priorities.
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dipole-type hydrophone is able to supply infor-
mation on bearing can be understood by refer-
ence to Figure 2.

Five receiver units, disposed as shown in the
*** i..! figure, provide two dipoles, one along each

diagonal of a square, and a reference unit atj the center of the square. If sound of wavelength
twice the length of the diagonal arrives from a

loc source in the same plane as that of the receiver
WC

A,/

FIGURE 1. Laboratory model of the AVS Mark". - cos 0 C'
III, electronic equipment, front view.

- -B
2

7.2 GENERAL DESCRIPTION AVS B,

MARK III AZ

FIGURE 2. AVS Mark III, special hydrophone layout

Separate projector and receiver units are and vector diagram with resulting electrical signals.

provided in the BTL version of AVS. The pro-
jector consists of a vertical array of crystal units, a simple relation can be deduced between
units, a line about six wavelengths long. It the resulting electrical signals and the direc-
sends out short periodic pulses of sound rather tion of the source.
uniformly in all directions. The receiving hy- Let sound arrive from the direction € with
drophone consists of a nondirectional unit respect to the diagonal A,A,. Let 4, be the

and two dipoles at right angles to each other. difference between the phase of the sound at C

These feed through separate amplifier channels and at A, (or A.), and ¢ the difference between

whose relative outputs are thus a function of that at C and at B, (or B.). Then,

the bearing of the target. This information, 7(

together with information on range, is then 2
given plan position indicator presentation on 7 .
the screen of a cathode-ray oscilloscope. ' si 0.

The presence of a target is indicated by a The electrical signal for each dipole is obtained
bright spot on the screen, its position being an by electrically connecting the two members of
immediate indication of the location of the the dipole in parallel opposing, thereby dis-
target. Furthermore, the brightness of the tinguishing against sounds arriving in the ver-
spot is an indication of the size of the target. tical direction. The voltage output of a pair of

The equipment was designed to operate at identical a-c generators connected in this man-
32 kc-sufficiently above that of standard sonar ner will be half the vector difference between
systems to avoid interference, and yet near their individual voltages.
enough to make use of the knowledge already The vector diagram of Figure 2 shows the
available in this region. resulting electrical signals. The vectors A, A,

B,, B., and C, represents the signals from the
7.2.1 Dipole Theory respective units. The vector A which is half the

difference between vectors A, and A, repre-
The receiving hydrophone consists of a non- sents the output of dipole AA,. Likewise B is

directional unit and two dipoles at right angles the output of dipole BB.,. It will be noted that
to each other. The manner in which such a the two dipole signals are always 90 degrees out
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Now, if the x and y deflections of a CRO
electron beam are made proportional to signals
A and B respectively, the angular position €
of the CRO spot with respect to the x axis will
be approximately equal to o. More precisely,
the angle will be

= an r/2 sin 0) (2)

which deviates from 9 by no more than ±8
degrees in each 90-degree quadrant.

7.3 DETAILS OF AVS MARK III

7.3.1 The Transducer

FIGURE 3. AVS Mark III projector and receiver A photograph of the cylindrical transducer
assembly. assembly is shown in Figure 3. The assembly

of phase with the signal from the C unit and includes (1) a line projector unit mounted along
either in phase or out of phase with each other the axis of the cylinder somewhat above the
depending on the direction of the source. As middle, and (2) a receiver unit mounted at the
will be pointed out later, the signal C, is shifted bottom face down. Both units are bathed in
90 degrees in the amplifier, thus yielding the castor oil and are provided with pc rubber
vector C in the figure. Theoretically, C is windows. The entire assembly is about 40 in.
nondirectional. The amplitudes of A and B as long, 612 in. in diameter and weighs about
a function of direction are 120 lb. It is designed to hang with its axis

A =A 1 i7r cos ¢ vertical.
in '

B = B1 sin 7rsin-¢. THE PROJECTOR UNIT2

Furthermore, A, = B, for the case of identical A considerable amount of experimentation
receiver units. was required to obtain a projector design which

APPROX I0" _-

(6 WAVE LENGTHS) o
r" -

- I-4U, z

FIGURE 4. Crystal layout of two-line projector in AVS Mark III.
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would provide a beam with uniform horizontal from the desired uniform omnidirectional
distribution and at the same time have a suit- characteristic.
able mechanical structure. The crystal layout
-of the second completed experimental model is THE HYDROPHONE UNIT

shown in Figure 4. Quarter-wavelength 45-
degree Y-cut Rochelle salt crystals are mounted Resonated quarter-wavelength 45-degree Y-
back to back in two vertical lines on a mounting cut Rochelle salt crystals are also used for the
plate, the structure being designed to resonate
in water at 32 kc.

The power which can be radiated continu- [_.
ously by a projector of this area, without cavi-
tation or damage to crystals, is about 25 watts. L
However, for short intermittent pulses it was I.
found that much more power could safely beM
radiated-about 600 to 700 watts for 2- to m-
3-msec pulses at i/-sec intervals. _

The variation in response of the projector
with elevation is shown in Figure 5. Its sen- FIGURE 6. Crystal layout for the double dipole

hydrophone, AVS Mark III.

330* 0 30" receiving unit. The assembly drawing of Fig-

ure 6 shows the layout of the crystals. They are
-- MURED arranged in a square about 1.1 in. to the side10 --- GCOMPUTED'

330
°  

0. 30
°

203

300 600 THEORETICAL
30 - 1-3 UNTS MEASURED /

2 , --- 2 4 UNITS MEASURED

300* 600270
°  

90
e

0900

940* 
120g

240 1200

2100 1800 1500

FIGURE 5. AVS Mark III, projector directivity in
vertical plane.

210* ISO* 150*

sitivity is more than 10 db down at angles 10 FIGURE 7. Horizontal directivity of hydrophone

degrees from the horizontal, and side lobes are dipoles, AVS Mark III.

not less than 15 db below the main lobe.
Measured response of the projector in the and organized into five units, a central unit

horizontal plane shows a variation of ±5 db about 0.5 in. square and four others, one at
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each corner of the central square. Each pair of various components. Detailed circuit diagrams
diagonally opposite units constitutes one of the may be found in the AVS completion report.,
dipoles. The distance between the effective
centers of these units is about one-half wave- TIMING CIRCUIT
length for 32 kc radiation in water. The entire
unit thus approximates the theoretical array the timin circuitosedwit the trans-
discussed in connection with Figure 2. mitter unit) controls electronically the sequence

Figure 7 shows how the actual directivity of of operatiofi of the various features of the sys-th ure ect l si l fo the t dipesy co tem. A typical sequence is shown in Figure 10.the electrical signal from the tw o dipoles com - A p r m y p u s di a l s t e ec v r an
pares with the theoretical value deduced above A primary pulse disables the receiver andfor such an array [equation (1)]. Figure 8 blanks the CR0 for 150 msec out of each 550-

msec period. The transmitter is triggered 50
msec after the receiver has been disabled. The
duration of the transmitted pulse may be varied
from about 0.1 msec to about 21 msec and is
also determined electronically. Finally, the

Dtiming circuit provides a time variation of loss
[TVL] voltage which is used to vary the gain
of the receiver-amplifier with time. This vol-

3o" so* tage is held constant during each 150-msec
period the receiver is disabled and then in-
creases so as to provide increase in gain at a
predetermined rate during the following 400

27o o 9o msec. Since the 400-msec period during which
the receiver is enabled begins 100 msec after the
transmitted pulse is sent out, the receiver is in
condition to receive echoes from targets in a
range of 80 to 400 yd.

TRANSMITTER
OPEN CIRCUIT VOLTS

DO VS I VOLT/ DYNE/ SO CM The 32-kc transmitter was designed to pro-
o MF TUNIduce power at the rate of 100 watts for 10-

msec pulses twice each second. It is of the

210 18o0 15o- multivibrator type, normally disabled. Its fre-
FIGURE 8. Horizontal directivity of hydrophone C quency is controlled by a 128-kc master oscil-
unit, AVS Mark III. lator (mounted on the test panel) which is in

continuous oscillation.
shows how nearly the electrical signal from the
C unit approaches the desired nondirectional TEST SET
characteristic. Artificial echoes are available from the test

set to simulate operating conditions. Two echoes
7.8.2 Electronic Equipment can be produced, the two being entirely inde-

pendent as to their time delays (range) and

Figure 1 is a photograph of the equipment bearings.

used in conjunction with the above transducer. RECEIVER
This equipment consists of a transmitter and
timing circuit, test set, receiver, and oscillo- The receiver consists essentially of three am-
scope. Figure 9 illustrates by means of a func- plifier channels, A, B, and C for the three
tional schematic diagram the operation of the similarly designated hydrophone units, plus
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RREVER RECEIVER out decrease in signal strength with target
DISGBLED ENABLED

SELF- REPEATING distance. Thus, if all targets were the same size
PRIMARY PULE j .. and equal in reflecting ability and if there were
DELAY TO no multiple paths to consider, at the output of
TRANSMITTEutpe t t otuT TEthe second TVL stage the amplitudes of the
TRPSME signals would be independent of target dis-tance. However, different intensities of echoes

TvL PULSE will be obtained because of variations in these

O°  I L factors.
TIME IN MILLISECONDS The function of the AVC stage is to eliminate

these variations and thus produce a signal
FIGURE 10. Typical timing sequence, AVS Mark teevrain n hspoueasga
IU . which is independent of target size as well as

range. The AVC voltage is derived from the

the associated TVL, automatic volume control nondirectional C channel, but is applied to all

[AVC], and Z (oscilloscope gain) control cir- three. Inasmuch as the duration of the sound

cuits. As is indicated in Figure 9, each of the pulse is short, the AVC circuit is designed to

three channels is an eight-stage amplifier (the produce its full range of control (about 30 db)

final few stages, push-pull), including in se-
The final TVL-controlled stage reintroduces

quence two stages that are TVL-controlled, one The dia cont by ag ringrgain

AVC-controlled and a final one that is TVL- the distance concept by again providing gain

controlled. A variable band-pass filter is in- that increases with time. This yields output

serted between the third and fourth stages of signals which, when applied to the oscilloscope,
each channel. Furthermore, a 90-degree phase produce deflections proportional to target dis-

shift is introduced into the C channel (between tance.

the first and second stages), so that the output Phase Detector and Filter. The original sig-

signals from the A and B channels will be in nals from the two receiver dipoles have a rela-

phase (or exactly out of phase) with that of tive magnitude and phase which depend on

the C channel. The outputs of the A and B target bearing (see Figure 2). This relation-

channels are combined individually with that of ship is preserved throughout amplifier channels

are A and B. Hence the final output will containthe C channel and yield two voltages which inomtoanragtbaigeswl so

used to determine the x and y CRO deflections. information on target bearing as well as on

The position of the CRO spot becomes an indi- target range.

cation of the location of the target. The phase detector and filter are designed to

TVL and AVC Control. The TVL- and AVC- pass this information on to the oscilloscope incontrolled stages employ copper oxide vans- intelligible form. A part of the detector circuitcontolld sage emloycoper xid vais-is shown in Figure 11. The output of each of
tors as circuit elements. Direct currents are
supplied to these varistors by separate current
amplifiers (labeled DC in Figure 9) and the _r
magnitudes of these currents are controlled by
the AVC voltages. Since the impedance of a R VX FILTER VX

varistor (to alternating current) is a function
of the direct current flowing through it, the
gain of each amplifier stage affected becomes a
function of the associated control voltage. The FIGURE 11. Phase detector circuit, AVS Mark III.
impedance of a varistor is also a function of
temperature and hence the entire receiver is the two channels A and B is combined with that
temperature controlled (at about 110 F). of the nondirectional channel C by means of a

The TVL sweep voltage is designed to in- bridge-rectifier-type detector to yield, after fil-
crease the gain of the first two TVL-controlled tering, two d-c voltages, V, and V, whose rela-
stages with time in such a manner as to balance tive magnitudes and signs are dependent on
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target bearing and whose absolute magnitudes it was probably too near the surface. Very few
are proportional to target distance. These vol- tests were made, but enough to indicate the need
tages determine the position of the cathode-ray for a number of changes in the projector and
beam. electronic equipment to overcome effects of

Z-Control Circuit. The Z-control circuit de- reverberation.
termines the voltage applied to the control grid The AVS project was terminated when the
of the cathode-ray tube and hence controls the urgent need for its development had subsided.
brightness of the CRO spot. It utilizes the Consequently, such changes were never made.
blanking voltage from the timing circuit to However, it was believed that a system along the
disable the oscilloscope while the sound pulse lines proposed could be made to work-at least
is sent out (and for 100 msec thereafter). When under favorable conditions of surface and bot-
an echo is received by the C hydrophone, the tom reverberation.
resulting pulse in the AVC circuit is used to
enable the oscilloscope for the duration of the
echo, after a short delay which first allows the 7.3.4 Recommendations
beam to move to its correct position. Further-
more, since the AVC voltage is a function of Several proposals for improving the opera-
target size, the brightness of the CRO spot be- tion of this equipment were worked out but
comes an indication of target size. never put into effect. One of these involved a

4-line vertical projector whose proposed struc-

OSCILLOSCOPE ture and crystal layout 1 was designed to pro-
duce a sound beam more uniform in the hori-

A standard Dumont 175A oscilloscope was zontal plane and narrower in the vertical plane.
modified for use with this equipment. The prin- This, in turn, would make a complete redesign
cipal change involved the substitution of a high- of the driver circuits, as well as the timing and
persistence-type 5CP7 tube for the standard pulse circuits necessary.
cathode-ray tube. The face of the tube is pro- Such modifications would call for rather ex-
vided with a scale calibrated in terms of target tensive changes in the original experimental
coordinates. The bearing scale actually realized design and would require electronic circuits of
departs from the theoretical scale of equation complexity beyond even that of the experi-
(2) by as much as 12 degrees and, in fact, is mental model just described.
ambiguous over one 20-degree sector. This is
due primarily to the fact that the directivity
patterns for the projector and the receiver di- Anchored Vessel Screen (HUSL)
poles themselves (Figure 7) departs somewhat
from the patterns desired. Anchored vessel screen [AVS] is a semiauto-

matic echo-ranging system designed for the pro-
tection of anchored war ships from miniature

7.3.3 Performance Tests submarines and manned mines. The equipment
operates as an acoustic analogue of search radar,

When laboratory tests with the synthetic each bearing being searched successively in
echoes from the test set indicated that the many range. The operating frequency (above 60 kc)
and diverse circuit problems were about solved, and pulse length (2, 8, or 16 msec) are chosen to
the entire system was taken to sea for trial with provide effective operation with small targets. It
real echoes. Tests were made in 100 ft of water consists of (1) a directional transducer made to
using a 3-ft sphere as target. scan automatically any designed sector around

The projector-hydrophone was hung about the ship, and (2) electronic circuits which, in
10 ft below the surface of the water-a suspen- addition to the audible echoes of conventional
sion which proved to be quite unsatisfactory. echo-ranging procedure, provide visual indica-
The unit could not be kept vertical or stable and tions obtained by allowing the echo signal to
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132 ANCHORED VESSEL SCREEN

brighten a spot on the screen of a radial-scan mine the maximum rate at which the projector
PPI oscilloscope so as to represent the range can be rotated and still provide effective cov-
and bearing of the target. Although the two erage.
models constructed operated according to expec- The velocity of sound in water determines
tations, the work was suspended in favor of the optimum rate of pinging for any desired
higher priority programs, and the AVS was range. The projector must not be rotated too
never put into actual production. Development far between pings or the echo from a target

of this AVS equipment was carried on by HUSL. will fall upon its diaphragm at such an angle
that sensitivity in the direction of the target is
below that required for detection. For instance,

"' '.. - consider a transducer 4 in. wide having a beam-
- "width of 15 degrees (3 db down) at 75 kc. For

a range of 400 yd, 2 pings each second are
specified. Thus, rotating the transducer at 15
degrees per second will produce effective cover-
age of the desired area each 24 sec.

The effects of frequency and ping length also
require some analysis. Use of a higher fre-
quency than that of conventional echo-ranging
equipment was suggested by the fact that small
objects are better reflectors of short waves
than of long ones. However, the rise of attenua-
tion with increasing frequency is a limiting
factor. In the case of ping length, shorter pings
provide a better signal-to-reverberation ratio

-A and a more precise location of target. On the
K other hand, a pulse of sound must have a certain

minimum length for the average ear to detect it.
The optimum adjustment depends on the par-
ticular equipment used and can best be deter-
mined by experiment.

7.5 AVS MODEL I [HUSL]

7.5.1 General Description

In this AVS system, simple mechanical coup-
ling between the shaft of an echo-ranging trans-
ducer and the deflection coil of a CRO system
was used to coordinate the angular position of

FIGURE 12. Front view, AVS Model II console. the cathode-ray beam with that of the sound
beam. The projector was made to train back

7.4 DESIGN CONSIDERATIONS and forth about its vertical axis by means of a
reversing motor. Adjustable limit stops defined

In adapting echo-ranging equipment which the arc of this automatic search.
uses a single transducer to the function of auto- The projector used was a Rochelle-salt crystal
matic search, the shape of the sound beam (i.e., transducer with a single 4x4-in. face, operable
the sensitivity pattern of the transducer) and over the frequency range 60 to 80 kc. When
the desired maximum range together deter- mounted in its cylindrical steel housing, its
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measured pattern was 25 degrees wide (10 db receiver. To eliminate overshooting and un-
down) at 65 kc. desirable transients introduced into the power

The transmitter circuit was of the "duty- line when the motor was reversed, it was fur-
cycle" type, providing high peak output power ther suggested that a clutch-reversing mecha-
of short duration but requiring low average nism be designed for reversal of training in
input power. Receiving-type tubes were used the next model.
throughout. Both pulse length and pulse inter-
val were controlled by a synchronous motor- HETERODYNE

LISTENINGdriven cam arrangement. RECEIVER

The receiver circuit was of the superhetero-
dyne type and incorporated time-varied gain
[TVG] (see Section 2.2). Its output provided RECEIVER

both the voltage for the brightening grid of the
cathode-ray oscilloscope and, through an audio A o
amplifier, the audible signal for the loudspeaker. IMER

! AND I
NEUTRALTANSIlTTER]
SOLENOID[TA

7.5.2 Performance TAIN
/ ,_ SOLENOID PW R [

This first model gave very promising overall SUPPLIES

performance. Good echoes and indications on SW
the oscilloscope screen were obtained regularly WORM AUTOMATIC

from buoys having effective dimensions of 2 x 6 REVERSING

ft at distances of 300 yd, and occasionally at 400 _ -" ,

yd and more.
Simple mechanical coupling between the

transducer and the CRO system proved to be TODEFLECION RIGHTENING

quite satisfactory. So also was the mechanical DEFOIL GRID

system used for timing the pulses. However, E
the mechanical arrangement for determining TRAIN LEFT

pulse length would not produce satisfactory SOLENOID LIMIT STOPS

pulses shorter than about 4 msec. COLUN

SANDC.R=ELAYS

7.5.3 Recommendations

Reverberation was an ever-present source of
interference. Particularly in shallow water, PROJECTOR

bottom reflections often masked the desired FIGURE 13. Block diagram of AVS Model II.

echo. This indicated the desirability of using a
projector with a narrower vertical beam. In 7.6 AVS MODEL II [HUSL]
attempting to reduce reverberation by decreas-
ing pulse length it was noted that echo strength 7.61 General Description
was also diminished. With the receiving system
incorporated in this first model, it did not appear Model II AVS duplicates the features of the
that any advantage could be gained by shorten- first model in most respects; however, it in-
ing the pulse below about 10 msec. Neverthe- troduced several improvements. The block
less, it was decided to devise an electronic diagram of Figure 13 shows the general ar-
method for determining pulse length so that rangement of the components. The front and
shorter pulses could be tried with a modified rear views of the unit, exclusive of projector,
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134, ANCIHOREI) VESSEL SCREEN

are shown in Figures 12 and 14, respectively. ment, (2) a projector having a narrower verti-
The echo-ranging projector searches auto- cal beam, (3) a clutch-operated reversing

matically back and forth over any selected sec- mechanism replacing the reversing motor, and
tor. Echoes from a target produce an audible (4) an entirely new electronic chassis with
signal in the loudspeaker and mark the location modified circuits, including electronic control
of the target as a brightened spot on the CRO. of pulse length. In addition, Model II includes
The cathode-ray beam, adjusted to be near the a separate receiver designed for underwater
threshold of visibility, is moved radially out- listening. Provision is also made for searching
ward by means of deflecting coil and an elec- over either an 800- or a 400-yd range by ping-
tronic sweep circuit, starting from center at ing either once or twice each second. Training

of the projector may be controlled either auto-
matically or by means of a manually operated! switch.

7.6.2' Details of AVS Model II

CONSOLE

The console houses the various electronic
chassis, each component being easily accessible
for checking and servicing. The CRO tube,
loudspeaker, and controls are mounted conveni-
ently at the top of the console, with the face of
the CRO tube located at the center of the main
panel. Surrounding the tube is a relative-
bearing scale over which a pointer moves to
show the direction of the sound beam at all
times. This pointer is attached to the deflection
coil and thus rotates with the projector shaft.
In a circular slot located outside the relative-
bearing scale are two sweep-limit stops which
may be adjustable to limit the sector to be
searched. The maximum sector through which
a search may be made is approximately 300 de-
grees excluding the after direction.

The unit operates at 110 v, 60 c and requires
a total of 250 w with the training motor in
operation. A filter is included in the power line

rFiIGURE 14. Close-up rear view, AVS Model II for removing line noise.

each ping. The angular position of the cathode-
ray beam is synchronized with the bearing of PROJECTOR

the projector by means of direct mechanical The projector is a Brush Type C-26 Rochelle-
coupling between the vertical shaft of the pro- salt unit with a 3x12-in. radiating surface.
jector and the CRO deflection coil. Pertinent pattern data obtained on this pro-

Four major departures from the first model jector as used, mounted inside its cylindrical
are incorporated in Model II. They are (1) a housing so that it was working through a 0.020-
specially designed console for housing the equip- in. steel window, are given in Table 1.
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FIGURE 15. Motor, gear and clutch assembly for training transducer, AVS Model II.

TABLEj 1. P~attern (data on Brush Type C-26 projector. face attached. Paired with each of these clutch

Horizontal Vertical faces is a f ace driven by the drive shaf t. A
Widt of idth. ofmechanical linkage between the two clutches

major lobe Decibels major lobe Decibels prevents simultaneous engagement of both
Freq.(kc) 6 db down down to 6 db down down to clutches. Clutch action is controlled by three

(degrees) minor lobe (degrees) minor lobe solenoids, with the neutral position automati-
60 26 15 7 16 Y, cally assumed when none of the solenoids is
65 25 1312 7 17 energized. The electric circuits provide for
75 23 132 6 212+ either automatic or manual training. Solenoid
80 17 14 7 22 circuit diagram and description of operation are

given in the AVS completion report .2

PROJECTOR TRAINING

The mechanism used for training the pro-ELCRNC ICUT

jector in Model I1 is shown in Figure 15. A The Transmitter. Incorporated in Model II is
motor with speed-reducing gears works a blocking oscillator type transmitter (see Fig-
through a belt drive into another set of gears ure 16) which permits large power output for
matched to obtain a final rotation speed of 14 short time intervals, with a moderate power
degrees per second. Mounted freely on the drive drain. The output voltage across the C-26 trans-
shaft are two bevel gears, each with a clutch ducer is approximately 270 rms volts.
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FIGURE 17. Sweep circuit and power supplies, AVS Model 11.

possibility of sending sudden surges back cathode-ray beam starts at the center of the

through the power supply into the 110-v line. screen and ends at the periphery.
In the keying arrangement, pulses are initi- Receiver. The final circuit of the receiver-

ated by the mechanical timer but are terminated amplifier is shown in Figure 18. Two of the
electronically, the timer contacts opening after features of this circuit, reverberation-controlled
the pulse is terminated. Ping lengths of 2, 8, and gain [RCG] (see Section 2.5) and doppler sen-
16 msec are available. sitization (see Section 4.1), were incorporated

Sweep Circuit and Power Supply. The after field tests of Model II had been made. A
cathode-ray sweep circuit and power supply are disabling switch on the RCG made it possible to
shown in Figure 17. The sweep circuit is of use TVG (see Section 2.2) as originally built
conventional design providing a uniformly into the receiver in place of RCG.
changing current to the deflection coils, starting No send-receive relay is used. Rather, to pro-
from zero at each ping. Suitable potentiometer tect the receiver against transmitter voltage,
controls are available for assuring that the the input is applied to a series-tuned resonant
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6H6 SH7 100 MMF 6SG7 O6SA7 5 KC BAND PASS

RCG INPUT _O.---

0 TT

R 0DCR0UGNDO 0 D1O

0 60,000 0. ME

00 WN O GND AUDIO-

GRID AMPLIFIER

FIGURE 18. Receiver-amplifier circuit, AVS Model II.

circuit which has a diode limiter across the tun- tuned to the audio frequency to enhance echoes
ing condenser. Half of the 6H6 double diode with a doppler shift in comparison with rever-
is used as the limiter and the other half supplies beration or no-doppler echoes. Since this equip-
a rectified portion of the transmitter voltage as ment was contemplated for use on anchored
negative bias for TVG. vessels, no difficulties attributable to own-dop-

Two stages of amplification at signal fre- pier were involved except for possible effects of
quency are employed. The output is applied to currents or tides.
a converter tube together with the signal from As stated above, a portion of the transmitted
a local oscillator, so as to produce a 5-kc audio voltage is applied to a diode rectifier to provide
signal. This signal passes through a 5-kc filter biasing voltage for TVG action. The rectified
with a band-pass of 1 kc, and an additional current is used to charge a condenser whose rate
stage of voltage amplification. It is then applied of discharge through a resistance determines
to the audio amplifier for the loudspeaker and the rate of recovery of the amplifier gain. A
to the voltage amplifier for the CR0 brighten- potentiometer is used in the rectifier output
ing. The brightening output is rectified by half circuit in order to permit adjustment of the
of a 6H6 double diode, the second half of which initial drop in gain. The rate of recovery is
is connected as a limiter to prevent application fixed.
of more than about 25 v to the brightening grid
of a type 5-FP7 cathode-ray tube.

As shown in the diagram, a series-tuned ADOLSEIGSSE
resonant circuit is connected across the plate A separate listening receiver is incorporated
load of the first audio stage. This is sharply for use in the identification of moving objects
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producing noise of sufficient intensity to provide time of the last test, however, the importance
a clue to their character. A frequency range of the work had declined and so tests were ter-
from 35 to 45 kc is provided, these frequencies minated.
being heterodyned down to audible frequencies
in the range from 0 to 10 kc. The receiver chas-
sis does not appear in the photographs (Figures 7.6-4 Recommendations
12 and 14) but was added in the space directly
above the transmitter chassis after the photo- 1. Because the ear is at a disadvantage in
graphs were taken. The loudspeaker used for responding to the short pulses required for the
echo ranging may be switched to the listening detection of small objects, it is recommended
receiver as occasion demands. that a recorder be incorporated in the equip-

ment as a supplement to CR0. It has been shown
that the memory feature of a recorder is of
considerable advantage, particularly when ping-

7.6.3 Performance Tests to-ping variations in the received signal are
large.

Sea tests of Model II were made on two dif- 2. Provisions should be made for convenient
ferent occasions. The first test was made before zero adjustment of the deflection coil and bear-
the unit had assumed its final form. Bathyther- ing points.
mograph data showed temperature gradients 3. If provision is to be made for listening,
unfavorable for echo ranging. However, the a listening receiver suitable for frequencies in
3-ft target sphere at 125 yd and its towing ves- the audible range should be included in prefer-

sel at 200 yd appeared in their proper relative ence to a unit working in the high supersonic
locations on the CRO screen. Echoes appeared range.
on four out of five traversals. 4. Test ship facilities more nearly comparable

Model II was in its final form for the second with eventual installation conditions should be
test. Similar unfavorable echo-ranging condi- made available. In particular, a more stable
tions were encountered. The 3-ft sphere was platform than that of the 50-ft test launch used
detected at ranges from 50 yd to a little over is regarded as essential for successful operation
100 yd, but never at 125 yd or more. of AVS equipment employing a narrow sound

Ping lengths of 2, 8, and 16 msec were tried, beam.
It was found that target definition on the CRO 5. Deeper submergence of the projector
screen was much better for the 2-msec ping should improve the performance of the system.
than for pings of greater length. 6. The simplicity of operation, and clarity of

Certain adverse test conditions which had indication sought in this semiautomatic echo-
a detrimental effect on the performance of AVS ranging system might prove desirable for pur-
may be summarized as follows: poses other than the one for which it was

1. The shallow depth at which the projector originally designed. Among such purposes may
operated caused the beam to be practically tan- be mentioned (1) torpedo detection by hydro-
gent to the surface and therefore considerably phone effect, (2) navigation of mine fields,
affected by waves and by temperature gradients. (3) detection of stray mines for harbor clear-

2. The small size of the vessel from which ance, and (4) shallow water navigation. This
the equipment was tested (50-ft motor launch) last-mentioned application might be accom-
resulted in erratic motion of the transducer plished by mounting the transducer so that the
beam. These conditions could have been im- sound beam is depressed at an angle of 45 de-
proved without difficulty if the urgency of the grees to yield bottom reflections at some distance
development had been sufficiently great. At the ahead of the ship.
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Chapter 8

SMALL OBJECT DETECTION
8.1 INTRODUCTION rines to locate mines accurately and thus

enable the safe navigation of the vessel throughC ONVENTIONAL ECHO-RANGING gear used by mine fields. The second, a longer term program,
the U. S. Navy during World War II to was devoted to a fundamental determination of

detect submarines was designed primarily to the physical factors affecting the performance
detect large objects. It is not suitable for use of small object systems, an evaluation of exist-
with small objects such as midget submarines, ing systems, and the development of a more
mine cases, and landing obstacles. When the ideal system embodying the fundamental prin-
course of the war made it advisable to provide ciples discovered.
this additional function, both British and Amer- Three developments resulted directly from
ican laboratories undertook theoretical and ex- this program.
perimental investigations to determine the 1. It was found possible, by a rather simple
design factors characterizing a high perform- modification, to adapt the WCA-2 submarine
ance small object system. sonar equipment to this function. These modifica-

It was soon demonstrated that a most im- tions are described in some detail in Section 8.4.
portant operating characteristic differentiating 2. Two experimental pulsing systems operat-
small object systems from conventional systems ing at 24 and 90 kc respectively were constructed
was that of pulse length, and it was believed and tested. These are described in Sections
that for maximum echo-to-reverberation ratio 8.8 and 8.10.
the length of the pulse train in the water should 3. An ultra-high-frequency, hand-held sys-
generally approximate the dimensions of the tern, underwater sound direction and ranging,
target. Thus a 3-ft target would correspond to which operates at very short ranges is described
a pulse length of 0.6 msec. in Section 8.11.

On the basis of this principle, the British In addition to these systems, it should be
laboratory at Fairlie developed the 135 Asdic noted that both the QH and QL type systems-
system designed to serve as a harbor protection have successfully demonstrated their ability to
unit capable of detecting small one- or two-man resolve typical small targets.
submarines. This unit proved so successful in
detecting mines, pilings, and small-dimension
targets that it was quickly adapted to a landing 81 . Desigin Consideratiois
craft-mounted model, the 150 Asdic, and its
principles were borrowed to adapt other units, The design of equipment for small object de-
such as the submarine-installed 129 Asdic, to tection is governed by several factors relating
this function. to frequency of transmission, pulse length and

The several NDRC laboratories, having less modulation, and method of indication. Although
urgency assigned to the problem, were some- the physics of echo formation with small, vari-
what slower in this field of development. ously shaped targets is not clearly understood,
Through the courtesy of the British, one of the individual laboratories have been able to draw
first of the Asdic units and later a staff member certain empirical conclusions which are re-
of the Fairlie establishment, were sent to this flected in the local choice of equipment parame-
country to assist our program. As a result of ters. It is probably fair to state that the effects
this cooperation and of the experience gained of pulse length and modulation on the expected
by American research men visiting the British performance are the most fundamental and the
laboratory, two programs were initiated. The least clearly understood, although a very con-
first of these was concerned with the modifica-

" QH and QL type systems described in Division 6,tion of existing sonar gear to permit subma- Volumes 16 and 17, respectively.
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siderable amount of work has been done in this CRITICAL POINT

field.b

PULSE LENGTH

If it is assumed that sufficient power is in- -
itially transmitted to make reverberation rather
than water noise the limiting factor in echo
detection in typical shallow water conditions,
then system performance is dependent upon the
echo-reverberation (E/R) ratio. The effect of (PING LENGTH)

pulse length on reverberation level may be vis-
ualized by considering the situation at some
particular instant during reception of reflected
energy by an echo-ranging transducer. Assume,
for convenience, that the acoustical energy sent
out by the transducer is contained within the
shaded area of the conical beam shown in Fig-
ure 1. Energy is reflected back toward the
transducer from each elementary particle or

surface within the volume thus defined. Energy

PULSE ENGT(PING LENGTH)

......... ER VOLUM E

. C bCRITICAL POINT

FIGURE 1. Relation between pulse length and re-
verberation.

identified with the trailing edge is, at the instant
shown, starting its return journey from the
spherical boundary surface a-a. Energy origi-
nally associated with the leading edge of the
pulse which was reflected backwards when that
edge was in the position c-c is simultaneously TT

crossing surface a-a. Therefore, at the instant (PING LENGTH)

in question, energy from all parts of the volume FIGURE 2. Idealzed echo and reverberation curves

within the spherical boundaries a-a and c-c is as a function of ping length.
crossing surface a-a on the return path. Thus,
at each instant throughout the duration of the spherical boundaries separated by one-half the
reverberation, the energy received by the trans- length of the pulse. The average level of rever-
ducer is the summation of all the backwards beration can be reduced by shortening the
reflections from a volume contained between length of the pulse. This has been verfied ex-

perimentally.

'Since this material is not within the scope of this There is also some reason to believe that for
volume, reference must be made to Division 6, Volumes typical targets the average echo level remains
7 and 8 and to nonmicrofilmed reports and records of the constant with decreasing pulse length until a
Naval Electronics Laboratory (formerly UCDWR) at
San Diego, California. certain critical value is reached. Although this
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value is not known precisely, it is believed to be possible range. An engineering compromise
of the order of the target's dimension. Thus the must be determined on the basis of the proposed
length of the pulse train in water should ap- tactical application and permissible transducer
proximate the virtual size of the target. This size.
relationship is obviously affected by target
geometry. Figure 2, which presents idealized ELECTRICAL CHARACTERISTICS
curves for echo and reverberation levels as a
function of pulse length, indicates a critical The sensitivity and selectivity of the trans-
pulse length for maximum E/R ratio. ducer and the associated transmitter and re-

The benefits of high E/R ratio can also be ceiver circuits are primarily determined by the
obtained with a frequency-modulated trans- pulse length and modulation and the transducer
mission as employed by the QLA sonar. In this beam pattern. While reverberation-limited
case, the method of heterodyning echo frequency operation generally makes the use of high
with transmission frequency limits the reception transmission power unprofitable, under some
of signals to an annular region whose width is conditions of low reverberation the use of very
essentially determined by the width of the re- high peak powers may be justified.,
ceiver acceptance band for the heterodyned fre-
quencies. The use of continuous f-in signals or METHODS OF INDICATION
of f-in pulses or "chirps" also provides a method
of minimizing standing wave interference The long memory feature available with
which often proves troublesome with single fre- chemical paper recorders has been found help-
quency transmission in shallow water. In short ful in establishing the presence of low level
pulse transmissions, the attendant sideband targets. This is particularly true when charac-
components serve the same purpose. teristic patterns, such as mine fields, can be

Preliminary investigations have indicated identified. Good results have been obtained by
that better ratios might be obtained for particu- modifying standard recorders to present a more
lar target shapes by the use of tailored pulse- continuous and sharper pattern in both time
envelope shapes. The results of these experi- and range scales.
ments, although incomplete at this time, show Existing recorders do not permit a true plan
some promise for future specialized systems position indicator [PPI] presentation. For this
designed to detect one or more special types of reason and because of a more favorable and
targets. easily adjusted sensitivity differential, the use

of cathode-ray oscilloscope [CR0] tube indi-
cators is proposed. At the present time, the

TRANSMISSION FREQUENCY choice of indicator is determined by the appli-

Several considerations apply in choosing the cation. Future systems, however, will probably
transmission frequency. The lower frequencies incorporate both methods, as has XQHA sonar,
permit longer ranges but require larger trans- in order to secure the full advantage of high
ducer dimensions for fixed beamwidth and in- resolution, PPI display, and long memory.
crease the difficulty of shaping the pulse modu- 'In this connection recent work in high-power short
lation envelope. Higher frequencies, although pulse transmissions, described in Division 6, Volume 13,
easier to handle, tend to decrease the maximum may be of interest.
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Mine and Torpedo Detection Equipment

Mine and torpedo detection equipment
[MATD] is supplementary equipment, designed 4
for use with WCA-2 gear, to provide a plot of a "
mine field on a cathode-ray tube. To modify the
WCA-2 equipment for mine detection, electronic
circuits were added to provide a short pulse,
amplitude modulation of the pulse, and CR0
indication. The original function of the WCA-2
equipment is not impaired by the MATD modi-
fication. Provision is also made in the MATD
unit for torpedo detection. Development of the II
mine and torpedo detection equipment was car-
ried on by Columbia University, Division of .
War Research, Underwater Sound Laboratory, T
New London, Connecticut. 

I

8.2 INTRODUCTION FIGURE 3. MATD unit in cabinet.

Late in 1944, information from the Corn- ing at a decreasing rate, for some time there-
mander of Submarines, Pacific Fleet, indicated after. Observations of the level of intensity as
urgent need for mine detection equipment. a function of time show many sudden and un-
Investigations in the general problem of sub- predictable irregularities in energy received.
marine echo ranging indicated that existing These result from the various random discon-
echo-ranging equipment could be adapted to this tinuities encountered by the outgoing pulse.
service with only minor modifications. Energy reflected from a target is not inherently

Principal modifications included a 5-msec different in character from that returned by
pulse, amplitude modulation of the pulse, and any other reflecting agent. It can, therefore,
CRO indication. Provision was also made for be identified only if it constitutes a significant
torpedo detection by hydrophone listening. All irregularity in the time-intensity pattern of
original systems components were retained the returned radiation.
without loss of original function. The curve of Figure 4, traced from an actual

Preliminary tests of the prototype model oscillogram, shows the random nature of rever-
confirmed the suitability of the modified system. beration. Assume that at time T, an echo ap-
As a consequence, 12 sets of MATD were under pears at the terminals of the transducer. In
construction for use in training at the time the order that this echo be detected, it is clear that
project was taken over by the Naval Research any increase it causes in the general reverbera-
Laboratory and an additional number were tion pattern must be significantly greater than
on order from the Submarine Signal Company. the random variations due to other causes.

8.3 THEORETICAL CONSIDERATIONS TRANSMITTED PULSE

Pulse Length. The average level of reverbera-
The ability to detect the presence of a target tion could be reduced by shortening the length

by echo-ranging methods is generally limited by of the pulse. Decreasing the length of a long
reverberation. Immediately following the trans- pulse would have no effect on the level of an
mission of a pulse of supersonic sound, a burst echo from a mine; it would merely affect the
of energy returns to the transducer, continu- duration of the signal. If the pulse length is
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sult of the transients accompanying initiation
and termination of the pulse. There is some
evidence to show that the clarity of the rever-

Ui beration picture obtained with short pulses re-
0sults in part from the presence of these
U) Te transient components. The number and ampli-

\ tude of these components may be altered by
z

\ changing the envelope of the transmitted pulse

P while maintaining essentially a constant dura-
tion.

TTHE CRO
J Certain characteristics of the CR0 make it

TIME OR RANGE Crancaatrsiso h R aei
suitable as the indicator for mine detection

P =AVERAGE LEVEL OF REVERBERATION equipment. By using PPI type of presenta-
Pb-P =POSSIBLE RANDOM DEVIATION tion, with a CRO, the bearing, range, and
P-P =MINIMUM DETECTABLE INCREMENTAL SIGNAL relative position of any target giving a dis-

FIGURE 4. Representative reverberation pattern. tinguishable echo signal may be read at once
from the position of the trace on the screen.

too short, however, the intensity of the re- Persistent screens are helpful in establish-
flected signal suffers. An optimum pulse ing the validity of any echo signal suggestive
length is therefore somewhat near this mini- of the presence of a mine. When using the
mum figure, and thus depends on the size of CRO for PPI presentation, any bearing show-
the target under search. ing a questionable echo pattern may be re-

Amplitude Modulation. A more general examined. The trace of the new pattern will
study of echo ranging which preceded the fall on or near the previous traces and aid in
work on mine detection included an investiga- ascertaining more definitely the presence or
tion of the effect of modulating the amplitude absence of a target.
of the transmitted pulse. The reflected signal
was found to stand out more clearly against COMPENSATION FOR RANGE Loss
a background of reverberation when the pulse
was modulated. It is highly desirable to vary the gain of the

Multiple transmission paths between an receiver-amplifier with time to compensate for
echo-ranging transducer and the succession decreasing signal strength with range.
of reflecting surfaces encountered by the pulse A control, similar to the time-varied gain
distort the relation between the time variation [TVG] (see Section 2.2), is applied here. It
of reflectivity and the time variation of re- is called compensation for range loss [CRL]
ceived signal. In steady state transmissions to emphasize the fact that it is adjusted to fit
these multiple paths result in the appearance a predetermined relation between range and
of standing waves. These are known to be less loss. The variation in gain selected provides
prominent when the transmitted wave is made for an increase in gain at the rate of 12 db per
up of a number of components covering an distance doubled, a rate which is consistent
extended band of frequency than when a single with a signal level which decreases as the in-
frequency is used. A complex wave of short verse fourth power of the time.
duration should produce a more reliable pic-
ture of changes in reflectivity than a single SEARCH RANGE
frequency wave of the same duration. A short
pulse, nominally at a single frequency, actually The determination of range is largely a
contains high-frequency components as a re- matter of judgment. It is unwise to carry the
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search operation to maximum possible ranges. mately half its former value. One-half as
In the first place there are no reliable statisti- many echo transmissions will be required,
cal data to provide a relation between range but the time for each will be twice as great.
and the probability of detection. It is thus im- The total time required to scan the new sector
possible to select a range as representing the is thus the same as in the first place although
boundary between assured and questionable the area is twice as great. The fact that a
detection. greater area is covered is by no means as ad-

Figure 5 shows the geometry involved in vantageous as might at first appear. It is true
searching a path of given width centered on that there is a somewhat questionable possi-

bility of earlier detection. There is, on the
- - ,, other hand, no question about the price which

. .this entails; the path formerly swept with
some definite, although unspecified, degree of

HPA SS COURSE reliability is cut in half, its width and the re-

B< liability with which the remainder is cleared is
greatly impaired.

FIGURE 5. Relation between operating range and
reliability of detection when searching a given
path.

the submarine's course. The length of the
search range and the breadth of the path
scanned immediately fix the angle of the sector
which must be searched. The directivity pat-
tern of the projector determines the number of
echo transmissions required to search this area V V
adequately. Inasmuch as the range fixes the
duration of each echo transmission the total K- 5 MsE-C
time for one complete scanning operation is

FIGURE 7. Oscillogram of amplitude-modulated

supersonic pulse in water.

ROM To In selecting a value for the range to which
755 RECEV] 0 DRIVER the search operation is to be carried it is neces-

sary to make intuitive compromises between
250K 50K 0.,It the reliability of detection and the time avail-

0 iable for avoiding action. The combined judg-
Wo I ment of a number of people having experience

4PRE with this problem has resulted in the adoption
{'dTPTO ENABLE of a range of 600 yd as a reasonable value.

___ During operational trials of the equipment,
no convincing evidence has appeared to indi-

,oav +2eo cate that this somewhat arbitrary choice is in
FIGURE 6. Circuit for producing amplitude-modu- obvious need of revision until greater sub-
lated pulses. merged speeds are at hand.

completely established. Assume now that the
equipment is modified so that it searches to 8.4 WCA-2 GEAR MODIFICATION
twice the former range. If the same path
width is to be surveyed, it is apparent that the A dominant factor controlling this new labo-
angle to be scanned is reduced to approxi- ratory equipment was the necessity for utiliz-
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ing existing WCA-2 equipment. It was also during which the pulse is desired. With such
necessary to plan the system so that the WCA-2 a switch the main keying relay is called upon
gear would be instantly available for its nor- to perform merely a transfer function and
mal echo-ranging service.

V-102 V-103

TRANSMITTING CIRCUIT

The major change required in the transmit-
ter was the addition of circuits for the ampli-
tude modulation of the outgoing pulse. The
supersonic wave normally transmitted by the
WCA-2 system is derived as a product of
modulation between a wave of adjustable fre-
quency (73 to 97 kc) generated in the first 1" 0
oscillator of the receiver-amplifier and a wave T
of fixed frequency (60 kc) generated by a
stable oscillator in the QB driver. The fre-
quency of the outgoing wave corresponds to

the difference between these two frequencies, CONNECTION TO CRL
and, except for doppler shifts, the returned BIAS VOLTAGE GENERATOR
echo signal has this same frequency. In the FIGURE 8. Modification required in wiring of 755

receiver this signal is heterodyned against the receiver-amplifier to adapt it to CRL control.

same frequency generated by the first oscil-
lator of the receiver and hence yields a signal, is not required to break a circuit carrying
one component of which has a frequency the the full output current of the driver amplifier.
same as that of the stable oscillator (60 kc). Figure 7 shows an oscillogram of the result-
This arrangement insures that the output of ing modulated supersonic pulse put into water
the modulator of the receiver-amplifier is of by a QB transducer and picked up by a moni-
the correct frequency to be accepted by the toring hydrophone.
intermediate frequency stages regardless of
the frequency to which the first oscillator is
adjusted, and hence regardless of the frequency RECEIVING CIRCUITS

of the transmitted wave. The only modifications required in the receiv-
With this arrangement it is possible to ing circuits are those necessary to provide

modulate the outgoing pulse by introducing a compensation for range loss [CRL]. This was
modulating circuit between the first oscillator
of the heterodyne receiver and the supersonic S
modulator of the QB driver. The details of 3K
this circuit are shown in Figure 6. The high-
frequency wave from the first oscillator of the
receiver-amplifier is modulated in tube V- -s8 vOLTs
106 by the 800-c output of the local oscillator 0 Eg
circuit including tube V-107. After subsequent
modulation in the QB driver by the fixed 60-kc 0.75 A' -120
wave, a supersonic carrier wave with 800-c 0

sidebands is thus obtained. FIGURE 9. Generator for CRL bias voltage.

The special key in the cathode circuit of
tube V-106 serves as an electronic switch to accomplished by applying an appropriately
control the duration of the pulse. The cathode varying bias to the first two stages of the i-f
circuit is left open except for the short interval amplifier. Figure 8 shows the changes in the
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wiring of the 755 receiver-amplifier to intro- connected through a 10/1 gear ratio. A special
duce this bias. relay system is provided to guarantee proper

The circuit, shown in Figure 9, is an elabo- indexing between the orientation of the CR0
ration of a simple condenser discharge circuit. deflection coil and the orientation of the pro-
Condenser C-119 is charged during the 20-msec jector.
recovery period that switch S is closed. Con- CRO Deflection System. A radial sweep is
denser C-120, however, does not become fully provided in this MATD system by passing a
charged during this short interval. It there- sawtooth current through the CRO deflection
fore draws charge from C-119 during the first coil as the latter rotates in synchronism with
portion of the operating interval; during the the projector.
remainder of the interval it supplies charge to Current for the deflection coil is provided by
C-119. Consequently, the output voltage, E, the beam power amplifier tube of Figure 10. A
decreases more rapidly during the first portion sawtooth voltage is impressed on the grid of
and less rapidly during the latter portion of the this tube by means of a conventional condenser
operating interval than it would if a simple RC charging circuit. The setting of R-1 deter-
circuit were employed, and thereby approxi- mines the bias voltage applied to the grid when
mates the desired voltage-time characteristic, the condenser is short-circuited. The setting

of R-2 determines the rate at which the con-
denser charges when the short-circuiting key

THE PLAN POSITION INDICATOR is opened, and hence determines the rate of
CRO Bearing Repeater. The distinguishing sweep. For a full-scale range of 600 yd the

feature of the CRO system is the use of a very zero position of the spot is displaced approxi-
mately 20 yd. A small circle drawn on the

+260V +355V face of the cathode-ray tube facilitates adjust-
ing R-1 to its appropriate value.L CRO Brightening System. Control of the

0 intensity of the CRO electron beam is effected

, o by the brightening circuit of Figure 11. The
S setting of potentiometer R-1 determines the

R - 2 .
-

DEFLECTION 
V-2

AMPLIFIER ]
FLYBACK CONTACTS

> 6 -108 V

R-1 FIGURE 11. CRO brightening circuit.

negative bias applied to the grid at zero signal.

When an alternating current signal from the
-108V receiver-amplifier is rectified by V-i, a d-c drop

FIGURE 10. CRO sweep deflection circuit. appears across R-3. This decreases the nega-
tive potential applied to the control grid and

light deflection coil carried on ball bearings thus intensifies the CRO beam.
which makes it possible to drive the deflecting Diode V-2 is introduced to limit the d-c volt-
coil mechanically by means of a selsyn motor age that can be applied to the CRO control grid
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to avoid damaging the screen as a result of in- the transducer to the driver-amplifier in readi-
tense signals. The setting of potentiometer ness for the next transmission.
R-2 determines the value of this limiting At the termination of the 20-msec recovery
voltage, period a fifth cam enables the electronic switch

(see Figure 6) which initiates transmission of
CYCLING SWITCH the pulse. These contacts remain closed for 5

msec. Shortly after transmission of the 5-msec
A simple and reliable mechanical control was pulse, the transfer relay restores the system

selected which utilizes a series of contacts to the receiving condition, and a final operation
operated by cams driven by a synchronous terminates oscilloscope blanking. This last
motor. The range of 600 yd fixes the operating event is delayed for a time equivalent to a 50-yd
interval at 750 msec. By driving the camshaft range to prevent excessive illumination of the
at 78 rpm the complete cycle is repeated every screen due to intense local reverberation.
770 msec, leaving a recovery interval of 20 Some difficulty was experienced in devising
msec before each transmission. a cam-and-contact combination which would

The diagram of Figure 12 illustrates the permit close adjustment and maintenance of
sequence of events associated with each cycle, an interval as short as 5 msec. However, by
At the expiration of each 750-msec scanning using a type of contact in which both the make

and the break occur as the result of the sudden
0 release of a contact spring from an undercut

face of the cam it was found that intervals of
00 even shorter duration could be defined with

adequate accuracy.

MODIFICATIONS FOR TORPEDO DETECTION

6oo The system described in the preceding para-

graphs contains the elements essential for tor-

200 pedo detection as well as for mine detection. It
is possible to "listen" continuously for ap-
proaching torpedoes, with transducer rotating,
and present the information received on the

to ."CRO screen as a function of bearing. The in-
TIME IN MILLISECONDS tensity of the signal can of course be made to

determine the radial position of the CRO spot.
When the equipment is employed for torpedo

1detection the received signal is used to supply
FIGURE 12. Cycle of MATD operation. the grid voltage for the oscilloscope deflection

amplifier in place of the sawtooth generator
interval, four individual cams effect four sim- component of Figure 10. A logarithmic ampli-
ultaneous switching operations: (1) the con- fier 1 is inserted between the output of the 755
denser of the sawtooth generator controlling receiver-amplifier and the input of the oscillo-
the oscilloscope sweep is short-circuited, thus scope deflection amplifier. This arrangement
returning the cathode-ray spot to its starting provides approximately equal changes in deflec-
position; (2) the oscilloscope screen is blanked tion for equal percentage changes in level of the

by removing the ground connection to its cath- received signal over a fairly wide range of

ode (to avoid a return trace) ; (3) the charg- signal level. The fixed bias of the deflection
ing contact of the network supplying the amplifier is adjusted so that the deflection cur-
variable CRL voltage to the 755 receiver-ampli- rent holds the CRO spot at the outer edge of the
fier is closed; (4) the transfer relay connects screen when no signal is superimposed. Thus,
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4K

FIGURE 13. Consecutive oscillographs of torpedo passes.

as the transducer rotates, the spot traces a a torpedo it becomes possible to predict with
circle the diameter of which is nearly equal to moderate assurance the range at which detec-
the diameter of the screen. The audio output tion may be expected on any bearing. Once a
of the logarithmic amplifier is impressed directly torpedo is detected it is also possible to esti-
onto the deflection amplifier after having first mate its range from the deflection of the CRO

trace. The relation between range and oscillo-

600 scope deflection for a representative torpedo
T is given in Figure 14.

50 t Mechanical Arrangement. Except for the
bearing repeater unit attached to the projector

o400 _rshaft and the circuit elements added to the 755
receiver-amplifier, all the equipment initially

3 ooassociated with the MATD modification is
zo mounted on two chassis and housed in a single
, ocabinet, as shown in Figure 3.

100

8.5 OPERATING TESTS
0 1000 2000 000 4000

RANGE IN YARDS MINE DETECTION TESTS
FIGURE 14. Range of detection for representative
torpedo. Following laboratory tests, preliminary

models were mounted on a relay rack on board
been rectified. With this system, the spot fol- a surface ship for testing at sea in conjunction
lows an irregular path with the radial displace- with a WCA-2 system. The majority of this
ment of the CRO spot indicating the level of work was carried out in approximately 100 ft
the sound falling on the transducer. Typical of water and over a smooth sand bottom. Ac-
patterns are shown in Figure 13. By assuming tual mine cases were used, and well-defined
some reasonable value for the sound output of echoes were obtained on most attempts.
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Scanning Rate. During early operating will become visible and trace a line of ever in-
trials attention was given to the determination creasing intensity for the remainder of its
of a suitable scanning rate. It appeared that transit. It is apparent that the length of this
when working to a maximum range of 600 yd line is a measure of the intensity of the noise.
the transducer might safely be rotated at about In fact, it is possible to provide the system with
2 to 21,% degrees per operating cycle. Thus, a radial scale so that noise level can be meas-
the scanning rate was set at 3 degrees per ured as a function of bearing.
second. The response of the system to a noise source

Appearance of CR0 Screen. When operating is a major factor in determining the level at
at sweep speeds of 3 degrees per second, several which acoustical energy must be put into the
echo traces usually appear whenever the bear- water by the transducer to be assured of satis-
ing of a mine case is crossed. Figure 15 shows factory echoes. This must be sufficiently high

so that the average level of reverberation is
above the background noise level throughout
the entire operating interval. This condition
was found to be satisfied with an input to
the QB transducer of approximately 60 watts
when test ship was under way at f ull speed,
except for bearings within about 25 degrees
either side of ship's-own screws.

Security Tests. A number of tests were made
to determine the range at which operation of
the mine detection gear might be picked up by
the enemy. A WCA-2 installation on a listening
vessel was tuned to maximum response while
several approach runs were made. The aver-
age range of first detection was 4,000 yd. One
reason assigned to this short range of detec-
tion, which is significantly lower than that
commonly experienced in normal echo-ranging
operations, is the short pulse length used. As

FIGUP 1. A. pearnce f CO wen cho there is no sensation of tone, the pulse is less
raig 1o. Apecaranes. R0weneh easily distinguished from incidental water

rangng o mie caesnoises than pulse lengths of longer duration.

the appearance of an oscilloscope screen on
which are recorded echoes from two separate TORPEDO DETECTION
mine cases which exhibit a recurrence not char-
acteristic of other random markings. The sequence of photographs of Figure 13

Definite indications appear on the screen as shows the appearance of the CR0 screen as a
a result of irregularities in the environment, torpedo passes test ship when the MATD sys-
These sometimes appeared as brightened por- tern is switched to torpedo detection. Each ex-
tions of the screen corresponding to areas 100 posure corresponds to one complete rotation
yd or so in length and 30 or 40 yd in width. On of the projector shaft, or to a time interval of
subsequently traversing these areas with a 5 sec. The indentation appearing at the left
fathometer these markings were found to be of each photograph (at bearing 180 degrees)
associated with fairly abrupt, although slight, is due to ship's-own screws. Frame 1 gives
changes in depth. warning of the approach of the torpedo at

Response to Noise. With a noise source in bearing 270 degrees. Nearest approach oc-
the direction of the transducer axis, the re- curred during the interval recorded in frame
ceiver gain may reach a value such that the spot 23, 1 minute and 50 sec later. Assuming a
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speed of 40 knots for the torpedo, detection out at 60-kc carrier frequency using the stand-
was possible at a range of at least 2,500 yd. ard QB projector and a specially designed

heterodyne receiver in place of the 755 re-
SUBMARINE TESTS OF :PROTOTYPE ceiver-amplifier. A marked improvement in
MODEL the ability of the system to detect small changes

in signal level was noted. Tests were conducted

When the project under which this equip- out to a range of 1,200 yd. On practically
ment was developed was first authorized, it every occasion it was possible to obtain well-
was assumed that its basic purpose was to defined echo signals from a 36-in. mine case.
give warning of the proximity of a mine and to It should be pointed out, however, that at-
disclose its location with sufficient accuracy tenuation becomes appreciable when using a
to permit avoiding action to be taken. Later 60-kc carrier. This appeared as a significant
it appeared that the gear might be called part of the transmission loss for ranges in
upon to provide information sufficiently com- excess of 500 or 600 yd.
plete and accurate to permit the preparation
of chart overlays to show the positions of all VARIABILITY OF RECEPTION
mines in a mine field. Its use for this purpose
was, therefore, studied in considerable detail The well-known fact that water conditions
during the operational tests aboard a subma- have a marked effect on signal strength was
rine.2 In general it may be said that once a observed during both the submarine and the
mine was detected the range and bearing in- surface ship trials. In a given location and with
formation obtained by means of the MATD negligible thermal gradients, echo signals
unit was of greater accuracy than could be varied from levels which were barely detect-
obtained by any method available as a check. able to levels which raised the spot intensity

to its maximum value. No assignable cause
has yet been discovered which can be rigorously

8.6 CONCLUSIONS correlated with this variation.

OPERATION AT HIGHER CARRIER ADVANTAGE OF SIMULTANEOUS AURAL

FREQUENCY AND VISUAL DETECTION

During surface ship trials a few tests were Experience gained with both the oscilloscope
made to determine the effect of operating fre- and the chemical recorder in connection with
quency on performance. By operating at a the submarine torpedo detection tests described
higher carrier frequency one Would expect above show that, regardless of the excellence
an improved reverberation-to-echo signal ratio of any visual indicator, the warning of an
as a result of the more sharply defined trans- approaching torpedo might be advanced if
ducer beam.' In order to verify deductions aural as well as visual means were to be used
based on such considerations tests were carried for the observation of received signals.

UCDWR Small Object Detectors ciples may be applied to other installations. The
system consists of a 24-kc ADP transducer

The UCDWR small object detector is a driven by a 250-watt transmitter. Echoes are
small medium-power echo-ranging system de- received by a three-stage amplifier and indicated
signed to provide detection of mine cases and on a modified chemical paper recorder. For
other small objects at maximum range. It is maximum target resolution, a pulse length vari-
intended primarily for installation aboard sub- able from 0.1 to 3.0 milliseconds is provided.
marines and mine sweepers although its prin- With this system typical mine fields can be de-
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tected and plotted at ranges in excess of 1,000 work was also done on a 90-kc system. Three
yards under ideal water conditions. It is be- experimental models were constructed by the
lieved that overall performance might be im- UCDWR, one of which was installed and pro-
proved by the provision of A-scan, indication and vided successful operation on a fleet-type sub-
greater acoustic power. Son e experinental marine.

rr

RANGE
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FIGURE 16. (Upper left) JB4Z transducer installed aboard submarine. (Upper right) Model I (500) SOD
receiver (front view). (Lower left) Model II 501 SOD chemical recorder and bearing indicator assembly.
(Lower right) Model I (500) SOD transmitter and relay rack.
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FIGURE 17. British Asdic 135 equipment. (Upper left) Chemical recorder, (upper right) receiver unit, (lower
left) transmitter unit, (lower right) transducer, showing separate transmitting and receiving elements
mounted coaxially.

8.7 INTRODUCTION approximately 1/4 msec, is produced by shock-
exciting the magnetostriction transducer. The

In the early part of 1944, UCDWR was received echo is detected by a separate magneto-
authorized to (1) evaluate existing British small striction transducer unit. The output of the
object detection equipment, (2) determine the receiver is applied directly to the stylus of a
feasibility of modifying standard pinging chemical-type recorder (Figure 18). This fig-
echo-ranging gear for long-range (1,000-yd) ure also shows typical recorder traces as ob-
detection of mines and landing obstacles, and tained on 3-ft diameter mine cases as targets.
(3) develop small object detection equipment An improved receiver output filter (subtrac-
to detect small objects effectively at fairly tion unit) was later added to this device to
long ranges. increase target to background discrimination on

The first SOD devices tested were the British the recorder paper.
Asdics 135 and 150, designed for location of The British Asdic 150 is essentially a 135,
tagets at ranges up to 600 yd. The Asdic 135 is modified for mobile operation on landing craft.
a pinging echo-ranging device which operates Although ranges exceeding 1,000 yd on cap-
on a frequency of approximately 15 kc and is tive mines had been demonstrated at Fairlie
designed primarily for harbor protection in- with this equipment, maximum ranges of only
stallation. It is composed of four units: several hundred yards were reported by the
transducer, transmitter, receiver, and recorder UCDWR laboratory. Although the cause for
(see Figure 17). A short transmission pulse, this discrepancy in performance is not defi-

CONFIDENTIAL



154, SMALL OBJECT DETECTION

nitely known, it is believed to be the result of
faulty transducers and unfavorable conditions
of testing.

Pinging echo-ranging equipments then in
standard use were also evaluated. Tests in-
dicated that they were unsuitable for long-
range small object detection because of their
relatively long ping periods (50 to 200 msec)

I which caused extremely low echo-to-reverbera-
tion ratios, especially in shallow water. It was
believed that extensive modifications would

X X have to be made in such components as the
X keying circuits, transducers, and receivers, in

Xorder to convert them for long-range small
object detection.

An evaluation was also made of the Navy
panoramic recorder, which provides a perma-
nent plot of positions of obstacles with respect
to the course of a survey vessel. Many tests
were conducted from a stationary barge but
the results were considered unsatisfactory,
mainly because of the equipment's insensitive
paper. This paper is a special type, "Tele-
deltos," and it was impossible to substitute more
sensitive chemical papers for it. As a result of
these tests, no shipboard installation was made
for further test.

In view of the importance of the application,
it was felt worth while to build an apparatus
designed specifically for SOD. Because of the
desire for higher performance than obtained
with the models described, a program was in-

Astituted for the development of small object
> detection devices. Several experimental 24-kc

models were constructed to evaluate the pro-
posals for long-range small object detection; a
90-kc device, utilizing another system of pulse
keying, was also constructed to investigate very
short pulses and the feasibility of higher fre-

.- 3-FOOT SPheRE quencies.
In New York and later in San Diego, Dr.

Willis of the British Laboratory at Fairlie, who
had been instrumental in the development of
the British Asdics 135 and 150, made a number
of constructive suggestions regarding future
further development of SOD devices.

With the results of the various tests and these
suggestions, the design of SOD equipment was
reduced to the following fundamentals by

FicuRr 18. British 135 Asdic recorder traces. UCDWR: (1) a circuit designed to transmit
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FIGURE 19. JB4Z transducer characteristic curves.

CONFIDENTIAL



156 SMALL OBJECT DETECTION

KIOI

.oo10 oI ss- ,
RIO2 RI03 X. 0

-- 5K' 15K XO

10AP

1 -10 l uf 3000V

OV 101 OlO02

23 0 17 70C

NOT CA"E OAOS OMMN A 2

FIGURE 20. Schematic diagram of 24-kc spark gap transmitter.

extremely short pulses with a maximum of in- TRANSDUCER
stantaneous power, (2) a receiver circuit hay- A JB4Z transducer having an ADP crystal
ing specialized characteristics capable of re-arymoneinasnddJsiecews
ceiving the echo, and (3) a transducer capable used. The beam pattern in both horizontal and
of handling a high-powered pulse transmission. vertical planes was approximately 16 degrees

at the 6-db down points. Characteristic curves
a~ EXPERIMENTAL 24-KC MODELS are shown in Figure 19.

The first model, closely following the sug- TRANSMITTER
gestions made by Dr. Willis, was designed to
provide maximum range. Although it provided In the transmitter design, cognizance was
much useful design data, trouble was experi- taken of the results obtained by the British
enced with transducer arc-over, using a short, exponential-decay pulse and this

A second model was therefore designed which type of transmission was adopted. (See Figure
provided a better transducer, greater power, 20.) The generation of the pulse may be fol-
and higher receiver sensitivity. lowed by referring to the block diagram of
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discharged energy is coupled through a trans-
former to the output circuit.

The output circuit consists of a quenched
spark gap, relay, and transducer. When the
voltage from the output transformer rises, the

-- voltage within the transducer circuit builds up

to a maximum value (approximately 2.5 kv),
at which instant the spark gap breaks over,
causing the circuit to oscillate. The predom-
inating frequency is 24 kc. After the discharge,
the relay connects the transducer to the re-

FIGURE 21. Block diagram of SOD spark gap sys- ceiving circuit.
tern. The length of the pulse thus obtained was

inherently stable at 1/3 msec long when decayed
Figure 21. The amplified pulse from the re- to the value of 1/e. Analysis of the pulse in-
corder keying relay triggers a discharge tube. dicated a broad band of frequencies present,
This in turn discharges the large capacity con- centered around 24 kc. Peak power of the pulse
denser, which is charged between pulses from was approximately 118 db above 1 dyne per
the high-voltage power supply. The condenser's sq cm at one meter.
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FIGURE 23A. Recorder trace of preliminary model SOD, harbor test.
FIGURE 2'3B. Recorder trace of preliminary model, sea test.

RECEIVER the long time constant.
The subtraction unit is a network of in-

The receiver was designed to possess wide ductance, capacitance, and resistance whose
band-pass and high-gain characteristics. The primary function in the receiver is to subtract
circuit consists of three stages of amplification the large d-c component present in the re-
with appropriate filters between stages, an ceiver's output, leaving only the short-pulse
automatic volume control [AVC] circuit, and a signals. The filter is resistance-tuned to the
subtraction unit (see Figure 22). Because of time constant of the pulse being received.
the short length of the received pulse, a wide
band-pass is necessary for echo reception. Con-
sequently, the receiver response is fairly flat PEETTO

from 20 to 30 kc at the 3-db down points. The A standard Sangamo recorder (type CAN-
overall gain of the receiver is about 108 db. 55100A) was converted to a paper speed of

This amount of amplification is sufficient to 0.625 in. per minute on the 1,500-yd scale. This
satisfactorily mark the recorder paper under change resulted in better legibility of the re-
normal receiving conditions. The receiver out- corder trace and greater clarity of target echoes.
put is applied directly to the stylus of the If the paper is fed at a slow rate so that suc-
Sangamo recorder. cessive traces nearly overlap, the target out-

The AVC circuit has a time constant of 7.5 lines are relatively sharp. Because the re-
msec which allows the receiver to maintain a ceiver' s output was fed directly to the recorder
relatively constant background presentation on stylus, the standard amplifier section of the
the recorder by compensating for reverberation recorder was removed. Sangamo electrochem-
decay. However, any short pulse superimposed ically sensitive paper and a standard narrow
on the reverberation is not affected because of stylus were used.
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PERFORMANCE

The predominating frequency of the trans- 0RNEI UDESO AD

mitted pulse was 24 kc with sidebands between -
20 and 30 kc. This type of wide-band trans- %
mission tends to give smoother reverberation
decay than a normally shaped single-frequency
pulse.

Test results of this equipment in San Diego
harbor showed that targets, both large and
small, could be consistently picked up at ranges
in excess of 600 yd. It was found that the
spark-generated pulse is also capable of pierc- ___ X
ing wakes more easily than can pulses of 50
msec (or longer) duration (see Figure 23A). X

Final sea tests were conducted from aboard
an LCM, during which the SOD located both
8-in. triplanes and 3-ft spheres beyond ranges
of 1,000 yd (see Figure 23B).

8.8.1 Model I (500) SOD

GENERAL CHARACTERISTICS

Following evaluation of the 24 kc-preliminary
model SOD, which had been of temporary FIGURE 24. Submarine recorder traces of multiple
breadboard construction, another apparatus was targets.
assembled with the same general characteristics
but built to Navy specifications. This is known submarine operating conditions suggested im-
as Model I (500) SOD. provements which were later incorporated in

The transmitter and receiver were enclosed the improved Model II SOD, a description of
in a QLA cabinet and chassis. Circuit details which is given in the following section.

of the receiver, transmitter, and recorder are
given in the preceding section on the 24-kc 8.9 MODEL 11 (501) SOD
preliminary model SOD (see Figures 20 and
22). GENERAL CHARACTERISTICS

PERFORMANCE Model I submarine tests had shown that some
form of bearing indicator would be a definite

In April 1945, the Model I SOD was installed asset. As a result, a fiducial bearing indicator
aboard a submarine for evaluation and tests was developed as a special feature of the San-
(see Figure 16). It was proposed that this gamo recorder. The receiver gain was increased
SOD be used in conjunction with the QLA sonar as a result of redesign of the band-pass ampli-
gear as a long-range searching device. It was fier characteristics. The AVC dynamic range
found that the equipment could be used to conn was slightly increased, and the overall fre-
the submarine through a mine field while both quency response of the subtraction unit was
devices were operated. The maximum reported improved.
range of the SOD in detecting mines was ap- The Model II transmitter is similar to that
proximately 1,500 yd. By reference to Figure used in Model I (see Figures 21 and 22) with
24, 1,500-yd contacts on a group of six mines the exception that the relay changeover for the
may be seen. transducer (in addition to the keying relays)

Data and experience secured under actual is installed on the transmitter chassis.
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RECEIVER

The schematic diagram of the Model II SOD
receiver is shown in Figure 22. A slight in-
crease in sensitivity was obtained by the in-
corporation of higher Q inductance in the filter
circuits. General mechanical construction was
improved by minor design refinements.

BEARING INDICATOR

The bearing indicator, shown in Figure 25,
incorporates a selsyn-drive helical drum in the
recorder, rotating in azimuth simultaneously

RANGE SCALE

CHANGE CONTROL

FIGURE 26. Model II (501) SOD recorder trace
BEARING showing fiducial bearing lines.
SELSYN BEARING

PERFORMANCEFIUI L ,LNE
CGONTACTS Sea tests with this system showed that a

3-ft sphere could be contacted over 1,000 yd. In
DRIVER relatively shallow water, mine contacts were
GEARS made at maximum ranges of 800 yd.
BEARING

INDICATOR RECOMMENDATIONS
HOUSING

Although Model II SOD is the last 24-kc
device built at the date of this report, research

ULTRA-VIOLE / is being continued towards the development of
RAY LAMP ... a 24-kc sector scan indicator [SSI] in an effort

to give position plan indication [PPI]. A pro-
posal has been made to use a recorder paper

RANGE SCALE TOP VIEWING width of 18 in. for the 1,500-yd range scale,
WINDOW

as opposed to the present width of 6 in. to per-
mit better definition because of the higher

F GUR 25. Model 11 (501) SOD bearing indicator stylus speed.
mechanism.

with the rotation of the transducer. This ar- "10 90-KC SOD
rangement provides linear representation of the DESCRIPTION

bearing of the transducer, and shows 0-, 90-, and
270-degree fiducial (reference) lines upon the While the various 24-kc SOD devices were
record (see Figure 26). These functions are being developed, a 90-ke SOD device was con-
performed by the same stylus which records structed to investigate the feasibility of echo
target (echo) indication, ranging in the 80- to 90-ke band.
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TRANSDUCER with associated power supplies. The pulse gen-
erator supplies a modulated pulse to the power

A UCDWR type FE2Z transducer, designed amplifier and includes the transducer switching
for operation in the vicinity of 90 kc, was made relay.
up of an array of ADP crystals, inertia driven The circuit operation may be followed by
in air or Freon gas, and provided with a foam reference to the block diagram of Figure 31.
rubber backing (see Figure 27). At 90 kc, the The pulse rate oscillator (range determining

means) is built around an 884 thyratron and

ELECTRICAL produces a pulse rate continuously variable
BACK COVER CONNECTIONS from 1 to 50 cycles per second. The pulse is

shaped by the relay interval timer to a square
__: ... wave form of adjustable period; this adjust-

-ment also determines how long the switching
relay remains in the "transmit" position. From
the relay interval timer, the pulse is applied to

* the relay control circuits where it is amplified
to actuate the relay. The pulse is also applied
to the pulse delay timer, where it is adjustably
delayed to insure the relay time to operate be-
fore the outgoing pulse arrives at its contacts.

*The delayed pulse then goes to the pulse timer,
where the final pulse length is determined.
Three pulse lengths (1.4, 1.9, and 3.0 msec)
are available by means of the selector switch
in the plate circuit of the pulse timer. The
square wave pulse from the pulse timer is used
to key the multivibrator oscillator, which modu-
lates the pulse with approximately 90 kc. The
frequency of transmission is variable from

FRONT FLANGE about 70 to 105 kc by means of the potenti-
ometer in the oscillator grid circuit. After

FIGURE 27. FE2Z transducer. passing through the balanced cathode follower,
the pulse is fed to the power amplifier, a con-

horizontal lobe pattern is fairly broad, having ventional push-pull circuit (Figure 30). From
a width of 16 degrees at the 3-db down points; the power amplifier, the signal is delivered to
the vertical pattern is quite narrow, being 5 the transducer cable terminals. The power input
degrees wide at the 3-db down points. The to the transducer cable terminals varied from
pattern is lobe-suppressed in the horizontal 100 to 400 watts. The sound pressure in the
plane only. Response curves indicated high water was found to be approximately 109 db
efficiency in the 80- to 90-kc band; character- above 1 dyne per sq cm at 1 meter.
istic curves of the transducer are shown in A later addition was a switch connected after
Figure 28. A tilting mechanism was installed the pulse rate oscillator which permits obtain-
between the transducer mounting and the train- ing the initiating pulse from the Sangamo re-
ing column, making it possible to direct the corder keying contacts in place of the 884
transducer horizontally or vertically and to thyratron.
lock it in position.

TRANSMITTER RECEIVER

The transmitter consists of a pulse generator The first receiver was a three-stage ampli-
(Figure 29) and power amplifier (Figure 30) fier with a diode rectifier which delivered the
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270 90 90 ke.
E. Complex impedance measured at the end of a
37-ft cable with matching network between unit

180 and cable.
D

FIJuRr 28. FE2Z transducer characteristic curves.
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FIGURE 29. Schematic diagram 90-kc SOD pulse generator.

signal to the CRO. Later, an improved version, tuting a slow paper speed of 0.625 in. per
incorporating a TVG circuit (see Section 2.2), minute. Later, a fast stylus, high-speed San-
was constructed. A schematic diagram of the gamo recorder with a maximum range of 600
final receiver is shown in Figure 32; its fre- yd was also furnished. Sample traces from the
quency characteristic is shown in Figure 33. slow- and high-speed recorders are shown in

Figure 35.

PRESENTATION PERFORMANCE

Received signals are applied to the vertical A number of test runs were made in San
amplifier of an A scan CRO having a long- Diego Bay using mooring buoys, spaced 200 yd
persistence screen (see Figures 31 and 34). A apart in 40 ft of water, as targets. Figure 35A
slow linear sweep was provided to make signal shows the results of one test made with the
sweeps as long as 1.3 sec possible. A cathode long pulse (3 msec) and slow paper-speed re-
follower (see receiver schematic, Figure 32) corder. The results of the second test, made
was incorporated to couple the signal from the with the high-speed recorder, are shown in
receiver to the Sangamo recorder stylus at the Figure 35B.
proper voltage without affecting the CRO pres- Tests were also made at sea in water varying
entation. The recorder was modified by insti- in depth from 100 ft to 100 fathoms using
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FIGURE 32. Schematic diagram 90-kc SOD receiver.

95 standard 3-ft spheres as targets. The results
of one test, shown in Figure 35C, show that the

6sphere was not detected until a vessel, traveling
/ at high speed between the test vessel and the

zz 55 target, had passed. In the second run (Fig-
ure 35D), with no interfering wake, the target

: 0was identified at 350 yd.
SiSi

45- EVALUATION

Although the 90-kc SOD had various draw-
Ibacks, it was felt that they were more than

compensated by the advantages of the system.
35 The equipment constructed for this investiga-65 70 75s o 85 90 95 100REOUENCY IN K5LOC9CLES tion was designed to give maximum control of

FIGURE 33. Frequency response curve of 90-kc the variables of the problem rather than opti-
SOD receiver. mum operation. On the basis of the test runs
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FIGURE 34. Schematic diagram of 90-kc SOD oscilloscopic circuits.

only, the following conclusions may be drawn. reasonably stable platform, the 5-degree ver-
Pulse Len gth. In the few tests made, the tical beam might be more efficient. Further

3-msec pulse resulted in the greatest range. It improvement might be made by lobe suppres-
was felt that the most useful device for indica- sion in the vertical plane and a reduction of the
tion of maximum range through noise and horizontal beam to about 10 degrees.
reverberation should have a continuously vani- Presetation. The fast-stylus recorder pre-
able pulse length from 0.25 to 3.0 msec. sents a much more readable result than the

Signal Freqeny. As predicted by theoreti- slow paper-speed, long-range recorder, and it
cal considerations, operation at this frequency is recommended when use of the recorder is a
(80 to 90 kc) decreased the maximum range. necessity. A PPI with a high resolution is the

Power in Water. The power in the water obvious solution, but presents a tremendous
was low. This could be made higher by efficient engineering problem. The A scope monitor
amplifier design. However, a considerable in- proved extremely valuable for tuning the equip-
crease in power would be necesary to increase menit and gave a much higher degree of reso-
maximum range by an effective amount. lution than the recorder traces. This is shown

Transducer Diretivity. The directivity pat- in Figure 36. A dual installation of PPI and A
tern of the FE2Z transducer makes operation scan would be an extremely effective manner
difficult on a rolling ship in a heavy sea. On a of presentation.
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0~' 200 406 000

A RANGE IN YARDS

FIGURE 25. Recorder traces of 90-kc SOD tests.
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8A.12 INTRODUCTION

Before and during coastal amphibious land-
ing operations, underwater objects in shallow
water such as mines, reefs, and other obstacles
must be located. Prior to the development of
USDAR, these obstacles could be located only
by men walking or swimming in the water.
Attempts to adapt a standard Army land mine
detector for this purpose were unsuccessful
because of its limited range and the difficulty
of handling in waves and surf.

There was need for an instrument which was
small, portable, waterproof, and operable in
fairly shallow water by swimmers and divers.
Such an instrument was also to be operable
overside from a small boat. The system de-

O Dvised consisted of a midget narrow-beam echo-
ranging system employing a sine-wave fre-
quency-modulated signal which is continuously

.projected into the water through a small crystal
transducer. The reflected signal is received by
the same transducer and mixed in a detector
with the transmitted signal to give a warbling
beat frequency, audible in earphones, whose
apparent pitch is dependent on the distance of
the reflecting object.

Various models employing frequencies of
FIGURE 36. Comparison between A-scan CRO 250-, 500-, and 1,000-kc were tried. Best results
and recorder trace presentation. were obtained with a 500-kc model, the USDAR

Model 500 A, which was adopted and put into
pilot production. Although these units did not

Underwater Sound Direction and Range see large-scale use during the war, their ability
System [USDAR] to locate very small objects under difficult con-

ditions should make them useful as an under-

USDAR is a small, hand-held device which is water sound "flashlight" for many underwater

capable of giving a qualitative indication of operations.
direction and distance of underwater obstacles
at a range from approximately 5 to 100 feet.
The device, similar in appearance to a flashlight,
is self -contained, with the exception of a battery
box and headphones. A single quartz crystal is
used for both transmitting and receiving a con-
tinuous frequevcy-modulated signal. Distance
to the object is indicated by the apparent pitch
of a tone obtained by heterodyning the trans-
inssion and echo signals. Direction is indicated

by orienting the device for maximum signal
amplitude in the phones. USDAR was developed
by the RCA laboratories. FIGURE 37. USDAR Model 500 A.
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Certain suggestions for improvement, includ- 3. Increased high audio-frequency gain.
ing the use of a sawtooth modulation to provide 4. Oscillator frequency of 500 kc.
a single-frequency tone instead of the present 5. Audio signal to be centered at 500 c at 5 ft.
warbling tone and an ADP transducer, have 6. Vibrator power supply with external bat-
been proposed and are scheduled for further tery in waterproof case.
investigation. 7. Heavier unit case.

It was also decided to investigate the prob-
lem of waterproof headphones for use in the

8.13 TECHNICAL DEVELOPMENT surf. As a result a waterproof modification of
a Western Electric headset was developed,

USDAR 1000 which was submersion-proof and incorporated
a soft rubber cup to cover the ears. The cup

The first model included a low-frequency served to prevent airborne sound and water
oscillator (12 cycles per second), a reactance- from getting into the ears. The modified head-
tube modulator, a high-frequency oscillator phone ranged from 2 to 10 db less sensitive
(1,000 kc per second), a detector, a two-stage than the unmodified set.
audio amplifier, and two quartz crystal trans- Alterations of the audio system resulted in
ducers (one for transmitting and one for re- approximately a 20-db increase in gain in the
ceiving). These components, together with bat- high-frequency range. The overall result with
teries for several hours of operation, were the modified amplifier and headphones was a
assembled in a portable case. 10-db increase in sound pressure response at

It was soon decided that two transducers the higher frequencies.

were unnecessary and the detector system was

changed so that a single crystal transducer was
used for both transmitting and receiving. USDAR 250

A second alteration increased the high-fre- The USDAR 250 unit operated in the 250-kc
quency response of the audio channel with a region and in construction was the same as the
view to increasing the range of the unit. original USDAR 1000 and 500 units except for

In the second model attempts were made to the size of the crystal. This was 2 in. in di-
improve the sound output. To this end a circuit ameter, compared to a 1-in, crystal used in the
was developed to give a sawtooth modulation 500 model and /o-in, in the 1000 model. The
of the high frequency, with the expectation of performance of the 250 unit was somewhat
obtaining a more nearly constant tone in the better than that of the 1000 unit, and after
headphones (for a given distance). changes in the values of resistors and capaci-

Both these models performed satisfactorily, tors in the detector circuit it showed a slight
although it was found difficult to keep them on improvement over the original 500 model.
the target, because of the narrow beam. However, this difference might have been over-

come by applying the changes made in the 250
USDAR 500 unit to the 500 USDAR.

This unit was identical with the first Model
1000, except that it was designed to operate in SAN DIEGO MODELS
the 500-kc band. Tests showed some improve-
ment over previous models, particularly a gain The University of California Division of War
in maximum range. In an effort to improve the Research group in San Diego developed several
overall performance, it was decided to build a devices similar in nature to the USDAR unit.
new unit incorporating the following. A small transducer, consisting of a mosaic of

1. Increased high-frequency power. ADP crystals (instead of a quartz crystal), was
2. Broader directivity (achieved by using a used in the following devices.

crystal whose diameter is one-half the usual 1. A 250-kc USDAR unit using the same
dimension). electric circuit as the RCA USDAR-1000 series.
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2. A 118-kc USDAR using linear (sawtooth) 8.14 DETAILED DESCRIPTION OF FINAL
frequency sweep. The circuit for this unit was MODEL
developed in San Diego.

3. A shock-excited pinging type of USDAR. PRINCIPLE OF OPERATION

The transducer in this unit was pulsed periodi- Figure 38 shows the block diagram of the
cally by applying a sawtooth voltage from a gas USDAR Model 500 A. A separate transmitter

CRYSTAL TRANSMITTER

OSCILLATOR REACTANCE OSCILLATOR

AUDI DETECTOR.-- •OBJECT

0 m-AMPLIFIER DTCO

PHONES ," CRYSTAL RECEIVER

FIGURE 38. Block diagram-USDAR Model 500 A.

tube relaxation oscillator. The transmitted and and receiver are shown to simplify the explana-
received pulses were observed on an oscilloscope. tion, although the actual device uses a single

4. An echo-keying USDAR unit employing a crystal which serves both purposes. An audio-
blocking oscillator type of circuit. (No further frequency (a-f) oscillator operates at 12 cycles
data available.) per second and is used to drive a variable re-

Comparative tests between the first three actance tube. This in turn serves to vary the
units and an RCA USDAR Model 500 A (see frequency of a high-frequency (h-f) oscillator
next section) gave range results which agreed which oscillates at 500 kc. The output of the
fairly closely. The linear frequency sweep h-f oscillator is applied to a quartz crystal
model gave a signal which had the sound of a transmitter. Reflected sound, picked up by the
nearly constant tone interrupted periodically crystal receiver, generates a voltage which is
by a loud, sharp thump, presumably due to the applied to a detector. A small amount of the
sawtooth "fly back." h-f oscillator output is also applied to the de-

The pinging type worked well at short dis- tector. The output of the detector is amplified
tances although the use of the oscilloscope in- and applied to a pair of headphones.
dicator restricted the intended conditions of In Figure 39 the output of the a-f oscillator
use. is shown as a sine wave. The frequency of the

h-f oscillator output, also a sine wave, varies
USDAR 500 A 4,500 cycles above and below its average fre-

quency of 500 kc, at the same rate as the a-f
The 500-kc model described earlier was frequency, or 12 cycles per second. The signal

modified to incorporate the original directional from the incoming echo lags behind the h-f
characteristic (narrow beam), the new audio oscillator output an amount dependent upon the
characteristic, and a separate waterproof bat- distance to the object. The audio output fre-
tery box. The vibrator supply was abandoned. quency, shown as the difference between the
The high-frequency swing was made as large outgoing signal and incoming echo frequencies,
as feasible, and more high-frequency power was varies from zero to a maximum, which depends
obtained. The USDAR Model 500 A was then on the distance to the object, at a rate twice
accepted as the final model. that of the a-f frequency. The impression given
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by listening to such a signal is a warbled tone
of approximate 7,o of the maximum frequency.

From the foregoing it is seen that the fre-
quency of the detector output is dependent on

the rate at which the h-f oscillator frequency e
is changed and the distance to the object. It
should be noted that the closer the object the

FIGURE 40. Side view of chassis-USDAR Model

W 500 A.

t ELECTRICAL DESCRIPTION
U)

The schematic circuit diagram of the USDAR
.4 0 SEC -Model 500 A is shown in Figure 41. The first

OUTGOING SIGNAL AVERAGE FREQUENCY 1T4 tube is the audio-frequency oscillator. It
Iutilizes a resistance-capacity feedback network

: ,, in which the phase shift is 180 degrees at the

/ desired frequency of 12 cycles per second.
S- --- The second 1T4 is the reactance tube. Its

oh plate voltage is the sum of the B + and the
± high-frequency alternating voltage across the

high-frequency oscillator grid coil. The grid is
f connected to the plate through a small capacitor.MAXIMUM--,

D- FREQUENY The grid is also connected to ground through

M] a 1,000-ohm resistor and a relatively large capac-

2 .itor which is essentially a short circuit for the
high frequency. The result of this circuit is to im-

Ff t press on the grid a voltage which is 90 degrees
out of phase with the voltage impressed on the

plate. The resulting plate current will therefore

lower the frequency, within the normal maxi- be 90 degrees out of phase with the plate voltage

mum range of approximately 100 ft. The maxi- or the equivalent of a capacitor. The amount of

mum difference frequency of 9,000 cycles per plate current (or the effective capacity) in the

second occurs when the delay between the tube can be changed by varying the grid bias.

outgoing signal and incoming echo is 180 de- The desired variation of grid bias is obtained

grees which, since the audio frequency is 12 by coupling the low side of the 1,000-ohm re-
cycles per second, is 11.4 sec. This corresponds sistor to the low-frequency oscillator.
to a range of approximately 100 ft. Beyond' The 1S4 tube is the high-frequency oscillator.

that distance the difference frequency becomes It is a form of electron-coupled circuit in which

smaller, causing an ambiguity in range when the frequency is controlled mainly by the screen

compared to distances of less than 100 ft. grid-control grid portion of the circuit. The

The complete device is shown in Figure 37. plate circuit is, to a degree, isolated from the

The unit proper is contained in the cylindrical grid circuit and has only a minor effect on the
case. The quartz crystal is seen as a depression frequency. The reactance tube is connected

in the face of the unit. The rectangular case, across the frequency-controlling portion of the
containing the batteries, and the phones are circuit and varies the frequency in accordance
waterproof. A side view of the chassis is given with the signal from the low-frequency oscil-

in Figure 40. lator. The 1S4 plate circuit is a tuned trans-
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former which serves to produce a high voltage versus 1 volt for a sound field of 1 dyne per sq

across the quartz crystal element. cm. The transmitting response of the unit,

The 1S5 is a combined detector and first expressed as sound pressure at a 10-ft distance

audio-frequency amplifier stage. The detector on the axis in decibels versus 1 dyne per sq cm

is a diode, the plate of which is coupled to the per volt in series with 72 ohms, is given in

crystal circuit by a 51- f capacitor and con- Figure 42B. By the addition of 34.3 db to the

nected to ground by a 510,000-ohm resistor. values in this figure, the transmitting response

The circuit between the diode plate and the iS5 can be expressed in terms of the pressure at 1-

grid is a filter to suppress the high-frequency meter distance in decibels versus 1 dyne per sq

voltage existing in the detector output. The 1L4 cm for one available watt from 72 ohms.

is the audio output stage. It is coupled to the Figure 43 shows a directivity pattern for the

1S5 by standard resistance-capacity means. unit at 495.6 kc. The directivity index is -28.7

The 1L4 is pentode-connected and is coupled to db. From this index and the projector response,

the phones by means of a transformer. the transmitting efficiency of the unit was found

to be -- 10.2 db. The minimum measurable signal
CALI RATON O US AR M DEL 500pressure for a 1-c band, that is, the threshold

Figure 42A gives the open-circuit receiving pressure of the crystal, is 82.7 db below 1 dyne

response of the USDAR 500 unit in decibels per sq cm (8.7 db below 0.0002 dyne per sq cm).
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FIGURE 42A. Response of USDAR Model 500 FIGURE 42B. Response of USDAR Model 500
(serial No. 1)-used as a hydrophone. (serial No. 1)-used as a projector.
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FIGURE 44. Relation between object distance and
maximum frequency.

240* 120*

to work in shallower surf proved unsatisfactory,
probably because of air and sand churned up
in quite turbulent water.

In a series of tests performed by a demoli-
tion team, the following results were obtained:

210° (so* 15o
o  1. Mines were detected at distances of 6 to

FIGURE 43. Directivity pattern for USDAR Model 35 ft in clear water 2 to 5 ft deep.
500 (serial No. 1)-used as a projector at 495.6 kc. 2. One-foot diameter boulders were found at

10 ft, and larger rock masses were found at 40

PERFORMANCE FIGURES ft in 4-ft deep clear water.
3. Water in which a great deal of sand was

Figure 44 shows the calculated variation of suspended cut the sensitivity against mines
the peak frequency of the output of the device practically to zero.
with respect to distance. Tests conducted on • Some mention should be made of the problem
two 500 A units showed a maximum range of which presents itself when the object to be
approximately 190 ft. Other tests were made detected is a smooth plane surface. If the angle
in the surf with two types of mines as targets. between the transmitted beam and the surface
Satisfactory performance was obtained for tar- differs appreciably from 90 degrees, no echo
get distances out to approximately 50 ft for will ordinarily be heard. However, immersion
water depths greater than about 2 ft. Attempts in water for any length of time will roughen

CONFIDENTIAL



174. SMALL OBJECT DETECTION

such a surface, and part of the outgoing signal, .15 RECOMMENDATIONS FOR FUTURE
because of its short wavelength, will be re- WORK
turned as an echo.

Tables 1 and 2 give a summary of the results There should be a need for a device which
of tests on the USDAR 1000 (serial No. 2), fills the gap between USDAR and the standard
USDAR 500 (serial No. 1), and USDAR 250 ranging gear. The device would give qualita-
(serial No. 1) units. It will be noted from tive information as to distance and direction

TABLE 1. Summary of ealibration tests on RCA USDAR units.
Self-driven Receiving Audio response Calculated signal*

I)iameter of pressure at 10-ft response at at 50 ft-db vs Directivity Reflector at
crystal distance --dh vs peak-dh 1 v in series index 50 ft-db vs

Unit (in inches) 1 dyne per sq clm vs 1 v with crystal (11) 1 V

1000 2 2 81.4 - 94.5 +3.9 -27.5 -52.2
500 -1 1 80.3 -79.5 +7.0 -28.7 -35.2
250-1 2 81.6 -76.2 - .45 -28.2 -38.0

* For nmelhod of doterjining ealculated signal, see bibliographical reference 3.

Table 1 that these three units have similar self- and would probably be used on small naval
generated pressures and similar directivity in- craft in detection and location of medium sized
dices. There is, however, a decided gain in the obstacles. The immediate problems of such a
receiving response of the 500 unit over that of device would be:
the 1000 unit, whereas the receiving response of 1. A new transducer to operate at a lower
the 250 unit is slightly higher than that of the frequency and to have a broader directional
500 unit. pattern. The lower frequency would be neces-

Table 2 summarizes the results of the field sary to reduce the doppler effect caused by the
boat motion. The broader directivity is neces-

TAnu,, 2. Summary of perlfoiance tests on RC.A sary to increase the field of the device.
IJSIDAR units. 2. Circuit development to give more range

to the device, by way of more power. Compact-
iaxiruli aro head eceivers, ness would not be so great a problem as with

range Noise Reflector at 50 ft-db the present USDAR; therefore, new circuits
Unit in ft voltage vs 1 V using more and larger tubes could be developed.

1000-2 70 .02 -51.0 The relative merits of pinging versus fre-
500-1 120 .036 -36.2 quency-modulation systems for the above de-
250-1 150 .035 -33.8 vice should be investigated.

Some work has been done to convert the
measurements on the three units. There is a USDAR Model 500 A for use as a transmitting
large gain in the maximum distance reached shallow water fathometer.4 The principle is
with the 500 and 250 units over the distance the use of a Wien Bridge in the circuit, by
reached with the 1000 unit. The audio-fre- means of which the output frequency is de-
quency voltage across the head receivers has termined. This in turn gives the distance to
been given for a 50-ft reflecting distance. It the target which in this case is the water bot-
will be noted that these latter values agree tom. Depths from 4 to 30 or 40 ft can be
closely with the calculated signals in Table 1 measured in this manner. Additional work is
except for the 250 unit, for which the agree- needed to improve and standardize this de-
ment is only fair. velopment.
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Chapter 9

SECURE ECHO-SOUNDING EQUIPMENT

Secure Echo-Sounding Equipment

The secure echo-sounding equipment [SESE]
is a small, low-power, echo-sounding equipment
which was developed for submarine service.
The primary design considerations were (1)
accuracy at shallow depths and (2) "security"
from overhearing. A range of depth measure-
ment from 1 to 105 fathoms is provided. The
feature of security is obtained by virtue of the
high frequency employed (80 kc) together with
minimum power output necessary to insure echo
return. In operation, the keying interval is con-
tinuously varied by the operator, depending
upon the water depth, until an echo is received
just as the next signal transmission is made.
The keying interval is, therefore, a measure of
the water depth. As in some forms of radar,
the controls are adjusted until the echo "pip" is
lined up with a "marker" on the cathode-ray
oscilloscope trace. Several secure echo-sounding
equipment installations saw service in war
patrols and satisfactory reports of this service
were received. Development of secure echo-
sounding equipment was carried on by the Uni-
versity of California, Division of War Research,
San Diego, California. FIGURE 1. Control cabinet of SESE Model III-1.

9.1 INTRODUCTION parable to the WCA-2 equipment. This equip-
ment was very satisfactory for general naviga-

T THE OUTBREAK of World War II, the lack tion purposes but imposed a severe limitation
of a secure and accurate shallow water on submarine application because (1) it did not

sounding device prevented the safe operation of provide dependable soundings at shallow depths,
submarines in many coastal waters frequented and (2) its operation could be readily detected
by enemy shipping. This was due, in part, to by the enemy's echo-ranging and listening gear.
the hazard of running aground during evasive During the first two years of World War II,
tactics when the submarines' echo-sounding considerable work had been done on the re-
equipment could not be used without revealing generative object locator and the acoustic prox-
the location of the submarine. Even when the imity fuse.' Each of these devices employs an
security considerations did not prevent the use amplifier and two transducers. The input is
of the echo-sounding equipment, the accuracy connected to one transducer and the output is
of the soundings in shallow water was not satis- connected to the other. They are so arranged
factory. that a target, when in the proper location, will

Most U. S. submarines were equipped with reflect energy from the transmitting transducer
sonar equipment which was, in general, com- to the receiving transducer, causing the system
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176 SECURE ECIIO-SOUNDING EQUIPMENT

to feed back and oscillate. It was suggested that Accuracy. The system should provide ac-
such a system might be employed either as an curacy of approximately 5 per cent in depths
"acoustic warning device" for submarines, by ranging from 1 to 50 fathoms. The accuracy
causing this oscillation to energize an alarm, or desired established the necessity for extremely
by modifying it for use as a secure sounding short pulse lengths. If 4,800 fps is taken as
equipment. the velocity of sound in water, then 2,400 fps

An investigation of the general problem of is the effective "sounding" velocity. At a depth
secure sounding was started. The idea of adapt- of 1 fathom, the travel time is 6/2400 or 2.5
ing the regenerative object locator 2 to silent msec. Therefore, the duration of the transmit-
sounding was advanced by laboratory personnel. ted signal must be considerably less than 2.5
Since the regenerative object locator did not msec for good resolution. This short pulse
provide for range (depth) determination, a length and the requirement for high accuracy
means of overcoming this deficiency was pro- demanded a highly developed control-indicator
posed.:' The scheme involved the use of a re- system. It was apparent that mechanical con-
generative sounding device, gated to operate at trol of switching would be unsatisfactory, and
only a definite and limited depth range. that electronic means should be used. Similarly,

It was thought that the use of water-noise an indicator system employing a CRO appeared
pings in such a device would increase security desirable.
because listeners would be less suspicious of Security. The operation of the system must
amplified water noise than of foreign sounds. not be detectable by enemy observers at ranges
After the ping echo was received and amplified, greater than that at which the submarine's
its energy was fed back into the output system, screws, pumps, etc., may be overheard when
causing self-oscillation to be set up if the water operating under evasion conditions (i.e., rigged
depth corresponded to the gating interval. Use for silent running). Basically, a low-power de-
of the gated circuit was intended to offer addi- vice was indicated. A high signal frequency,
tional security. A regenerative sounder was above the sonar frequencies known to be in
constructed but it was found that the echo sig- use, was likewise desirable in order to avoid
nal could be detected on a cathode-ray oscillo- those bands normally covered by enemy lis-
scope [CRO] with greater security in shallow teners. These two requirements were in oppo-
water (up to 100 ft) without the use of a self- sition, because at high frequencies the rate of
oscillating circuit using aural indication. As a attenuation of acoustic signals is also high.
result of these findings, SESE was designed as a Studies of reverberation and other theoretical
low-power echo sounder with a local oscillator. considerations suggested some advantage in the

SESE was installed on four submarines. Very use of pulses of the order of 1 msec or less.
favorable reports of these installations were re- The security requirement also influenced trans-
turned from the field. However, SESE is not ducer design considerations, since a sharp beam
standard equipment on U. S. submarines be- was desirable in order to provide a good reflec-
cause the NGA-type echo sounders, then in pro- tion efficiency and reduce scattering of the out-
duction by the Submarine Signal Company, put energy.
were believed to be available in sufficient num- Small Size. The entire electronic equipment
bers to permit installation earlier than the best should be small in order to facilitate installa-
possible production date for SESE. tion in the submarine. In addition, it was

desirable that the central equipment be small to

9.2 EXPERIMENTAL DEVELOPMENT permit installation in the conning tower.
Simplicity. The system should be simple to

9.2.1 Design Considerations operate and the indication should be easily in-
terpreted. The requirements for simplicity and

The most important characteristics of a se- small size could obviously be fulfilled only after
cure echo-sounding equipment for the submarine a design had been reached which first satisfied
service were believed to be as follows, the requirements for accuracy and security.
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9.2.2 Proposed Soundiiig Systems GATED WATER-NOISE SYSTEM

In these experiments, 80 kc was chosen for During the investigation of the acoustic feed-
the operating frequency as being well above the back system, an oscilloscope, which was being
probable range of enemy listening gear. This used for monitoring, revealed that echo pulses
frequency was also low enough for reasonable were detectable even at times when the gain of
crystal transducer design. The sharply tuned the circuit was insufficient to produce build-up
filters in the amplifiers were designed to accept and oscillation. Under this condition, it was
only those frequencies lying between 76 and still possible to adjust the gating interval to
84 kc. obtain coincidence of pulse and echo while ob-

serving the CRO screen. The circuit was the
GATED ACOUSTIC FEEDBACK SYSTEM same as the one previously used, but operation

was possible at a much lower power level. Since
In this system, the circuit was gated at a security was of paramount importance, it was

controlled rate. The pulse rate was adjusted apparent that the gated water-noise type of
so that a pulse was sent out just as the echo operation had a substantial advantage over the
from the previous pulse was being received. If feedback method of operation. At the same
the overall gain of the loop, including the water time, the advantage of the CRO as an indicator
path, was sufficiently high, the circuit would had been demonstrated.
build up by acoustic feedback and oscillate. The
oscillation would occur at supersonic frequen- LOCAL OSCILLATOR SYSTEM
cies and could be made audible by a heterodyne It was believed that the spectrum of the water
detector employing a beat-frequency oscillator. noise signal, after having passed through the

The circuit tested in breadboard form is in- filter and gating circuits, would not be greatly
dicated in the block diagram of Figure 2. When different from that of a locally generated sig-

nal. Accordingly, the local oscillator circuit

80-k GATING 8T041T

A PUFIER CRUTAMPIER 1R.

I CATING OUPU

RECEERING ANNGUTTIN

CIRCUIT ATRIT

AMLIIE R a Ier

TELEPON BO A, SWITCH POSIflONI

RE-URS OSCILLATOR S. ATED WATER NOISE

2. SATED SOAR OSCILLATOR

RES1d ATRANSMITTG TING
TROASUCER TRASDUCER REESId RANSMVITTINGZ

TRANSDUCER

FIGURE 2. Block diagram of gated feedback FIGURE 8. Block diagram of gated water noise
sounding system. and gated oscillator sounding systems.

the circuit was adjusted to obtain acoustic feed- shown in Figure 3 was set up in breadboard
back, a beat note was audible in the telephone form and tested. Testst showed that the gated
receivers. This beat note indicated that the water-noise pulse closely resembled that of the
gating interval was equal to the pulse travel local oscillator. The use of a local oscillator did
time. The dial of the gating-interval control not impair the security of the system, and
was calibrated in fathoms, offered the advantage of constant output level,
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whereas the amplitude of the water-noise sig- approximately 27 x 14 x 13 in. and weighing
nal varied with the ship's speed and location, about 160 lb (Figure 4). The cabinet contained

three chassis: (1) receiver amplifier, (2) out-
put amplifier and power supply, and (3) CRO

9.2.3 Evaluatioi of Proposed Systems chassis and power supply. The type 3FP7

The sounding equipment, assembled from the
circuit of Figure 3, was tested in a small boat
and aboard a submarine, using crystal trans-
ducers. Dock, bay tests, and sea trials were
conducted during which all three modes of
operation were tested and overhearing tests AU&
made. The following was observed.

1. The acoustic feedback system did not func-
tion at sufficient depths and the signals were .
overheard at ranges up to 200 yd.

2. The water noise and local oscillator sys-
tems were superior both on the basis of the
soundings obtained and also in connection with
the security which was afforded.

9.2.4 Conclusions

It was decided to proceed with the construc-
tion of a more compact sounding equipment
which would be capable of operation either from
water noise or from a local oscillator. Both
methods were to be used since it was still un-
certain as to which system offered the greatest
security.

At the same time, an investigation was under-
taken to determine which system was the most
difficult to overhear.' Preliminary tests, later
verified by this invesigation, indicated that for
equally short pulses there would be little or no
difference in the overhearing possibilities of
the two systems through water noise. FIGURE 4. Front view of SESE Model I control

cabinet.

9.3 SECURE ECHO-SOUNDING cathode-ray oscilloscope [CRO] tube which has
a long-persistence screen was employed in the
indicator circuit. The range-fathoms dial of

the indicator was calibrated in four scale
DESCRIPTION ranges: 1-3, 3-10, 10-30, 30-100 fathoms.

The SESE Model I, Serial No. 1404 was the OPERATION
first complete sounding device constructed and
provided means for either water noise or local The block diagram shown in Figure 5 illus-
oscillator pings. All the electronic equipment trates the circuit arrangement. The positive-
was included in a steel cabinet measuring bias multivibrator initiates the sweep gener-
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ator. The output of the sweep generator is thorns, the multivibrator (time base) operates
amplified by the vertical amplifier and pre- over the range of 400 to 1 cycles per second.
sented to the y-axis deflection terminals of the The echo of the transmitted pulse is picked
CRO. The multivibrator also supplies a pulse, up by the receiving transducer and amplified
delayed 180 degrees with respect to the sweep- by the receiving amplifier. The receiver output
initiating pulse, to the trigger circuit. The is further amplified by the horizontal amplifier

and presented to the CRO as x-axis deflecting
voltage. If the ping rate has been adjusted to

AMPLICR0 correspond with the water depth, then the
travel time of the pulse is just equal to the in-
terval between pulses. When this adjustment

TRIGGER 8 0-kc HORIZONTAL has been made, the echo of one pulse will be
CIRCUIT OSCILLATOR AMPLIFIER received just as the next succeeding pulse is

being transmitted. The echo deflection on the
CRO will then coincide with the deflection

80oko VA,,IOTOR caused by the ping (Figure 6). Until this
AMPLIFIER C,, Sadjustment has been made, the echo will appear

oWAT.ER N0SE SIGNAL at some other point on the trace.
TRANSN RIVIG It should be noted that two different methods
,A, TRANSE of operation are provided, depending upon the

FIGURE 5. Block diagram of SESE Model I. position of the selector switch. In position 1,
the output of the receiver is connected to the

trigger circuit controls the varistor gate circuit input of the gate circuit; in position 2, the
(connected as a ring modulator), permitting a output of the oscillator is connected to the gate
pulse of signal voltage to pass to the power circuit. The essential difference between these
amplifier. Therefore, a ping, delayed 180 de- pinging methods lies in the character of the
grees with respect to the sweep, is transmitted high-frequency signal source.
downward from the transmitting transducer For maximum security in operation, the
when the trigger circuit is operated. This out- power-amplifier gain control should always be
going ping produces an x-axis deflection at the set at the lowest value at which the echo de-
center of the CRO sweep and serves as a marker flection is adequate for observation above the
on the trace (Figure 6). The duration of this ambient water noise. The maximum power

which can be fed into the transducer circuit is
approximately 10 watts. A small fraction of
this power is converted into acoustical energy

ECHO by the transducer.

PING EC2O TRANSDUCERS

After several transducers had been con-
structed and tested, the GD16 transducer

PING AND ECHO DISPLACED IN TIME PING AND ECHO IN'CONCIDENCE" was finally selected as having the best direc-

FIGURE 6. CRO indicator for Model I SESE. tivity and efficiency for the purpose. These
transducers consist of an array of 128, 45-

ping is controlled by the RC constants of the degree, Y-cut Rochelle salt crystals, measuring
trigger circuit, as determined by the depth scale 1.0 x 0.090 x 0.320 in. (Figure 7). The crys-
being used. The interval between pulses de- tals are glued to a vitreous-enameled steel back-
pends on the multivibrator frequency which is ing plate, 4 in. square. This crystal motor is
adjusted to the depth being measured. Since housed in a cast Meehanite case from which it
the equipment is calibrated from 1 to 100 fa- is insulated acoustically and electrically by a
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Corprene case lining. A neoprene diaphragm ticularly advantageous since it was above the

seals the front of the case and the interior is frequency bands known to be in use by enemy
filled with castor oil, introduced under vacuum, sonar equipment and also provided a high rate

When operating at 80 kc, the main lobe of the of attenuation of undesired leakage radiation.

transducer's directivity pattern was aproxi- Such leakage or scattering was of small magni-

mately 15 degrees wide, 6 db down from the tude because of the favorable beam patterns of

maximum. The first side lobes are about 15 db the GD16 transducers at 80 kc.
lower than the main lobe. The impedance at 2. The performance of SESE Model I, using

either the water noise or local oscillator mode
of operation, had been proved satisfactory, both
with respect to operation at shallow depths and
also over a wide range of bottom conditions,
including mud, at 60 fathoms. It was believed
that a streamlined transducer mounting would-U permit operation at speeds greater than the 10
knots used.

3. The convenience of SESE operation could
be improved by housing the electronic equip-
ment in a cabinet small enough to permit mount-

P \ing in the conning tower of the submarine.
)' / 4. Greater convenience in operation could

also be achieved by means of an improved dial
design. The improvements suggested were that

w., . the calibration be made linear with respect to
time or depth, rather than the frequency, and
that a slide-rule type of dial with only one scale

GD16 transducer. visible at a time, replace the disk-type dial used

on Model I.

this frequency is 60 - J1350 ohms. Thus, with
the transmission lines loaded with a series in-
ductance of 2.68 X 10-:1 henry, the load ap- 9.4 SECURE ECHO-SOUNDING
pears as approximately 60 ohms, resistive. The EQUIPMENT MODEL II
low line impedance makes possible efficient
coupling between the transducers and the elec-
tronic equipment. The GD16's were used both 9.4.1 Design Changes

in the transmitting and receiving positions. ELECTRONIC

The principal electronic improvements incor-

9.3.1 Evaluation porated in the design of Model II SESE (serial

No. 1405) were as follows.
Based on the results of experience gained in 1. Replacement of the varistor gate circuit

the experimental installation aboard submarine by a vacuum tube keying circuit. The varistor

and surface craft, and the results of overhearing gate previously used in Model I provided only

tests,r' which had been made about the same about 40 db attenuation of the oscillator signal

time, the following conclusions were reached re- during the interval between pulses. This was
garding the performance of the SESE Model I not enough to remove all the steady 80-kc signal
equipment. on the x-axis of the CRO. This residual 80-kc

1. The security of SESE Model I was insured signal from the oscillator resulted in a blurring
by the use of high frequency, short pulse length, of the CRO trace, and made detection of weak
and low power. The 80-kc frequency was par- signals difficult. The new vacuum tube circuit
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employed a keying tube in the oscillator cathode right or left of the SESE cabinet. The down-
circuit. The bias on the keying tube was such ward sweep was also suggestive of the depth-
that the oscillator remained blocked during the sounding function of SESE.
interval between pings. This prevented any
leakage signal from broadening the CRO trace.
It also permitted higher gain in the receiver, MECHANICAL
which reduced the demand for output power. A number of mechanical improvements were
Thus, the security of the system was improved, made in the SESE Model II. The principal

2. Elimination of the gated water-noise type changes included a smaller and lighter weight
of operation simplified the design problem gen- cabinet, a new slide rule, and an edge-lighted
erally, and also the operating technique. Ex- dial which showed only one of the four scales at
periments on the masking effect of water noise a time. The dial minimized confusion in reading
on short pulses4 and the overhearing tests5 had by concealing the three scales which were not
established the fact that a gated water-noise in use. This dial, which was designed for con-
signal offered no advantage over the single fre- ning tower installation, also minimized the leak-
quency of a local oscillator. age of light from the dial. These features ful-

3. A new push-pull 80-kc oscillator which in- filled the naval requirement for lighting of
creased the frequency stability of the system conning tower installations.
and provided a greater output voltage, thereby
reducing the number of stages required in the
power amplifier. This push-pull oscillator proved REMOTE INDICATOR

ideal for control by the keying system. In order to provide for remote reading of the
4. A step-type marker circuit for the CRO SESE depth indication, a remote indicator cir-

which made possible a greatly improved CRO cuit was designed and an experimental model
presentation. The "leakage" signal from the built. The device consisted essentially of a po-
outgoing ping was no longer needed for a "time" tentiometer mounted in the SESE control cabi-
marker on the trace. The new step-type marker net and connected to the dial potentiometer. An
was developed by introducing a partially filtered extra "deck" added to the range switch in the
voltage sample of the keying pulse, into the Model II equipment served to switch scales in the
x-axis deflection circuit. The echo pip on the remote indicator. A milliammeter served as an
CRO trace is easily fitted into the step, as shown indicator at the remote location, and its reading
in Figure 8. thus depended upon the position of the range

and dial knobs of the SESE. The meter was
calibrated 0-100 fathoms in logarithmic fashion.
The remote indicator was energized from the

t SESE regulated power supply, and the selector
MARKER ECO switch varied the voltage applied to the poten-

tiometer in accordance with the scale used.
Thus, the depth in fathoms was clearly shown
on the remote indicator regardless of the depth

MARKER STEP AND ECHO MARKER STEP AND ECHO being measured. It should be noted that proper
DISPLACED IN TIME IN COINCIDENCE" operation of the remote indicator depended

FIGURE 8. CRO indicator for Model II SESE. upon the operator's matching the echo with the
marker. Although no provision was included in

5. The CRO tube was rotated 90 degrees, the experimental model, it would be a simple
thereby interchanging the x- and y-axes. This matter to provide a pilot light or some other
resulted in a vertical sweep trace in which the form of indicator which would indicate that the
electron beam moved downward rather than SESE was on target. This equipment operated
from left to right, and made it possible to ob- satisfactorily but was not included in any of the
serve the image from some distance either to the submarine installations subsequently made.
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9.4.2 Tests blanked out reception of the returning echoes.
However, in water less than 25 fathoms deep,

SESE Model II was installed in the control good soundings were obtained at speeds up to
room of a submarine for operational and over- 16 knots.
hearing tests. The transducer assembly, set in During tests conducted at Pearl Harbor, good
a sea chest welded to the keel, was located results were obtained over rough coral bottoms
approximately 3 ft above the keel on the port in depths as great as 80 fathoms at a surface
side. speed of 6 knots. At a 10-knot surface speed,

depths up to 50 fathoms could be measured.
The limitation with respect to speed was appar-

OVERHEARING TESTS ently due to improper fairing of the transducer.

An extensive program of overhearing tests '

were made in order to check the security of
the system. During these tests, it was found . SECURE ECHO-SOUNDING
that the maximum distance at which the opera- EQUIPMENT MODEL III
tion of SESE Model II could be detected was
as follows. Previously, only the general characteristics

1. On its operating frequency of 80 kc, a of subsequent SESE developments have been
heterodyne receiving system could not detect described. In this section, a detailed description
the 80-kc signals at ranges greater than 300 yd. will be given of SESE Model 111-3, similar to
There was no indication of the signal at any two previous Model III equipments, but pro-
range on the sonic or 24-kc supersonic bands. vided with an improved marker circuit and
These results were considered very favorable a calibration circuit.
since the self-noise of a submarine was audible
at a distance of 450 yd in the 80-kc band, 500
yd in the 24-kc band, and over 500 yd in the . Design Chaiges
sonic band. These tests were made at a 3-knot
submerged speed. The experience gained with SESE Model II

2. The submarine's type WCA-1 fathometer indicated that a number of minor modifications
was heard at a distance of 1,500 yd. At this dis- were desirable. The principal changes in Model
tance, the strength of the signals indicated that III were as follows.
it might easily have been overheard at several 1. The electronic cabinet was redesigned. The
times this range, but no tests were made at new construction provided for a cabinet' con-
ranges of greater than 1,500 yd. It was con- taining two sliding-drawer type chassis. Pro-
cluded from these tests that the use of the vision was made for operation of the chassis
secure echo-sounding equipment does not hazard when removed from the cabinet by means of
the safety of a fleet-type submarine, patch cords which were supplied with the equip-

ment.
2. The dial calibration was changed slightly

OPERATIONAL TESTS in order to indicate depth of water under the
Performance tests of SESE Model II over keel, rather than depth below the transducer,

various known bottom conditions in the vicinity as in previous models. Models I and II had been
of San Diego provided reliable soundings up to calibrated from 1 to 100 fathoms without any
100 fathoms at surface speeds as high as 12 scale overlap. Model III had essentially the
knots. On one occasion, a depth of over 300 same calibration except that a 1-fathom correc-
fathoms was measured by use of the multiple- tion for "depth under keel" was made, and the
transmission formula given in Section 9.5.4. scale was calibrated in four steps as follows:
Soundings were difficult to obtain at speeds 0 to 3.5, 3.0 to 10.5, 10 to 35, and 30 to 105.
greater than 12 knots because of turbulence in 3. The transducer was relocated. In the
the water around the transducer which often SESE Model II installation, the transducer had
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been mounted some distance above the keel in CONTROL CABINET
the center part of the submarine. At the new
location, the transducer was approximately 6 ft The upper chassis (Figure 10), referred to
above the keel line and 16 ft from the bow. As as the CRO chassis, contains the CRO, the
the location was well forward, the probability range and dial controls, and the slide rule indi-
of detecting shoaling conditions before the bow
of the boat grounded was greatly increased.
This effect was accentuated by a slight tilting of
the transducer so that it had a forward angle I
of 5 degrees. By these two devices, the sound-
ing equipment, to some extent, "anticipated"
changes in depth.

9.5.2 Details of Constructioni

The Model III SESE consists of two major
items: a control cabinet which contains all the
electronic components and the transducer as- 7R 1
sembly (Figure 9) which is mounted in the keel

FIGURE10. Upper chassis of SESE Model III.

7r cator scale. The CRO controls are located be-
hind the hinged door at the bottom of the CRO
chassis panel. In addition to the CRO and its
power supply, the multivibrator, sweep circuit,

FIGURE 9. Disassembled view of UCDWR-type
FH dual transducer assembly with two type GD16
transducers.

of the submarine. The necessary connecting
cables and loading coils constitute the balance
of the installation. It should be noted that in
two of the Model III installations, the cabinet _

was not installed in the conning tower, but was
installed in the control room. However, the FIGURE 11. Lower chassis of SESE Model III.
cabinet was designed for installation in the
conning tower and this location is believed horizontal and vertical amplifiers, trigger cir-
preferable to the control room. The equipment cuit, and marker circuit are all installed in the
is operated from the 120-v, 60-c a-c supply and CRO chassis.
requires approximately 300 w. The lower chassis (Figure 11) contains the
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oscillator, power amplifier, receiver, and the depth scale apparently moves the echo signal
regulated power supply. The latter furnishes "pip" to correspond with a "marker" signal, as
all power except that used by the CRO. The in certain types of radar equipment. Actually,
output control knob is located at the lower left this adjustment changes the interval between
of the panel, and the receiver sensitivity control transmissions or pings. Thus the ping rate is
knob is located at the lower right. Between adjusted so that the echo of one ping is received
them are located the power switch, the pilot just as the next ping is transmitted. The depth
light, and the power fuse. in fathoms is then read directly from a cali-

brated scale.
TRANSDUCER ASSEMBLY Operation is initiated by the multivibrator

which sends a pulse to the trigger circuit, which
The type FH transducer unit (Figure 9) in- in turn keys the 80-kc oscillator. The duration

cludes two identical UCDWR-type GD16 trans- of the pulse or ping is a function of the RC ele-
ducers, which are shown in Figure 7. In addi- ments in the trigger circuit. The 80-kc signal
tion to the transducers, the FH unit includes a is then amplified by the power amplifier and fed
connection box, stuffing tubes, and other acces- to the output transducer, creating an energy
sories which are required for a watertight inter- pulse in the water. This pulse is projected down-
connection system. Either of the two GD16 ward and reflected from the bottom as an echo,
transducers may be used for transmitting or which is picked up by the receiving transducer.
receiving but the forward unit is usually con- The voltage thus developed across the receiv-
nected to the transmitter. Spares are provided ing transducer is amplified by the receiver am-
in case of damage to either unit. The installa- plifier and fed to the x-axis deflecting electrodes
tion or repair of the transducer is the only of the CRO through the horizontal amplifier.
operation which involves dry-docking the boat. This places an echo signal pip on the CRO.
In order to protect the transducer connecting The sweep of the CRO is synchronized with
cables a copper-pipe conduit, capable of with- the keyed pulses initiated by the multivibrator.
standing full water pressure, is run from the For this reason, the position of both the marker
connection box at the center of the unit through and the pip appear stationary on the CRO
the inner hull of the boat. Stuffing boxes are screen. The frequency of the multivibrator is
provided to prevent water from entering either adjusted by the operator until the echo pip and
the transducers or the inner hull in the event the marker coincide on the CRO screen. Under
of damage. The transducer system is tuned to this condition, an echo is being received at the
80 kc by means of series-connected toroidal in- same instant that the next transmission is
ductors which are mounted in a junction box started. The frequency of the multivibrator is
at the point where the conduit enters the inner then an exact indication of the depth of the
hull. water, since the time between pulses is then

the time required for one pulse to be trans-
mitted to the bottom and to be returned as an

9.5.3 Operatioi echo.
The rate at which the transmitter is keyed

The principal units are shown in the block and the sweep rate of the CRO are adjustable
diagram, Figure 12. The wave forms encoun- simultaneously by means of the dial and range
tered in the various circuits are depicted within controls, which govern the frequency of the
the block-enclosed circles. The time t repre- multivibrator.
sents the period 1/f as determined by the multi- The other principal controls are the power
vibrator frequency at any particular setting of amplifier gain control (output) and the receiver-
the depth dial. All the events portrayed occur amplifier gain control (sensitivity). The output
during this time. A CRO is used to indicate both control regulates the power radiated into the
the instant of keying and of the receipt of the water, and the sensitivity control regulates the
echo. Adjustment of a pointer on a calibrated amplification of the echo signal in the receiver.
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M ULTI -VIBRATOR SWEEP CIRCUIT VERTICAL AMPLIFIER CATHODE RAY INDICATOR

TRIGGER CIRCUIT MARKER CIRCUIT HORIZONTAL AMPLIFIER

80-KC OSCILLATOR 80-KO RECEIVER

I i

80-KC POWER AMP

TRANSMITTING RECEIVING
TRANSDUCER TRANSDUCER

FIGURE 12. Block diagram of SESE Model II and Model III.

Both controls, therefore, have an effect on the the bottom and return. Thus, the dial calibra-
amplitude of the pip on the CRO screen. The tion for a depth of 10 fathoms represents a mul-
power switch is used to turn the equipment on tivibrator frequency of 40 c. Now if the dial is
and off. set up to 50 fathoms in water 100 fathoms deep,

then two pings are in transit at the same time.
The echo from the first ping will be received

9.5.4 Theoretical Limitations just as the third ping is being sent out and coin-
cidence will be observed on the CRO. Similar in-

Coincidence of echo pip with the marker may dication will occur at settings of :, 1/, and 1/
occur for other than true depth settings. All of the true depth and this is referred to as "the
that is required to establish coincidence is that multiple-transmission effect." If the deeper
a signal be sent out just as an echo is received, range scales are first investigated by the opera-
The true depth will be indicated only when the tor, and a check is always made to determine
echo from one ping is received at the exact in- the maximum depth at which coincidence can be
stant that the next ping is transmitted. Under obtained, no error will occur, because no coinci-
these conditions the period of the multivibrator dence of echo pip and marker is possible with
frequency is exactly equal to the travel time to dial settings greater than the true depth.

CONFIDENTIAL



186 SECURE ECHO-SOUNDING EQUIPMENT

MULTIPLE-TRANSMISSION EFFECT plifier in which the output of each stage is
coupled to the input of the other, thus forming

Under favorable conditions, soundings are a relaxation oscillator which functions as a
possible in water deeper than 104 fathoms. switch, causing one triode to conduct while the
Jagged rocks and coral formations are less fav- other is cut off. Then it flips over so that the
orable to deeper soundings than smooth rock conditions of cutoff and conduction are inter-
or sand bottoms. The following formula is based changed between the two halves of the tube. At
upon the multiple-transmission effect and may each flip-over, the grid of one triode is driven
be used to measure depths greater than 104 negative to cutoff. The grid condenser dis-
fathoms. charges through the grid resistor until the tri-

d,. ode is again in an amplifying condition. At this
D = dpoint, the rising potential applied to the grid is

amplified in the plate circuit and drives the

where d, equals the greatest dial reading at grid of the other triode to cutoff. The rate at

which the echo and marker will coincide and which these flip-overs occur may be controlled

d.. equals the next lower reading at which coin- by changing the RC constants of the grid-plate

cidence may be obtained.; components, or by changing the positive bias on
the grids. The use of both methods is indicated
below.

9.5.. Details of Electronic Circuits 1. The RC constants of the grid-plate circuit
of both triodes are simultaneously changed by

The electronic circuits will be described on the range control which switches different
the basis of their function as indicated on the values of condensers, C-102 and C-103, into the
block diagram, Figure 12. The schematic wiring circuit in order to give four ranges, indicated
diagram of Figure 13 will reveal the details of in Table 1.
the entire system. The relative action of the 2. The positive bias of the grids is varied by

TABLE I. Multiviblrator ct diblttiOn.

Grid condenser Capacity Frequency range Depth* in fathoms,
Range section A section B of multivibrator below transducers

A (1-102A 0.002 C-103A 0.002 400 to 114.3 1.0 to 3.5
B C-10213 0.006 C-103B 0.006 133.3 to 38.1 3.0 to 10.5
C C-102C 0.02 C-103C 0.02 40.0 to 11.4 10.0 to 35.0
D (-1021) 0.06 C-103D 0.06 12.9 to 3.8 30.0 to 105.0

*The dt th shown il the i tle t is ntt lie tatitrat in dth, whict is utniformly 1 ftt hom less tian tie valtue shown.

circuit parts with respect to time is shown in the dial potentiometer (R-101) as well as by
Figure 14. the calibration control dual potentiometer (R-

110). A calibration adjustment is provided by

MULTIVIBRATOR the potentiometer (R-102) which is in series
with the dial potentiometer (R-101). This con-

The multivibrator which is the "heart" of trol is a potentiometer with a screwdriver ad-
SESE employs a twin triode 6SL7 (V-101). It justment. The variable resistor (R-102) is used
consists of a two-stage resistance-coupled am- to adjust the calibration at the low end of the

This formula is exact when the values for D and d depth scale; the dual potentiometer (R-110) is
are measured from the transducer. The maximum error used to adjust the calibration at the high end.
introduced by the use of this formula, when the fathom The multivibrator thus produces a square
correction for height of the transducers above the keel
has been made on the scale, is of the order of 3 to 5 wave which appears at the cathodes of the A
per cent. and B sections of V-101 with a 180-degree
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FIGURE 13. Schematic wiring diagram of SESE 1V
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FIGURE 13. Schematic wiring diagram of SESE Model III.
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MULTIVIBRATOR B-SECTION
CONDUCTING. IA AT CUTOJ:T::

MULTIVIBRATOR A-SECTION
CONDUCTING

SWEEP- CIRCUIT OUTPUT

HORIZONTAL MARKER

PING INTERVAL

PING SENT OUT 1

PINGDURATION 0 0
ECHO RECEIVED 

DRTO

FIGURE 14. Sequence of circuit action with respect to time.

phase (time) difference, as shown in Figure 12. MARKER CIRCUIT
The A section excites the trigger (pulse genera-
tor) through the differentiating circuit C-109 The marker circuit is used to produce a step
and R-132. The sweep generator is initiated by on the CRO trace which indicates the instant
the B section through a similar network C-104 of the transmission of the signal. This is ac-
and R-117, thus synchronizing the sweep with complished by a circuit which forms a connect-
the multivibrator. These differentiated pulses ing link between the multivibrator and the
are shown in Figure 12. The marker step is horizontal amplifier which is feeding the CRO.
placed on the sweep trace of the CRO by feeding The output of the multivibrator, as seen at
the square wave output of the multivibrator either cathode of V-101, does not produce a
into the horizontal amplifier. This is accom- neat, square, step marker on the CRO trace.
plished by the coupling network C-108, C-119, Therefore, the voltage appearing at the B sec-
R-162, R-131. tion cathode, which is fed through condenser

As the positive pulses (half waves) from C-118, is supplemented with the voltage from
the multivibrator cathodes are 180 degrees the A section plate. This voltage, which is in
apart in phase, the sweep on the CRO has com- phase with the voltage from the B section cath-
pleted half its journey across the screen when ode, is fed through condenser C-119 and re-
the associated ping is transmitted. This coin- sistor R-162. These voltages are added and
cides with the marker in the trace which is passed through resistor R-131 to the horizontal
developed by the negative half cycle appearing amplifier. Since the horizontal gain control
at the B section of the multivibrator at the same (R-137) is in the first stage of the horizontal
instant the A section goes positive to initiate amplifier, it has no effect upon the amplitude
transmission. of the marker deflection.
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SWEEP CIRCUIT vided to regulate the gain and thus regulate
the amplitude of the sweep. This control is

The sawtooth sweep voltage is generated by marked V-AMP and is located under the door of
the action of V-102, an 884 gas tube, and is fed the CRO chassis. The output of the vertical
to theinput terminals of the vertical amplifier, amplifier is fed directly to the vertical deflection
The grid of the gas tube is connected to the plates of the CRO, a type 3FP7 tube having a
cathode resistor, R-112, from which it receives long-persistence screen.
the timing pulse. The plate and cathode of the
gas tube are connected through condenser
C-106A, C-106B, C-106C or C-120, depending TRIGGER CIRCUIT
upon the setting of the multivibrator control The trigger circuit is a flip-flop arrangement
switch, to which the condenser selector switch having one stable and one unstable limiting
is ganged. The condenser is thus charged by the condition. The twin triode, 6SN7 (V-107), is
same variable voltage supply which feeds the normally nonconducting in the A section and
grids of the multivibrator. The voltage output conducting in the B section from which the out-
of the sweep circuit, therefore, rises at linear put keying pulse is derived. The differentiated
rate as the condenser C-106 or C-120 charges, timing pulse from the A section of the multi-
until the ionization point of the gas tube is vibrator (V-101) through C-109 drives the grid
reached causing the tube to conduct. The con- of the A section of the trigger tube positive,
denser then is rapidly discharged. This gener- causing it to flip into the conducting state. The
ates the sawtooth wave which, when amplified resulting pulse from the plate of the tube cuts
by the vertical amplifier, produces the sweep de- off the B section, discharging condenser C-110,
flection voltage. C-111, or C-112, depending upon which one is in

The natural frequency of the sweep circuit the circuit. The time required for the condenser
is controlled by the sweep circuit variable in the grid circuit of the B section to discharge
plate resistor, R-115. If this resistance is too determines the length of the transmitted pulse.
low in value, the sweep condenser will charge When the charge leaks off the condenser, the B
sufficiently to cause the gas tube to fire before section again conducts which flops the A section
the keying pulse is received from the multi- back to normal, nonconducting state. The selec-
vibrator. Thus, the sweep will lose synchronism tion of condenser C-110, C-111, or C-112, is
with the multivibrator, and the marker and echo made by the range switch and, by this means,
will no longer appear stationary on the oscillo- a longer keying pulse is used with the longer
scope, but will jump about in an erratic manner. range scales. The positive keying pulse taken
If the resistance is too high, the amplitude of the from plate resistor R-136, is then fed to the
sweep will be diminished. Since the potentiome- keying tube of the 80-kc oscillator, located in the
ter should rarely require adjustment after once lower chassis. All circuits described previously
being set, it is not brought out to the front panel. have been located in the (upper) CRO chassis,

which is shown in Figure 10. The wiring dia-
gram for this chassis is shown in Figure 15.

VERTICAL AMPLIFIER The interconnection between the upper and
The vertical amplifier consists of a twin triode lower chassis are shown in Figure 16.

preamplifier and inverter (6SN7) followed by
a push-pull stage (two 6V6 beam power tubes). 80-KC OSCILLATOR
The sweep signal is fed into the A section of
V-103 (6SN7) which is connected as a d-c am- The oscillator, located in the lower chassis
plifier driving the B section. The B section acts (Figure 17), is controlled by a keying tube
as a phase inverter which drives the following V-201 which is a twin triode 6SN7, with the
push-pull stage. two sections of the tube operating in parallel.

The push-pull stage consists of V-104 and The.positive pulse from the trigger circuit,
V-105. A dual potentiometer (R-125) is pro- through the coupling condenser C-201, permits
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0 I CONNECTS TO PI'0
3 6 10 ON CRO CHASSIS
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115V AC TO TRANSMITTING TO RECEIVING
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FIGURE 16. Interconnection wiring diagram for SESE Model III.

the keying tube to conduct, and controls oscil- which are 6L6 beam power amplifiers. The
lation. amplifier is coupled to the transmission line by

The balanced oscillator (V-202) is a twin tri- means of an impedance matching transformer
ode, 6SN7. The frequency of the oscillator is (T-201). The gain of the amplifier is regulated
fixed at, or near, 80 kc by the constants of L-201 by means of a dual potentiometer (R-204) in
(which is a mid-tapped iron-core toroid) and the grid circuits of the tubes. This control,
its associated condensers, C-204 and C-205. which is one of the two principal controls, is
These elements are not provided with adjust- identified as output. The maximum output of
ments and it is necessary, therefore, to line up the amplifier is approximately 10 watts.
the receiver with the oscillator rather than to A set of toroidal matching coils, L-202A and
attempt to adjust the oscillator frequency. L-202B, are provided for balancing out the ca-

pacitance of the transducer. These coils should
POWER AMPLIFIER be located as near to the transducers as possible.

A standard Navy 20-wire junction box located
The power amplifier is of the push-pull va- in the forward torpedo room is used for this

riety consisting of two tubes, V-203 and V-204, purpose.
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TRANSMITTING AND RECEIVING in the CR0 (upper) chassis. The regulated

TRANSDUCERS power supply is located in the lower chassis.
CRO Power Supply. The CRO power supply

The transmitting and receiving transducers provides the high-voltage (2,300 v) supply for

are mounted together in a unit as shown in Fig- the operation of the CRO tube and also 6.3-

ure 9. The assembly consisting of the two and 2.5-v filament supplies. The power supply

transducers in the fabricated framework is includes the transformer (T-101) and 2X2 full-

identified as UCDWR Type FH. The trans- wave rectifier (V-111), a 1-f condenser, C-116,

ducers are identical and are designated by the as well as the usual voltage divider network.

UCDWR Type No. GD16. The construction of The voltage divider network of the CRO
one of these identical units is shown in Figure 7. power supply is provided with two adjustable

elements. Potentiometer R-151 adjusts the volt-

RECEIVER AMPLIFIER age which is applied to the grid of the cathode-
The receiver amplifier is a four-stage, high- ray tube, and thus controls the intensity of the
Then, runece amplifier T is and ur-stage electron beam. This control is identified as in-

gain, tuned amplifier. The first and third stages tniy(N. n slctdudrtedo

are resonated at 80 kc by means of slug-tuned tensity (INT.) and is located under the door

plate inductors L-203 and L-204. The first stage regulates the voltage which is applied to the

uses a 6SH7 triple-grid amplifier (V-205). The regus te othe whO, is redto the

second stage is resistance coupled. The second focus anode of the CRO, and thus regulates the

and third stages use 6SJ7 triple grid amplifiers sharpness of the CR0 trace. This control is

(V-206 and V-207). The fourth stage is a 6SJ7 identified as focus and is also located under the

(V-208) used as a cathode follower. A gain door of the CR0 chassis.

control (R-216) is located in the input circuit Regulated Power Supply. The regulated

to the third stage of the amplifier. This is one power supply provides (1) a source of regulated
of the principal SESE controls and is identified voltage for the operation of the multivibrator
of ternctivipy(al keSENS). cnrl is idtied circuits, and (2) plate and filament voltages. It
as sensitivity (marked SENS). It is located on includes the transformer (T-203), a 5U4G full-

the lower right of the lower chassis.
wave rectifier (V-209) and the associated filter
components. The transformer provides 900 v,

HORIZONTAL AMPLIFIER 6.3 v (five separate windings), and 5 v. An
The horizontal amplifier includes V-108, a electronic voltage regulator provides a regu-

twin triode 6SN7, and two 6V6 beam power lated 300-v supply for the multivibrator. The

amplifiers, V-109 and V-110. It is similar to the two 6Y6 beam power tubes (V-210 and V-211)

vertical amplifier except for the values of the are connected in parallel and act as the regu-

coupling condensers and for the control of the lator tubes. A 6SJ7, triple-grid amplifier (V-

amplifier gain. In the horizontal amplifier, a 212), in series with a gas voltage regulator

potentiometer (R-137) in the input to the grid VR-105 (V-213), acts as the control tube. The

circuit of the A section of V-108 is used to con- plate voltage for the vertical and horizontal

trol the gain. This control is identified as amplifiers and for the power amplifier is taken

H-AMP and is located on the CR0 chassis under from the 450-v unregulated section of the regu-

the door. A potentiometer (R-147), located in lated power supply. The balance of the equip-

the common cathode circuits is used to position ment operates from the 300-v regulated section

the CRO trace. This control is marked H-POS of the power supply. The output voltage is

and is also located under the door on the CRO adjusted by means of potentiometer R-235.

panel.
9.5.6 Performance

POWER SUPPLIES Three Model III equipments were installed on

Two separate power supplies are provided. submarines. Good soundings were possible

The unregulated CRO power supply is located throughout the range of the instrument at sur-
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face speeds up to 16 knots; depths up to 50 echo effect presents an advantage in that it
fathoms could be measured at top speed. Deep permits extension of useful range of the equip-
water soundings up to 300 fathoms were made ment, but it does so at the cost of a certain
by means of the multiple depth sounding tech- amount of uncertainty regarding the accuracy
niques. As a test of shallow water accuracy, of readings. In depths less than 105 fathoms,
the boat was flooded-down at the laboratory the true depth is assured by investigating the
dock until the hull touched the bottom. Under deeper ranges first; the deepest sounding pos-
these conditions, the bow-mounted transducers sible gives the correct depth. It should be
were just 6 ft above the bottom. At this point, pointed out that this technique is contrary to
the SESE dial indicated a depth of zero fathom, the doctrine established for Navy Type NM
exactly as it should. To check the security of echo-sounding gear, in which the shallowest
the system, overhearing tests were conducted depths are investigated first.
on a training boat equipped with standard
listening gear. The SESE signal could not be .. 1Possibilities for Future Investigation
detected at any time during these tests.

There are a number of possibilities which
9.6 CONCLUSIONS might be suggested as being profitable for

f uture investigation.
ACCOMPLISHMENT OF OBJECTIVE Redesign of the Transducer. A transducer

The ESEModl II isbelevedto avehaving smaller size, and at the same time

achieved the four primary objectives: accuracy,cablofhniggrtepwratihr
security, simplicity, and small size. The SESE efficiency, would permit installation on the hull

does not and was not intended to supplant the without the structural modifications necessary
hig-poere fthoete eqipentof hesub- when the present equipments are installed in

marine. However, for ranges up to the maxi- tenso ofRng.Snendrfvoal
mum calibrated depth (105 fathoms), the SESE botmsconitoneth ofnc 300e faosravle
makes use of the standard fathometer unneces- bto odtosdph f30ftoshv

sary, and has the advantage of not revealing the been measured, it might be advisable to provide
submrin's resece o a eney oserer.one or more additional range scales in order to

submaxprine prsec toan enpemy obsservers extend the usefulness of the equipment. This

definitely established the dependability and tae twould re mov n efinte nycessoiyl ofdusng
tactical value of this equipment. It has been tg si ol eoetencsiyo sn

credtedwiththesaf retrn f sumarnesthe multiple-echo formula which is a! handicap
wheihd wre fored tof opetrtn dfsbanges in extended range at the present time.

whic wee focedto perae i danerosly Redesign of Equipment. A redesign of elec-shallow waters where the use of any other avail- tric circuits and mechanical arrangement
able sounding equipments would have been a might reduce the number of tubes required, and
hazardous undertaking. could profitably separate the equipment into

LIMITATIONS two parts; one an indicator, and the other a
power unit. This would permit short power

Only -two limitations of consequence are leads to the transducers, and would also permit
known to exist: the low power and the range installation of the control and indicator unit in
calibration which does not exceed 105 fathoms. the conning tower. This is considered very im-
The power available has generally permitted portant because of the crowded conditions
soundings over the calibrated range. Greater known to exist aboard submarines.
depths can and have been measured under fav- Improved Transducer Mounting. Although
orable conditions by the use of a simple calcula- this idea might be combined with item number
tion involving any two successive readings of one, the objective is slightly different. It would
the dial. This technique involves the multiple be adVisable to provide for shifting of the beam
echo effect (see Section 9.5.4). This multiple of the transducer in order to permit a much

CONFIDENTIAL



194 SECURE ECHO-SOUNDING EQUIPMENT

greater forward angle, when desired, so that the the equipment by a direct recording system. A
equipment would be even more helpful in avoid- number of possibilities have been suggested but
ing running aground. This might be accom- were not developed. For some reasons it might
plished by means of mechanical movement of be advisable to provide a calibrated CRO with
the transducer, by electrical shifting of the an A-scan type of presentation. This would per-
beam pattern, or by providing a number of mit more rapid reading of the instrument since
transducers, each having a slightly different it would only be necessary to shift ranges and
mounting with respect to the keel line. This then read the position of the echo pip on the
later method would be most practical if smaller calibrated scale. For other reasons, it might be
transducers capable of blister mounting could advisable to eliminate the CRO and to use some
be provided, other method of indication, such as a calibrated

Improved Recording System. Operation of meter. This would involve abandonment of
the equipment would be simplified if means many of the essential features of the SESE,
could be provided for automatic operation of but such possibilities should not be overlooked.
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Chapter 10

SUBMARINE SONAR 692

692 Submarine Sonar 10.1 INTRODUCTION

The 692 submarine sonar is a multi-purpose AT THE TIME work was begun on the 692
experimental system designed for use on sub- -X sonar, the standard systems in use on
marines. Utilizing the WFA three-section crys- submarines were rather limited in scope. They
tal projector, it provides, in addition to conven- consisted for the most part of a JK-QC pro-
tional service, short pulse echo-ranging in the jector combination for listening and echo
10- to 50-kc band, and short pulse small object ranging over a fairly narrow band of frequen-
detection of underwater obstacles such as mine cies in the region of 25 kc. This was supple-
fields. Listening over the band of 200 to 60 kc, mented by the JP system which was entirely
with BDI indication for frequencies between 15 separate and covered the audible range. Later
and 60 kc, is also possible with the 692 sub- adaptations extended the JP into the supersonic
marine sonar. Additional features incorporated range. The training mechanism used with the
are maintenance of true bearing [MTB], auto- JK-QC projector did not permit the rapid scan-
matic target following [ATFI, automatic tor- ning needed to identify low intensity signals.
pedo detection, and self-noise monitoring. The The JP was trained manually and could differ-
development program had not been concluded entiate signals but required considerable physi-
at termination of NDRC support, and no tests cal effort. None of these systems employed
were made on the echo-ranging portion of the visual bearing indicators of the phase sensitive
692 submarine sonar. Preliminary operational type. The echo ranging available with the QC
tests of the listening system, however, showed projector was the standard 25-kc long pulse
good sensitivity and bearing accuracy. Develop- type used in antisubmarine work.
ment is being continued by the Bell Telephone Looking toward improved submarine sonar
Laboratories. systems, the outstanding need was for a system
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FIGURE 1. 692 submarine sonar.
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196 SUBMARINE SONAR 692

which would supply information to the sub-
marine commander operating below periscope
depth, comparable to what he can obtain with The initial requirements included continuous
his periscope. The best possible sonar will not search at speeds up to 60 rpm with an indicator,
equal the capabilities of periscope and radar. preferably not of the CRO type, rapid shifting
Low-frequency sonar may excel in range but between continuous search and hand training,
will not compare in accuracy. High-frequency the latter to be accurate within ± 0.5 degree
sonar will provide good accuracy but will fall or better, using a phase-sensitive bearing in-
short in range. Since the important factor in dicator; automatic or aided target tracking and
deep operations is security, echo ranging of any maintenance of true bearing (see Section 3.7).
kind is not the final answer. Triangulation The self-noise of the training system was to
ranging on sound bearings is a possibility, be low enough as not to affect listening. The
Sound bearing accuracy then becomes of pri- listening system had to be capable of differen-
mary importance and a requirement of _0.1 tiating between two targets of the same in-
degree is not unreasonable. This in turn im- tensity when they are 5 degrees or more apart.
poses certain requirements on the training sys- The frequency range was to be from 15 to 50
tem as well as on the projector. A complete kc with provision for listening to suitable
sonar system should also include means for bandwidths with both loudspeaker and head-
scanning mine fields, self-noise monitoring, tor- phones.
pedo detection, location of depth charges, sonic The completed system, which has been de-
depth finding, and underwater communication. livered to the U. S. Navy at New London, Con-

The equipment designated 692 submarine necticut, contains all the features outlined
sonar, from the OSRD contract number, was above. It includes a three-section projector
designed to facilitate the investigation of sonar which is a prototype of the projector used with
requirements rather than to supply a working the WFA sonar. This is one of several features
system. Its scope, therefore, is quite broad as which the two systems have in common and
regards component features, controls and ad- which were derived from the early development
justments, and its parts are not completely in- work on Contract No. 692. The indicator for
tegrated as they would be in a standard equip- the listening system displays the location of
ment.a targets by means of an azimuth circle of lights

The original project called for the develop- and has proved adequate for tracking torpedoes.
ment of a listening system" only, which was to The maintenance of true bearing feature op-
be supplemented with a standard surface-ves- erates satisfactorily either with a step-by-step
sel type of echo-ranging equipment (QJB) or synchro-type compass repeater. Either con-
operating at 24 and 50 kc. Subsequently the tinuous search listening [CSL], automatic
project was enlarged to include the develop- tracking [AUTO], or hand training [HAND]
ment of a short pulse, high peak power, echo- may be rapidly selected on one switch.
ranging equipment to operate over the range
of frequencies from 10 to 50 kc. Finally, it was
agreed to include in the echo-ranging system a SYSTEM PERFORMANCE
PPI for mine detection. Measurements of the bearing accuracy of the

" In order to include the 692 sonar system in this vol- automatic target tracking system at sea indi-
ume, it was necessary to confine this material to a gen- cated 0.15 degree standard deviation of sound
eralized description of the system, omitting actual cir- bearings with respect to the stern of a target
cuit details and operation. These generally follow com-
ponent circuits described in this volume and Division 6, ship. This means that the bearing accuracy of
Volume 14. Complete information on actual circuits and the 692 sonar will be well within the ± 0.5-
their performance under experimental conditions may degree requirement. The self-noise of the train-
be found in reference No. 1 which has been microfilmed.
" Details of listening equipment embodied in the 692 ing system is well below the lowest ambient

sonar are discussed separately in Division 6, Volume 14. noise levels at distances greater than ten yards
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from the projector. The self-noise picked up the projector. By avoiding the use of side lobe
by the projector is below the internal noise in reduction which broadens the beam, the dis-
the system except at frequencies below 1,000 c crimination at frequencies above 50 kc is suffi-
and at speeds in excess of 20 degrees per sec- cient to separate two targets of equal signal
ond. The internal noise is below the lowest strength 5 degrees apart. This was confirmed
ambient noise levels in the intermediate range experimentally.
of frequencies and only slightly above at the Although the field trials of the 692 sonar were
ends of the frequency range. The useful fre- of a limited nature, sufficient data were obtained
quencies extend from about 200 c to 60 kc, but to confirm the above statements on performance.
the band below 10 kc is used only for detection No trials were made of the short pulse echo
listening and not for bearing determination on ranging equipment except to check its opera-
account of its poor directivity. tion. It is expected that further trials will be

The ability of the system to differentiate be- made by the Navy to obtain additional informa-
tween targets depends upon the beamwidth of tion on the capabilities of the system as a whole.

CONFIDENTIAL



a the Pro e to conlponents of1 
le stg ha t and a'i btti

telisten Prjector o* Ofte 692 Sonar sadn gunbatadaS.cpbeo 
ih

jil g stack, anJeco te i Shot 
400 psi was N

ran ing stck d heshbon isoern sp c pre ssure of at

. T e e h - a n r n gP u ls e e c h e8 S p e c if y in g 
r alsn gecfi dPoe of a le of each of I chasctriagc

Ject r, ncl din 
were de-fined.echO-rngi lok diagof 't a areed thatthreuemnin -Pgure2. n Systm isranbe me, atthe imtcoul of s

?~ t e s ort P je e tart l

Tthe 
pro.

Jectol coverthe rngedircacle for

for li e 2.hprro- 
yt m i iv nt 

e t m , y e p 0 e t c ud b s
fr i l i n O arn he r g fro M 200 c to 60 kc

eg. A nd fro m 10i to 60 kc for echorang ng A s0, the nitshouldthan 36 In. high and sh u ]ltb or
case not More tha 13 od be i o e mr3In. tubing wa n. In diameter Sincth atrrequie not comnmercially avalabeethelater Ie ent was revised to 14ain.ae

Projector, 
-Onft iew ofcrystal arlra s in 692tion Projector; OnetintOnt e ' 6 92 sb a 

con isin of 
1cover the I o .frRIu ,Y range from 200 c to 15kc; a eonconisin o aModified QBFIseto

ont e ekj of a submlarine 
far Prjectoi 

andt~ ah i gh..ne ief re u n i. P oe rt o e
f'Ilee14. -fjecto to 30over

urn 14 Stck described in D vso O. width but 
frof 15 to 30 kc

fthe heigyI~ PlatefthDivsi" , 11-coerth rht Of the e fteSame
co e h ange fro m 30 to kB ,a et

freque n cy ~ u it Con sists of a line c. T e o1

CONFDETIA a ineof four dia.
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phragm-type hydrophones, each containing a peating coils for the h-f and 1-f arrays and
single block of crystals of the type used in the protective neon lamps. These are not shown in
QBF plate. These four units are mounted be- the photographs.
tween the high and intermediate frequency
sections. The high-frequency unit is mounted PROJECTOR CHARACERISTICS
at the top in order to minimize diffraction about
obstacles on the deck of the submarine. The The characteristics of the projector, to a
installed projector is shown in Figure 3. large extent, determine the capabilities of any

sonar system. No refinement of the electricalwidthias-theqo r unit s der t e b ainm- circuit can make up for deficiencies in the pro-w idth as the other units in order to obtain m ax- j c o , p ri u a l n r g r o i s i t r a
imum horizontal directivity. However, its height jector, particularly in regard to its internal
was made only one-half the width so that the noise threshold and its directivity. Frequency
vertical directivity pattern would not be too response is not basically important but may be
sharp. Too narrow a beam in the vertical plane used to calibrate the output in various listen-
would unduly restrict the area from which sig- ing bands in terms of sound pressure in the
nals could be received. Although none of the water.
units in the 22Z-1 projector was tapered in the
horizontal plane, both the h-f and i-f units were
tapered in the vertical plane to reduce the
effect of reverberation.

In addition to meeting the Navy requirements,
the design was aimed at keeping the absolute
efficiency as high as possible over the listening
range, thereby keeping the thermal noise low

with respect to ambient water noise. This is
particularly important at the higher frequen-
cies. An effort was also made to keep the phase
shift between the halves of the projector to a
minimum in order to provide good balance for
the phase sensitive detector.

CRYSTAL ARRAYS

The arrays are mounted on a steel frame
which bolts to the housing. Front and back
views of this assembly are shown in Figures 4
and 5. The high-frequency array (h-f) is at the
bottom of the photograph, the sonic or low-
frequency array (1-f) is in the center and the
intermediate-frequency (i-f) array from 10 to
30 kc is at the top. When mounted topside on a
submarine, this order is reversed and the i-f
array is at the bottom.

As shown in Figure 5, the h-f and i-f arrays
are supported at the four corners by brackets
which are mounted in a shock-insulating type
of rubber support developed for the QBF pro-
jector. The 1-f array is similarly shock mounted
to a cross member of the frame. The frame also FIGURE 5. Rear view of crystal arrays in 692
supports terminal strips, a wiring form, re- projector.
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FIGURE 6. Open circuit calibration of WFA No. 22-Z projector used as a hydrophone.

Frequency Response. The open circuit cali- Internal Noise. The internal noise spectra
bration of the projector used as a hydrophone is for the projector are shown in Figure 8. The
shown in Figure 6. This type of measurement low-frequency unit is poorest in this respect. A
is significant from a design standpoint. It higher level of internal noise can be tolerated
shows a high peak at the cutoff frequency of at the low frequency because the spectrum of
the transformer which is compensated for in ambient and self-noise rises toward the low
the amplifier input transformer. end. Furthermore the directivity becomes less

The calibration of the h-f and i-f sections of and thus a higher level of ambient noise is ac-
the projector when used to transmit sound into cepted. However, the low-frequency unit is
the water are shown in Figure 7. The h-f unit limited by internal noise wherever low ambient
is somewhat more efficient in this respect pri- and self-noise levels prevail.
marily because of a better directivity index. Directivity. The calculated directivity pat-

terns for the i-f array at 24.5 kc in both the
S160WATER TEMPERATURE * 72F horizontal and vertical planes are shown in

I'- / X 7 70 : , Figure 9A. These patterns show the effect of
__ ,____ V ' 8 the taper, which reduces the side lobes at the

>.~ ___ __F F _ 65 -.
Q Cn-- 150- 6 expense of the main lobe, which becomes larger.
0- ,, - o 60 The patterns also show that the directivity of

,4 < the individual blocks has a slight effect on the
>-: ___-55 side lobes.

R 140 4

0,000 20,000 30,000 40,000 60,000 An array with taper in the horizontal plane

FREQUENCY IN CYCLES is considered desirable from an echo ranging

FIGUR" 7. Calibration of h-f and i-f sections of standpoint as the reduced side lobes will mini-
WFA No. 22-Z projector. mize the possibility of errors due to false echoes.
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FIGURE 8. Internal noise spectra of WFA No. 22-Z projector of 692 submarine sonar.

However, when listening with a phase-actuated The 1-f array in the 22Z-1 projector has rela-
locator (BDI) (see Section 5.2.2) such an array tively low directivity because of dimensional
is not so desirable from an interference stand- restrictions. It is essentially nondirective in a
point as a linear array. This is shown by the vertical plane and its measured directivity in a
curves in Figure 10 where the bearing error horizontal plane for 2.2, 6, 9, and 15 kc is
in degrees is plotted against angular separation shown in Figure 13. It will be observed that at
between the target and an interfering signal 2.2 kc there is practically no directivity and at
of equal intensity for both tapered and linear 15 kc there is only moderate directivity. On
arrays. It can be seen that the bearing error account of its poor directivity this array is used
when using a tapered array is greater than for listening only and no attempt is made to
that for a linear array when the angular separa- use the phase-actuated locator with it because
tion between target and interference is between of the inability to distinguish among sound
9.5 and 17.5 degrees, sources.

The measured directivity patterns of the i-f
array in the horizontal plane at 12, 18, 24, 30,
and 36 kc are given in Figures 9B, 9C, 9D, 9E, 10.2.2 Projector Training Systeni
and 9F, respectively. With the exception of the
pattern for 36 kc these curves show increase in The methods employed in training the pro-
directivity with frequency which is in agree- jector have a direct bearing on the performance
ment with the computed variation of directivity of the entire sonar system. To provide the
index shown with frequency in Figure 11. The bearing accuracy and speed range sought for
measured pattern at 24 kc, Figure 9D, compares in this training system it was necessary to
favorably with the calculated pattern in Fig- employ methods other than those used in ex-
ure 9A for 24.5 kc. The pattern at 36 ke is isting sonar systems to meet the more stringent
typical of what happens to the directivity out- requirements discussed below.
side of the useful range where the response
falls off and the phase conditions over the face PERFORMANCE REQUIREMENTS
of the projector begin to vary.

The calculated horizontal and vertical direc- Several requirements were initially empha-
tivity patterns at 49 kc for the h-f array are sized. First it was considered desirable to be
shown in Figure 12A. The measured horizontal able to align positively the acoustic axis of the
directivity patterns for this array at 30, 40, 50, projector within plus and minus 0.1 degree of
60, and 80 kc are shown in Figures 12B-F. any bearing desired. For following targets, a
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tensity.

smooth continuous shaft speed range adjust- be expected to reduce the mechanical vibration

ment was sought from about 0.1 degree per transmitted to the training shaft or to the

second for slow ships at long ranges, to about ship's hull. Another characteristic of the train-

4 degrees per second for fast ships at close ing system that was necessary to consider at the

ranges. Higher shaft speeds up to about 30 outset was its adaptability to some form of

degrees per second were considered necessary automatic target tracking arrangement.

for quickly slewing from one bearing position
to another and a single high speed of about 360 o
degrees per second was needed for continuous a OW FREQUENCY

search. This wide range of shaft speed had to o -10 -I T

be accomplished without discontinuity, except a IN IATE
between the slewing and search speeds, by a z -20 FREDIT

mechanism that could be controlled from a re- -
_ _3HIGH FREQUENCY UNIT

mote position and which would neither intro- 0 -30

duce noise into the listening system nor radiate 5 0.2 I 2 3 5 7 10 20 30 50 70 100

sufficient sound into the water to endanger the FREQUENCY IN KO

security of the ship. The noise problem was FIGURE 11. Computed variation of directivity in-

considered of prime importance and much at- dex with frequency for the WFA No. 22-Z projec-

tention was given to design features that would tor.
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FIGURE 12. Directivity patterns for h-f unit of WFA No. 22-Z: A. Calculated vertical and horizontal pat-
terns at 49 kc. B-F. Measured horizontal patterns at several frequencies.
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SPEED CONTROL SYSTEM which the training shaft can be passed. The
worm shaft is carried by ball bearings in an

After considering many possible arrange- eccentric bushing to permit a close and precise
ments to cover the wide speed range, such as adjustment of the mesh between the worm and
systems with two or three motors, magnetic and gear. Both worm gears and their mating gears
indexing clutches for selecting different gear were specially cut to order with the highest
ratios, mechanisms outside the hull sealed in precision equipment available, and the whole
oil, and differential and planetary gear systems, gear system enclosed in an oil-filled housing.
a drive system was evolved of attractive me- To attenuate any residual gear and bearing
chanical simplicity operating through the hull noise that might be transmitted to the training
with one motor. This design was made possible shaft, a special flexible coupling was designed
by a wide range motor speed control system for use between the gear hub and the training
using mercury contact relays. shaft. This type of coupling introduces a high

compliance to all translational forces between
TRAINING MECHANISM the gear box and the training shaft and thereby

In order to couple the motor to the training attenuates noise vibrations having translational
shaft it was necessary to design and build a motions. However for torsional motions this
mechanism assembly with a suitable speed re- coupling is very rigid. Measurements were

ducing gear and to provide a take-off drive for made which showed the torsional displacement
the coarse and fine synchro generators used for to be considerably less than 0.1 degree when
remote bearing indication. The problems in- transmitting a full load torque of about 30
volved were unusual because of the high ac- ft-lb.
curacy of training sought, the wide range of The drive motor is, in reality, two separate
speed required, the probability of bearing and motors in one housing, as may be seen in the
gear noise particularly at the search speed, and schematic, Figure 14. These have two separate
the necessity of avoiding resonances and exces- dipole fields with their pole axes at 90 degrees
sive displacements in the supporting members. to reduce intercoupling and two separate arma-
Flexible supports are necessary to isolate the tures and commutators, one for low-speed oper-
training shaft from undesirable vibrations but ation and the other for high-speed operation or
excessive displacements in these suspensions back-emf generation. Both armatures have
would affect the positional accuracy of the winding slots spiralled by one slot in pitch to
training mechanism. Furthermore the suspen- reduce cogging. The brushes and holding frame
sions and shaft couplings are important ele- were designed to give quiet operation and good
ments in the feedback loop of any automatic commutation for either direction of armature
target tracking system working through the rotation.
mechanism; therefore they were designed with
mechanical impedance characteristics to keep
to a minimum any phase or amplitude effects at lo.2.3 Short Pulse Echo-Ranging and
frequencies below 10 or 15 c. Mine Detection System

The gear system for coupling the drive motor
to the training shaft required features that The short pulse echo-ranging equipment of
were not obtainable in commercial gear boxes. the 692 sonar is designed to furnish range in-
The training accuracy desired for the system formation with a maximum of security. Because
required that backlash and run-out errors in of its lack of tonal quality, the short pulse has a
the gears be less than 0.1 degree, which is very poor listening differential and when used
better than could be assured by any commercial sparingly it should be practically detection
supplier. Also, it was particularly important proof. In addition to its use for target ranging,
that gear noise be very low. the 692 sonar is equipped to furnish naviga-

The gear system designed and built consists tional assistance by plotting underwater ob-
of two worm gears mounted on a hub through structions such as mines on a repeated pulse
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FIGUR E 14. Schematic of training control circuit, 692 submarine sonar.

basis. The 692 sonar permits a wide selection cut off and becomes conducting under control of
of frequency bands which greatly reduces the the pulse length circuit, relay control circuit,
range over which the pulses can be detected by and start key.
the enemy unless his sonar system is capable When the switching stage is conducting it
of receiving such frequencies and is tuned to the drives the two-stage push-pull power amplifier.
particular frequency in use at the time. This is During the nontransmit period, the last stages
particularly useful in exploring mine fields are cut off by high negative bias on the grids.
where low powered pulsing is used. This is reduced to normal class B bias when the

The echo-ranging unit of the 692 sonar equip- pulse length control operates. The low-impe-
ment, shown in the block diagram of Figure 2. dance output is connected to the projector by
consists of a power amplifier, signal generator, the T relay which operates before the pulse is
detector, and indicator unit with the necessary sent out under control of the relay control cir-
power supplies. For single pulse echo ranging, cuit. The receiving circuit is opened at this
low power is used; for continuous pulsing for time by the R relay. For test purposes a 40-db
detection of underwater obstacles, a low signal pad serves as a load.
level is used so as to decrease the range of pos- The receiving circuit consists of three stages
sible detection. of reverb eration-contro lied gain [RCG] (see

The signal for a pulse is obtained from a sig- Section 2.5). This amplified signal is fed to a
nal generator. A fixed oscillator (203 kc) is balanced modulator where the input signal is
modulated with the signal from a variable oscil- modulated with the variable oscillator fre-
lator (149-193 kc) to give a continuously van- quency from the signal generator. The output
able output from 10 to 60 kc. This signal is (203 kc) is further amplified in a two-stage
coupled to a push-pull stage. For an amplitude- tuned amplifier. The output is detected either
modulated [AM] signal, this stage is used as by FM or AM to give a 1,000-c signal. This
the modulator and is supplied with 1,000-c mod- signal is amplified in a cathode follower and
ulating frequency from a separate oscillator. then is filtered in a 800- to 1,200-c band-pass
For frequency modulation, [FM], the 1,000-c filter. The 1,000-c signal is then further ampli-
oscillator varies the frequency of the 203-kc fled in two stages.
through a reactance tube. The signals received are used to control the

The output of the modulator stage is fed to spot on an oscilloscope tube either as a PPI plot
the switching stage. This stage is normally or on a spiral sweep. The spiral is used for
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single pulses to give a clear range indication by a plug at the lower right. The power input to
brightening the spot and by displacing it mo- this supply passes through the toggle switch in
mentarily toward the center. The indicator the terminal box. A loudspeaker is in the center
panel contains a rotating radial sweep circuit on top of the stack.
controlled by a synchro motor. On spiral sweep A Sangamo range recorder is mounted above
this motor is driven from a synchro generator the stack. It has been stripped of its plotter
on the power panel; for PPI the synchro motor and fire control mechanism and its circuit has
is connected to the training mechanism syn- been modified. The record consists of a short
chros and a stepping circuit is used to train the trace on each ping whose distance from the
projector in discrete steps at each of which a edge of the chart is proportional to range. This
pulse is sent out and received. The received recorder was also used as a bearing indicator by
echo is rectified on the indicator panel and the supplying it with the output of either the sum
output is used to brighten the spot of the scope or difference channel through an auxiliary am-
by modifying the cathode potential. Because of plifier. For this use the recorder scale was
the retentivity of the CRO screen, it will show based on a search rate of 30 rpm. The travel
the location of all reflecting surfaces within of the stylus then corresponded to the change
sound range. This feature was included pri- of bearing of the projector over 300 degrees of
marily for mine detection, arc forward. While the projector is passing

The switching unit is used to transfer the through the after 60 degrees, the stylus re-
projector leads from the listening equipment to turns to the starting point. This method of
the echo-ranging equipment. Either short pulse recording bearing was found very useful in
or conventional echo-ranging equipment may be tracking torpedoes. The toggle switch mounted
selected for comparison purposes. The func- to the left of the recorder makes the selection
tions of this switch would be incorporated in between range and bearing indication.
the automatic control equipment in a final de-
sign. Such a design, providing for combined
listening and echo ranging in one system in- 10.3 CONCLUSIONS
stead of two essentially independent systems,
would also combine many of the features of the
amplifier detector and indicator of the echo- The 692 submarine sonar, as an experimental
ranging equipment with similar facilities in the system, has been found of value in determining
listening equipment. the feasibility of features considered as re-

quirements for the ultimate submarine sonar.
In general, it can be considered that the 692

10.2.4 QBF Type Echo-Ranging System sonar has come through the development stage

and is now ready for a Navy experimental pro-
The QBF equipment used for conventional gram which will properly evaluate its capabili-

echo ranging as installed on a submarine in- ties. Some of the features, particularly those
cludes two cabinets in the stack, the lower one involving projector training and listening, have
containing the driver, and the upper one con- been studied by engineers in the field. The short
taining the receiver. For use with the 692 sonar, pulse echo-ranging and mine detection equip-
a modification has been made to include a high- ment has not as yet been put aboard a ship.
frequency pulse (50 kc) as well as the standard Design tests indicate, however, that the short
25-kc pulse. This is selected by means of the pulse echo-ranging equipment will deliver an
toggle switches on the driver panel marked HI adequate signal and will accept and display
and LO and also by a switch in the terminal box whatever echoes are returned. However, the
to the left on top of the stack. An external adequacy of its performance can be evaluated
power supply is connected to the driver through only at sea.
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Chapter 11

THE CONTOUR BOTTOM SCANNER

Contour Bottom Scanner

The contour bottom scanner (Figure 1) is an
experimental, low-power, echo-sounding scan- 0
ning device undertaken by UCDWR to provide .
a rapid means of conducting hydrographic sur-
veys necessary for amphibious landings and op- .
erations. The equipment operates at 116 kc and -

scans through an angle of 65 degrees either side
of the vertical. The maximum slant range is
100 ft which, at a 50-ft depth, permits a strip
approximately 175 ft wide to be surveyed. The
equipment operates so as to "draw" a cross sec-
tion of the bottom contour on the face of a FIGURE 1. Contour bottom scanner.
cathode-ray oscilloscope [CRO] tube in the fa-
miliar plan position indicator [PPI] presenta- UCDWR. Tests were made which demonstrated
tion although in this case the plane represented that the system could be used. However, it was
is vertical rather than horizontal. A survey felt that a less complicated pinging system
speed of from 6 to 30 knots can be used, depend- would be equally satisfactory.
ing upon the CRO screen definition required. The system which was visualized was one in

which extremely short pulses of supersonic
energy would be projected toward the bottom

111 INTRODUCTION and the reflected energy received in the same
Rochelle salt transducer. Provision would beM ANY OF THE amphibious and landing oper- made to mount the transducer so as to scan a

ations conducted in the Pacific during strip of bottom at right angles to the survey
World War II were in areas which, because of ship's path. Rapid graphic plotting of the re-
the lack of commercial activity in normal times, sults was to be accomplished by the use of a
were inadequately surveyed. As a result itwas cathode-ray oscilloscope.
necessary to make complete hydrographic sur- A preliminary development model embody-
veys of advanced areas before they could be ing these principles was built which operated at
used for ships bringing in men and supplies. 86 kc. It was designed to survey a channel up
The wire-drag method commonly used in mak- to 50 ft in depth. The CRO indicator system
ing these surveys was unwieldy and tedious in provided a vertical PPI contour plot of the
its operation. The contour bottom scanner was bottom area being scanned.
developed to provide an accurate, rapid, acous- Following successful tests on the develop-
tical surveying method to supplement or replace ment model, a lightweight portable model oper-
the time-consuming wire-drag method. ating at 116 kc from a 12-v d-c vibrator power

A study of the problem indicated that the supply was designed for use by small survey
most feasible method was one in which means craft.
were provided to scan a band or ribbon of the This portable model was not completed in
ocean bottom at right angles to the path of the time for use in the Pacific campaign, but was
survey ship. Consideration was first given to later used extensively in making hydrographic
the Model I FM sonar system' developed by surveys.
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11.2 Ethan 360 degrees as mentioned above. This per-

mits a maximum scanning speed of 36 sweeps

11.2.1 Desigii Coiisideratiois per minute.
Survey Speed. It has been indicated that the

Depth Calibration. The fundamental design area scanned in one full sweep (from right to

requirement was fixed by the Hydrographic left, or left to right) is 13 ft wide at the narrow-

Office request that the equipment be provided to est point (in the direction of travel) and about

survey a channel of the order of 50-ft depth. It 175 ft long at right angles to the ship's course.
was decided to rotate the transducer through a If the maximum sweep rate is to be 36 sweeps
total angle of approximately 120 degrees (60 per minute, the fastest forward speed that will

degrees either side of vertical). At a depth of give full coverage of the bottom is 9.8 ft per
50 ft, the 120 degrees scanning angle provides second. This is approximately 6 knots. A speed

for coverage of a strip approximately 175 ft of 30 knots can be used if a 15-degree separa-
wide at the bottom, and in this case the "slant tion of echo traces on the CR0 screen is ac-
range" varies from 50 to 100 ft. This estab- ceptable.
lishes the requirement for a maximum slant It should be noted that the foregoing discus-
range of 100 ft which is provided by a pinging sion is based upon the limiting condition of a
rate of 24 per second. 50-ft bottom. For depths appreciably less than

Scanning Speed. A consideration of the this amount, slower scanning speeds and slower
geometry of the problem indicates that a trans- survey speeds are necessary in order to compen-
ducer beam having a width of 15 degrees will sate for the reduction in the effective area of
cover the minimum area when the transducer the transducer beam with a decrease in depth.
beam is vertical. At a depth of 50 ft, this area Conclusions. For a 50-ft depth of water, a
will be 13 ft wide at the bottom. For design scanning rate of 180 sweeps per minute provides
purposes, the effective area of the transducer full coverage of the bottom. A survey speed of
beam, within the 6-db down points, has been 30 knots may be used under these conditions
considered a square having 13-ft sides. Since and this scanning speed provides echo traces
the beamwidth is 15 degrees, a minimum of 8 which are spaced 15 degrees apart on the indi-
pings per 120 degrees sweep will cover the cator. If a spacing of 3 degrees between echoes
bottom without overlap, regardless of depth. is required on the indicator, the scanning speed
Therefore, at least 8 pings per sweep must be must be reduced to 36 sweeps per minute. In
made. The pinging rate has been fixed at 24 order to operate at this scanning speed, the
per second by the 100-ft slant range require- ship's survey speed must be limited to 6 knots.
ment. and therefore, the maximum scanning Because of the many uncertainties in connec-
rate is 24 pings per second times 15 degrees tion with the use to which the bottom scanning
per ping, or 360 degrees per second. Since each equipment might be put, all equipments con-
sweep is approximately 120 degrees, 3 sweeps structed were provided with a variable speed
per second, or 180 sweeps per minute, is the drive in the scanning mechanism so that a large
maximum sweep rate which will give full coy- variation in scanning speeds was possible. The
erage of the bottom. various scanning speeds used in the tests of the

Indicator Definition. Although the transducer equipment are indicated in the discussion of
beam is 15 degrees wide, and for this reason each test.
complete "coverage" of the bottom is possible
with echoes which are spaced 15 degrees apart 11.3 PORTABLE MODEL BOTTOM
on the screen of the indicator, it was believed SCANNER
advisable to limit the scanning speed so as to
have not more than 3 degrees between adjacent 11.3.1 Overside Assembly
echoes, in order to give a more detailed picture
of the bottom contours. This limits the scanning The overside assembly was designed for light
speed to 24 X 3 or 72 degrees per second, rather weight and portability and was streamlined to
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cut down water resistance and turbulance divided near the center. The front end contains
around the face of the transducer when under the scanning drive mechanism and is fastened
way. to a flange at the lower end of the column; the

FIGURE 3. Overside column in retracted position
mounted on MV Torqa.

Figure 2 shows the overside assembly and
Figure 3 shows the column mounted on the
MV Torqua. It can be seen by examining the
photograph that the portable overside column

FIGURE 4. Scanning motor assembly with cover
removed.

other end forms the housing for the transducer
and is supported by a shaft from the front hous-
ing. The column is held in brackets that slide in
tracks mounted on the bow so as to enable rais-
ing of the column when not in use.

FIGURE 3. Overside column in retracted position
mounted on MV Torqua.

FIGURE 5. Streamlined housing assembly.
consists of a length of 4-in. streamline steel
Shelby tubing with a drum at the top and a The drum at the top is a waterproof housing
streamline housing at the bottom. The stream- containing the scanning motor assembly, which
line housing is made of /1AG-in. Inconel and is consists of a 12-v d-c motor arranged to drive
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212 TIlE CONTOUR BOTTOM SCANNER

a vertical shaft by means of a rack and pinion
drive gear. Figure 4 shows the top assembly
and shows the mechanism which translates ro-

FIGURE 7. Indicator removed from the electronic
stack.

tating motion from the motor into oscillating
motion for the transducer drive shaft. The rack
and pinion oscillate the drive shaft through a
sweep of 130 degrees.

At the bottom of the vertical drive shaft
a universal joint contained in the forward
streamline housing connects the vertical drive
shaft to the horizontal transducer drive shaft.

The transducer is enclosed in the rear stream-
line housing which is 5 in. in diameter and 71/2
in. long. This housing is made to oscillate

FIGURE 6. Electronic stack including indicator, through 130 degrees so that the transducer,
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FIGURE 8. Simplified block diagram of contour bottom scanner.

CONFIDENTIAL



TRANSMITTER

--0 -coC103

.00002 *0

220 7

.7 12SN7 I

Viol 3
67 6 10

RI 03 Ll ORCIVE

.47MM 
IO

0

R11 CI O~ 9O R'19 R121

.0 IES*004 *.IMEG 56 H -.- ' -

RI2002050 LI02

V103 Clo IUEG Uc5f 2222

X104 e50 175
4 7 5V 0 4--5 15 V 1 5V 1

2 

6

1I E 2 g2
0113 RIM .0VE

L-------------------------------

F RECEIVER
Z* 101 z-102

12SH7 GREEN r LCdGREEN SA il

6 So.00003 R129 S 125H7 C 0I 5'- 03
1 1 4 R 2 2 3 0 I.D

.001 47000 4  16- 005 N0~_

5IS R l123 C12B a A21130{6J 1000E 2s R11,00 -3:6,00 a

COFIENIA



IS-101 -- - 8 I is9 t-\ J10
CAP CAP 2 6I -- F0 9

-z 7.~8 1 1 1100
IiI

4 8- I I~ . I I IJ4-

VIO2 0 . - -O0A Z IAXIS

LIO~ 
2___ ~ OASYNCH

56 j

2050 '02~

xis 175 22W 22

150V 15V jPU

420 8 7 02

SYNCH TO SCOPE ~ -

Z-1109
~edGREEN r - - 6OT~

R129 8 126147 X10 ai~.oo 5470 XI.=0 V0 -

0I ~0E 22PO

ff 
R

1 07 
[MEG9 472 

RR1404.,008 
T '4 

R135 

V100
5 R130 10011 

30
[7-------- -L---------------------------------------------------------

A Xm 9.Tasitr n eevrwiigdarm

00 ONF.1 ENTI.00
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facing downward, scans 65 degrees each side line can be seen to sweep back and forth across
of vertical. Figure 5 shows the streamline the lower part of the screen between limits of
transducer housing. 65 degrees each side of center. The bottom con-

The sweep speed is controlled by adjusting tour line will appear on the screen between
a potentiometer connected in the armature cir- these two radial limits at a position depending
cuit of the drive motor. By this method the on the depth.
sweep speed may be adjusted to exact speed
necessary for full coverage at any forward
speed. 11.3.4 Theory of Operation

The theory of operation can best be under-
11.3.2 Electronic System stood by reference to the block diagram, Figure

8, and to the schematic wiring diagram for

The electronic system is housed in a compact each unit.

double drawer cabinet 20 in. high, 10 in. wide,
and 20 in. deep. Figure 6 is a photograph of the TRANSMITTER

stack showing the indicator chassis in the top
drawer and the chassis containing the transmit- The transmitter consists of five tubes; two

ter and receiver in the bottom drawer. 12SN7's, two 2050's, and an 815. One 2050 tube

The master switch and the receiver gain con- establishes the pulse rate and triggers a 12SN7

trol are located at the bottom of the lower panel. which limits the pulse length and causes the

The intensity, sweep amplitude, focus, and the second 2050 tube to conduct. The second 2050

vertical positioning and horizontal positioning keys the final amplifier which is driven by the

controls of the indicator are at the upper right second 12SN7 operating as an oscillator. Figure

side of the cabinet under a small door as shown 9 is a schematic of the transmitter and receiver.

in Figure 6. The threshold control is located Pulse Rate Oscillator. The pulse rate oscil-

at the lower left of the screen, and a pilot light lator employs a type 2050 gas tetrode (V-103)

is located at the lower right. The CRO chassis in a relaxation oscillator circuit. This oscillator

is shown in Figure 7. The screen of the CRO is establishes the pulse rate and controls the trig-

covered with a Lucite window 6 in. in diameter ger circuit through a pulse-shaping differentiat-

held in place over the face of the tube. The ing network (C-108 and R-115). The output of

markings on this screen represent a cross sec- V-103 is I negative sawtooth wave which is

tion of the sky and sea, the water line being at generated by the charging and discharging of

the diameter. These markings are made for the condenser C-107.
purpose of enabling immediate identification by C-107 is charged through resistors R-113 and
the observer. The lower half of the screen is R-114 and as the charge increases, the cathode-
marked with horizontal and vertical grid lines to-grid voltage on V-103 decreases. When the
at distances representing 20 ft, the full scale cathode is depressed to the grid potential, V-
being 100 ft. These lines enable measurement 103 conducts and .discharges C-107. This cycla
at a glance of the depth at different points along is repeated at a rate dependent upon the adjust-
the bottom contour. ment of the 1-megohm potentiometer (R-114)

which controls the charging rate on C-107. Tha
sawtooth voltage appearing at the cathode of
V-103 is fed to the indicator for synchronizing

11.3.3 Screen Representation purposes and is also fed to the trigger circuit.
The Trigger Circuit. Pulses from the pulse

The sweep starts at the center of the screen and rate oscillator are fed through a differentiating
the maximum sweep amplitude reaches the edge circuit to the input of the trigger circuit which
of the screen; this distance represents 100 ft. employs V-104, a twin triode 12SN7. The dif-
With the threshold control full "on" the radial ferentiating circuit (C-108 and R-115) changes
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214 'TIE CONTOUR BOTTOM SCANNER

the sawtooth voltage wave into a succession of
sharp positive pulses which are impressed on the
grid of the first half of V-104. The time con- The receiver is mounted on the same chassis
stants of C-109 and R-117, which connect the with the transmitter. The circuit for the re-
plate of the first section to the grid of the sec- ceiver is shown in Figure 9. The receiver con-
ond section, control the trigger circuit and es- sists of four stages: two tuned band-pass stages
tablish the pulse length at approximately 1 msec. and one untuned stage followed by the detector.
This pulse is fed through the coupling conden- The input to the receiver is bridged across
ser, C-110 to the keying circuit. the primary of the transformer T-101 which

Keying Circuit. The keying circuit employs couples the output of the transducer to the re-
V-105, a 2050 gas tetrode in a modified relaxa- ceiver. It will be noted that the transmitted

SYNC SIGNAL TRIGGER LIMITER N
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POSITrIVE
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REAR WEE AMLFE NDICATOR APLIFIER G ENERATAR
I/2 SF 0254 V107 V109 YOA I/2OAF A204

TRANSDACER

FIGURE 10. Block diagram of radial sweep circuit and CR0 indicator.

tion oscillator circuit. The keying tetrode is signals appear directly across the transformer
connected so as to complete the cathode circuit terminals.
of V-102, which is the power amplifier. The The grid resistors R-122, R-129, and R-136
plate voltage of V-lO5 is applied through R-121 provide protection to each stage against over-
and the plate circuit, which includes C-ill, is loading from the transmitted pulse. This is ac-
so arranged that conduction of V-105, which is complished by the high negative bias produced
initiated by the pulses from V-104, is termi- by the voltage drop across the grid resistors.
nated at the end of each pulse with the assistance The RC constants throughout the receiver are
of the discharge of C-l10. Upon firing of V-105, established so as to provide quick recovery.
the cathode of V-102 is brought to ground po- The two pentode (12SH7) amplifiers (V-106
tential thus removing the high negative bias and V-107) are coupled through a 116-kc band-
and permitting V-102 to function as an ampli- pass filter (Z-101) ; and a similar filter (Z-102)
ier. The voltage drop across V-lO5 provides the couples V-107 to V-108 which is a 12SJ7 pen-
necessary bias for operation of V-102 as a class tode amplifier. R-135 is the gain control and
AB, power amplifier, regulates the input level to V-lO8 which is in
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turn resistance-coupled to the detector (V-109) its plate and regenerative feedback coils make
which is in twin diode 6H6. The negative half up the primary of the step-up high-voltage
of the signal pulses are rectified by the second transformer. The output of the secondary is
half of the tube and develop a voltage across rectified by V-212, an 8016 diode, and the 4,000
the integrating circuit consisting of R-141 and v is fed to the anode of the CRO (V-209).
C-128. The constants of this circuit are selected The indicator includes a trigger circuit, a
so as to match the pulse length of 1 msec. The limiter, a cathode follower, and four sweep cir-
positive half of the pulses are rectified by the cuits. The trigger circuit, which includes V-201
first half of V-109. This serves to complete the (a 12SN7), initiates the charging of the four
diode detection circuit, sawtooth generator condensers, C-203, C-204,

C-205, and C-206. It receives its synchronizing

INDICATOR pulses from the pulse rate oscillator in the
transmitter (V-103) and triggers the start of

The indicator contains a CRO tube and its the sawtooth through V-202. The first half of
usual controls (position, intensity, focus, and V-202 (a 12SN7) is connected as a biased diode
sweep amplitude) and also the operating con- and is used as a limiter. The second half is used

as a cathode follower to couple the pulses to the
sawtooth generator clamp circuits.

The sawtooth generators are two 12H6 twin

FIGURE 13. Disassembled view of transducer por-
tion of streamlined housing.

diodes (V-203 and V-204). The positive pulse,

limited and controlled by V-202, drives all four

FIGURE 12. ER2-Z transducer with cover removed, plates of the diodes positive. This clamps the
voltage applied to the four sawtooth generator

trols of the system (the threshold control, and condensers. The grid potential on each of the
the master switch). The indicator unit also con- four 6L6 sweep amplifiers (V-205, V-206, V-
tains its own high-voltage power supply, the 207, and V-208) is controlled by the sweep gen-
necessary radial sweep circuits and z-axis ampli- erator condensers through the resistors R-207,
fier for obtaining indication corresponding to R-208, R-209, or R-210. Since there is a low
the contour of the bottom. The operation of impedance between the cathode and plate when
the indicator is shown in the block diagram, the plate is positive, the four diode cathodes will
Figure 10, and the circuit is shown in Fig- be brought up to the same reference potential
ure 11. as the plates by the pulse. At the end of the

The cathode-ray tube (V-209) used is a 7BP7, pulse, the diode plates are driven negative, al-
a 7-in. tube with a long-persistence screen. The lowing the condensers in the cathode circuits to
high voltage is supplied by an r-f oscillator, a discharge through the circuit including the re-
12A6 tube (V-211), in conjunction with a high- sistor in the cathode circuit and the entire sine
voltage step-up transformer L-203. The r-f potentiometer network. Since the sine poten-
oscillator operates at a frequency of 200 kc and tiometer network is energized through the
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FIGURE 14. ER2-Z transducer characteristics.
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218 TIlE CONTOUR BOTTOM SCANNER

sweep amplitude resistor R-233, the condensers in the plate circuits of the sweep amplifier tubes.
will each discharge to a definite voltage de- The angular position of the transducer is thus
pending both upon the total voltage impressed resolved by the sine potentiometer into rec-
upon the sine potentiometer network and also tangular components, and these components are

then used to control the direction of the outward
sweep of the spot.

The four deflection coil drivers have large
cathode resistors to increase their stability.
Centering of the pattern is accomplished by the
potentiometer R-220 connected between the
screens of the vertical pair of the driver tubes
and by another potentiometer R-221 connected
between the screens of the horizontal pair. The
tap connections of the two potentiometers re-
turn to the plate supply voltage.

The z-axis amplifier consists of a triode (the
first half of V-210) which is a 6SN7 twin triode.
The triode operates without bias, since the in-
coming signal from the receiver consists of
negative pulses. The output of this triode is
capacity coupled to the grid of the CRO tube

FIGURE 15. Fhotograph of indicator traces, through C-208. The grid of the CRO tube is
shunted by a diode limiter (the second half of

upon the orientation of the sine potentiometer V-210 connected as a diode). The diode limits
brushes. Thus the four condensers will discharge the maximum voltage which can be applied to
at rates proportional to the sine, minus sine, the grid of the CRO. The intensity control
cosine, and minus cosine of the sine potentiom- R-229 establishes the cathode potential of the

diode and thus regulates its action as a limiter.
The threshold control R-228 establishes the nor-
mal bias on the CRO tube and thus regulates the
zero signal intensity of the CRO spot.

VIBRATOR POWER SUPPLY

The power supply consists essentially of a
Rauland-type V13K, ten-contact vibrator with
its associated power transformer, rectifier
tubes, filter circuits, and the added features of
a delay tube and a safety tube.

The supply draws 23 amperes from a source
consisting of two 6-v heavy-duty storage bat-
teries in series and supplies 400 v at 200 mils
and 300 v at 75 mils with approximately 67
per cent efficiency. It is of conventional design

FIGURE 16. Photograph of indicator traces, and therefore is not described in detail here.

eter orientation. The grids of the four sweep TRANSDUCER
amplifier tubes follow the condenser discharge
rates and thus produce the radial sweep impulses The transducer, UCDWR Type EP-2Z, which
in the CRO deflection coils which are connected is shown in detail in Figure 12, is made of ADP
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crystals and operates at 116 kc. It consists of purpose of comparison in screen definition.
a spaced array of 110 ADP crystals each The width of the bottom trace appearing on
0.5 x 0.470 x 0.088 in. The crystals are cemented the screen is primarily dependent upon the ping
to the plane (inside) surface of the pc rub- length and the character of the bottom. How-
ber window. The crystals are connected in
parallel with 1/ 2 -in. spacing between crystals.
The array is approximately 33/4 in. in diameter.
The pc rubber window is bonded by a special
bonding process to the inside surface of a 1/-in.
stainless steel case 4 in. in diameter and 31/L in.
high which is then installed in the transducer
streamline assembly, shown in Figure 13. On
completion, two perforated Vinylite containers
filled with silica gel were installed around the
crystal array to keep the transducer free from
moisture. Figure 14 shows the performance
characteristics of the transducer.

1.3.5 Test Results

Several tests were made with the portable FICURE 17. Photograph of indicator traces.
model aboard the MV Torqua and various
bottom contours appearing on the indicator ever, it is modified by other factors such as
screen were photographed. In San Diego Har- angle of reflection and beamwidth, which ac-
bor, the bottom contour around Ballast Point counts for the change in trace width as the
was photographed showing the steep incline sweep extends to either side.
near the shore. Around the sea side of Point
Loma, a run was made through the kelp beds
showing bunches of kelp in the water and long
lengths of it growing up off the bottom from 30
to 40 ft high. A run was also made along each
side of the submarine canyon near La Jolla
showing the various inclines and ledges along
the canyon walls. Still another run was made in
shallow water over the rocky bottom in La Jolla
cove.

Photographs that are representative of those
taken during the above runs are presented in
Figures 15 to 18. In these photographs, the
scale is such that the distance from the center
to the outside edge of the screen represents
100 ft. The horizontal and vertical lines are
marked in feet and are spaced apart a distance
representing 20 ft. FIGURE 18. Photograph of indicator traces.

A scanning speed of approximately 15 sweeps
per minute was used to insure good definition Figure 15 is a photograph taken during the
during most of the runs pictured. One picture is run in San Diego Harbor around Ballast Point
shown of bottom contours with a sweep speed showing a sharp incline to the right from 50
of approximately 45 sweeps per minute for the up to 25 feet.
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Figure 16 is a photograph taken during the factory, and rapid accurate data were secured
run through the kelp beds on the se a side of concerning the shoals and other obstructions
Point Loma. The bottom at this location is which had been located by the wire-drag method.
about 50 ft deep with a 10-ft incline to the left. It should be noted that the low forward speed
The photograph shows lengths of kelp growing and comparatively narrow widths of bottom coy-
up from the bottom 30 and 40 ft high. Figure ered are important limitations and must be con-
17 is a picture taken in La Jolla cove in shallow sidered in attempting to use the bottom scanner
water 30 ft deep where the area is known to be in competition with the wire-drag method.
rocky. A 20-ft pinnacle appears at a distance
20 ft to the lef t.

Figure 18 is a photograph taken at the fast 11. PROPOSED DEVELOPMENT WORK
sweep speed of Ii sec per sweep, and shows
the bottom at a 30-ft depth with some kelp 20 ft 11.4.1 Inivestigation of FM Sonar System
below the ship. The screen definition in this
photograph is not nearly so good as that of the During the early part of bottom scanner de-
other photo taken at the 4-sec sweep rate; how- velopment some investigation was made 'of FM
ever, the definition is adequate for determining sonar system as applied to this field. It was
bottom contour and the height of any pinnacles, intended at the time to carry along this work

in parallel with the more portable pinging sys-
tem. However, because of the possibility of

11.3.6 Conclusions using the portable system in reconnaissance
work for amphibious warfare, it commanded

Tests made with the portable model have the greater priority and required all available
shown that it is capable of producing a cross- man-hours so the FM sonar investigation was

sectional picture of the bottom within a slant temporarily shelved for the duration of the war.
range of 100 ft with an accuracy of approxi- Now that hostilities have ceased and the de-

mately 2 per cent. The successful operation of sirability of a portable system is not so pressing,

this system at the higher frequency of 116 kc continuance of the FM sonar investigation is
permitted the use of a smaller transducer, thus highly desirable. For a lightweight portable
requiring only a lightweight supporting column bottom scanner the pinging system would be

and scanning mechanism. The electronic stack hard to surpass; however, without the need for
is also lightweight, and since both the scanning portability, a successful application of FM sonar

column and electronic system are operated with system to bottom scanning should be the real
power from two 6-v storage batteries, the com- answer to a universal bottom scanner because
plete system is readily portable and may be used it does not have the screen definition limitation
on small vessels, of the pinging system and it has the further

The horizontal and vertical 20-ft divisions on advantage of simplicity in changing ranges.
the screen make it possible to read directly on
the screen the position and size of any pinnacle
or change in contour of the bottom. 11.4.2 Roll Correctioni

The contour bottom scanner, together with
a suitable hydrographic surveying technique, The use of the bottom scanner in the "Cross-
may possibly take the place of the wire drag roads" operation emphasized the need for auxil-

method. This belief is substantiated by the re- iary equipment to provide the proper correc-
sults of tests which were conducted under the tion for the effect of rolling of the survey vessel
auspices of the Navy Electronics Laboratory in in heavy weather.
connection with the "Crossroads" project. Dur- A number of possibilities suggest themselves.
ing these tests, which were made in April 1946, The simplest device might consist of a roll in-
the bottom scanner was used to complement the dicator mounted on the face of the CR0 and
wire-drag method. The tests were very satis- giving continuous indication of the attitude of

CONFIDENTIAL



PROPOSED DEVELOPMENT WORK 221

the survey vessel. The level indicator which ship's attitudd, or the calibrated screen on the
was developed by Columbia University for use face of the CRO might be moved to correct for
with the Mark 10 (A/S) Projector in the form the survey vessel's position. More elaborate
of an arc-shaped glass bubble tube might serve schemes in which a suitable gyro-vertical is used
very satisfactorily.2 If more accurate indica- to correct the sine potential indication, or to
tions are required, the use of an airplane-type stabilize mechanically the transducer by a
vertical gyro suggests itself. This gyroscope superimposed rotation to correct for roll, are
might be used only to give indication of survey other possibilities.
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ACG. Automatic control of gain. EDI. Echo doppler indicator.

ADE. Audible doppler enhancer. ERB. Echo ranging booster, combining ODN, RCG,

ADP. Ammonium dihydrogen phosphate, crystal hav- RSF.

ing marked piezoelectric properties. E/R RATIO. Echo-to-reverberation ratio.

AFC. Automatic frequency control. FAIRLIE. H. M. Anti-Submarine Experimental Estab-

A/S. Antisubmarine. lishment, Fairlie, Scotland.

A SCOPE, A SCAN. A CRO-indicator depicting echo in- FM SONAR. Scanning-type sonar of UCDWR design

tensities by vertical deflections, and ranges by the using a continuous frequency-modulated transmission

position of these deflections on the horizontal trace. signal.

ASDIC. British echo-ranging equipment. Letters derived HUSL. Harvard Underwater Sound Laboratory.

from "Anti-Submarine Development Investigating HYDROPHONE. An underwater microphone.
Committee."

HYDROPHONE EFFECT [HE]. Target noise as heard
ATF. Automatic target follower, with a hydrophone.

ATT. Automatic target training. MAGNETOSTRICTION EFFECT. A phenomenon exhibited

AVC. Automatic volume control. by certain metals, particularly nickel and its alloys,

AVS. Anchored vessel screening. which change in length when magnetized, or (Villari
effect) when magnetized and then mechanically dis-

BDI. Bearing deviation indicator. torted, undergo a corresponding change in magneti-

BFO. Beat frequency oscillator. zation.

BTL. Bell telephone laboratories. MATD. Mine and torpedo detection.

CAVITATION. The formation of vapor or gas cavities in MTB. Maintenance of true bearing.
water, caused by sharp reductions in local pressure.

NLL. New London Laboratory.
CHEMICAL RECORDER. An indicator which records range

on chemically treated paper. ODN. Own-doppler nullifier. -

CRL. Compensation for range loss. PAL. Phase-actuated locator.

CRO. Cathode-ray oscilloscope. PIEzOELECTRIC EFFECT. Phenomenon exhibited by cer-
tain crystals in which mechanical compression pro-CT. Control transformer in synehro system. duces a potential difference between opposite crystal

CUDWR. Columbia University Division of War Re- faces, or an applied electric field produces correspond-
search, ing changes in dimensions.

CUT-ONs. Method of bearing determination from ini- PING. Acoustic pulse signal projected by echo-ranging
tial and final echoes obtained as echo-ranging beam transducer.
is swept across the target. Pip. Echo trace on indicator screen.

DCG. Doppler controlled gain. PPI. Plan position indicator.

DG. Differential generator in synchro system. PROJECTOR. An underwater acoustic transmitter.

DIRECTIVITY INDEX. A measure of the directional prop- QC. Standard Navy searchlight-type echo-ranging
erties of a transducer. It is the ratio, in decibels, of equipment using magnetostriction transducers.
the average intensity, or response, over the whole
sphere surrounding the projector, or hydrophone, to QH. Navy designation for CR scanning sonar (origi-
the intensity, or response, on the acoustic axis. nally applied to HUSL designs) employing magneto-

EAR. Electronic aural responder. striction transducers.

Electronic automatic search. QL, QLA. Navy designation for FM sonar of UCDWR
EAS. Edesign.

ECHO REPEATER. Artificial target, used in sonar cali- RANGE RATE. Rate of change of range between own
bration and training, which returns a synthetic echo ship and target.
by receiving, amplifying, and retransmitting an inci-
dent ping. RCA. Radio Corporation of America.
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RCG. Reverberation-controlled gain. SSI. Sector scan indicator.

REVERBERATION. Sound scattered diffusely toward the SUPERSONIC FREQUENCIES. Range of frequencies higher
source, principally from the surface or bottom and than sonic. Sometimes referred to as ultrasonic to
from small scattering sources in the medium such asbubbles of air and suspended solid matter. " avoid confusion with the use of supersonic to denote

higher-than-sound velocities.
Ipc-RUBBER. A rubber compound with the same pc (den-

sity X velocity of sound) product as water. TCG. Time controlled gain.

RLI. Right-left indicator. TDI. Target doppler indicator.

ROCHELIE S..\L'. Potassium sodium tartrate (KNaCi-
H.iO;. 4H.,O) piezoelectric crystal used in sonar trans- TRAIN. To rotate the transducer in a given direction

ducers. about its axis.

RSF. Reverberation suppression filter. TRANSDUCER. Any device for converting energy from

SCANNING SONAR. Echo-ranging system in which the one form to another (electrical, mechanical, or
ping is transmitted simultaneously throughout the acoustic). In sonar, usually combines the functions
entire angle to be searched and a rapidly rotating of a hydrophone and a projector.
narrow beam scans for the returning echo.

SEARCHLIC.IT-TYPE SONAR. Echo-ranging system in TVG. Time-varied gain.

which the same narrow beam pattern is used for TVL. Time variation of loss.
transmission and reception.

SESE. Secure echo-sounding equipment. UCDWR. University of California Division of War

SLC. Simultaneous lobe comparison. Research.

SOD. Small object detector. USDAR. Underwater sound detection and ranging.

SONAR. Generic term applied to methods or apparatus VBI. Vector bearing indicator.
that use SOund for NAvigation and Ranging.

SOUND CHANNEL. Rare condition, occurring when a WHITE NOISE. A uniform continuous noise spectrum.
negative velocity gradient overlies a positive velocity
gradient in the water, whereupon the sound energy XQHA. Navy designation for development model of
is confined between horizontal planes and thus may azimuth scanning system employing the capacity
be transmitted over very long ranges. commutator rotation principle.
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ADE (audible doppler enhancer), 77-82 of AVS equipment, 128-130 sum-and-difference BDI, 103-105

circuits, 78-82 of echo-ranging receiving racks, 119 target range by BDI triangulation,

recommendations for future develop- of electronic aural responder, 64 107

ment, 82 AVS (anchored vessel screen), 124-139 testing equipment, 108

requirements, 77-78 BTL versus HUSL models, 124 BDI, operation principles, 83-88
square law feature, 81 design considerations, 131-132 amplitude of received echo, 86

AGC (automatic gain control), 16-17 recommendations for future develop- component p'arts, 88
advantages, 16-17 ment, 13) difference curves, 86-87
compared with RCG, 17 AVS Mark I; 132-133 lag circuit, 87

shallow water performance, 8 AVS Mark II; 133-139 lag line, 86-88

time delay circuit, 17 audio listening system, 138-139 lagging the output, 84-85
Amplitude modulation, effect on echo- console, 134 lobe patterns and reception, 84-86

ranging transmission, 144 electronic circuits, 135-138 phase shift, 86-88

Anchored vessel protection general description, 133-134 sensitivity differences, 86-87
see AVS (anchored vessel screen) performance tests, 139 summary, 83

Asdics, British small object detectors, projector, 134-135 BDI, recommendations for future

153-156 recommendations for future develop- development, 108-114
ATT (automatic target training), 19-30 meat, 139 alternate BDI circuits, 111-113

BDI information, 20 AVS Mark III; 125-131 amplifiers with pilot signal control,
final model, 29-30 dipole theory, 125-126 111

motor control system, 21 hydrophone unit, 127-128 automatic oscillator tracking, 101)
output applied to projector training, projector unit, 126-127 brightening, 108-109

22-25 transducer, 126-128 double pinging, 113-114
performance, 29 ANS Mark III, electronic equipment, projector testing, 108-10)
range gate, 20-21 128-131 proportional deflection BDT, 114

recommendations for future develop- oscilloscope, 131 push-pull deflection amplifier, 109-

ment, 30 performance, 131 111
summary, 19-20, 29-30 phase detector and filter, 130-131 BDI, summary, 114-1,16

ATT (automatic target training), cir- receiver, 128-131 comparison of BDI with cut-ons, 115

cuits, 25-29 recommendations for future develop- deflection and echo strength, 115-116

azinmth training circuit, 28 ment, 131 dependence of BDI on operator skill
circuit principles, 25 test set, 128 115

marking circuit, 28-29 timing circuit, 128 doctrine proposals summarized, 116

motor control circuits, 25-28 transmitter, 128 performance evaluation, 114-116
range gate circuit, 28 BDT, systems compared, 88-96

Audible doppler enhancer, 77-82 BDI (bearing deviation indicator), common procedures, 94-95

circuits, 78-82 83-116 HUSL Model X-3; 88-89
recommend.ations for future develop- ATT (automatic target training) use, HUSL ModeloX-4; 90-91

ment, 82 20
requirements, 77-78 circuit analysis, 99-100 HUSL undesignated system, 92-94

square law feature, 81 comparison rectifier, 100 PAL (phase-actuated locator) of

Auditory phenomena in signal recog- depth determination, 107 BTL, 94

nition, 62 dopplerized BDI, 106-107 summary, 95-96
Automatic projector training systems, echo-ranging receiving equipment, VBI (vector bearing indicator) of

19-40 120-121 RCA, 91

ATT (automatic target training), experimentation, )8 BDI Model X's

19-30 integrated sonar, 107-108 X-1 Model, 98

EAS (electronic automatic search), methods of indication, 105-106 X-3 Model, 88-89, 99

38-40 phase-shifting circuit, 96-98 X-4 Model, 9)0-91, 100-103

MTB (maintenance of true bearing), scanning system, applied to BDI, X-4D Model, 103

31-37 107 BFO (beat-frequency oscillator)

AVC (automatic volume control) sound recorder traces, 115-116 ODN (own-doppler nullifier) use,
characteristics of RCG, 13-14 split projectors, 108 42-43
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SESE utilization, 177 recomi-endations for future develop- Echo-ranging performance aids, 4-7
British Asdics, 153-156 mnent, 61 automatic gain control, 5
llrook s-Sebring discriminator, 49-50 Depth determination bearing dleviation indlicator, 4-5
BTL (Bell Telephone Ladborntories) BDI~ (bearing dJevriationl in(licator), dlepth dletermination, 7

anchored vessel screen, 124 107 doppler effect, 5
a 1ii~itory plieiioliella investigations, contouri bottom scanner*, 210 echo indicators, 5-6

62 fathomecter, 7 maintenance of true bearing, (6
Idiase-actuated locator, 131) systemi, three-dimensional navigaion, 7 mechanical featunes, 6

94 Detection range, echo-ranging vs direct range recorder, 121

listening methods, 3 receiver bandwidth, 4-5
Cathode-ray oscilloscope Differential syncino generator, 33 transducer directivity, 4

ser CRO (cathode-ray oscilloscope) Dirct-listening systemis, 1 Echo-ranging receiving racks, 117-123
Chend calI sound ra nge iccori Icr, 6 1)ople efet, ltlmio 1c2baring dleviation indication, 120-121
Coastal surveying by ecln)-rangiiig audbl utplizenaions, 41-82 dlesign considerations, 117-118

methodi s, 7 adib(oppler rlenlginc, 7-82 Marik I rack, 118-Ill)
Con ning tower install atinns ecdoppler ndicainr, 7-63 Mark 11 rack, 119-123

see SEA)iii(it) eeco-ond electronic aural respondler, 62-66 MTB system, 119-120
equiment geeraldesripton,5, 7-75oscilloscope presentation, 121

Contour bottoii scanner, 209-221 gen-dialer itin, ,4-575 panel illumination, 122-123
conclusions, 220 on-dple uliie,425 production modeols, 123
depth calibiration, 210 reeleration suppression filters, 66- rnercodr 2
design considerations, 210 70 rumanerecr, 121

FMsonar use , 220 target (lo1)ller indicator, 69)-74 tsm a, 1173
iiidicator (definitioni, 210 time variation of gain, 121-122
poitale miodlel, 210-220 EARl (electronic aural responder), 62- Echo-ranging vs listening methods, 2-3
roll correctioni, 220 66 maximum (detection range, 3
scaning sp~eedl, 210 automatic gates, 64-65 range and bearing, 2
screen rep~resenitationi, 213 AVC systems, 64 search operations, 2
survey sp~eedl, 210 circuit, 63-64 ship security, 2-3
test results, 219l-220 conclusions, 65 Echio-reverberation (E/R) ratio, 141-

Contour bottom) scanner, comnpoiients, cut-off characteristics, rectifiers, 64 142
210-219 11111man1 ear's ability to distinguish Echo-sounding equiplment

electronic system, 213 signal from nmoise, 62 sec SESE (secure echo-souimdiiig
inidicator, 216-218 short, weak pulse detection, 62 equipment)
overside assembly, 210-214 EAS (electronic automatic search), EI)I (echo doppler indicator), 74-77
receiver, 214-216 38-40 amp~lifier unit, 76
transdbucer, 218-219) circuit, 38-40 criticism, 77
traiismnitter, 213-214 controls, 40 function, 74
vibrator power supply, 218 installation, 40 indicator unit, 76-77

CRL, (compensation for rlnge loss), keying circuit, 39-40 operation, 74-75
144 p)erformnce, 40 power supply, 76

CRtO (cath odle-ray oscil loscope) pulsing circuit, 39 Electrochemically sensitized paper,
as SES1E indicator, ] 77 Summ) Iary, il) range recording use, 121
bearing rep~eater, WCA-2; 147 training circuit, 39 Electronic aural responder
brightening system, WVCA-2; 147 Echo indicators, 5-6 see EAR (electronic aural responder)
coiitrol cabinet, S1'81', 183-184 cathiode-ray oscilloscope, 6 Electronic automatic search
deflectioii system, WCA-2; 147 chiemical sound range ecorder, 6 see EAS (electronic automatic search)

('lctoiiciil]rovi~imsSEE,18(1- p~lan position indicators, 6 ERB3 (echo-ranging booster)
181 simultaneous sight and hearing de- circuit analysis, 48

mine :i ii torpedo detection uisc, 144 tection , 6 11CG application, 14-15
po-wer sup]ply, SES1E Model 111; 192 -water-borne sound transformed iiito

'Cuit-oii imethiodl', tairget bea1ring dle- airborne sounid, 5 Fatbomneter
termination, 83 Echo ranging, 1-7 commercial usc, 7

coastal surveying, 7 compared with SESE p)erforma~nce',
])CG (dloppler-controlled gain), 56-63 dlifference curves, simiultaneous lobe 193

Oi)N circuit installation, 57-58 comiparison, 86-87 FM sonar, application to contour hot-
()1N-DCG combiination, 54-55 functional operation, 1-2 tomn scanner, 220
perfurinaice, '55i mine (detection, 7 Foster-Seeley frequency discriminator,
piiles l' of 01 eration , 57-58 oceanograpic factors, 3-4 48-49
QOII eq1uipnit, 58-61l radiatioii quality, maval ves'sels, 1 Freqluency multiplication circuits, 82
range recorder, 60-61 submarine detection, 1 Frequency shift due to (hoppler, 74-75
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Gain compensating circuits, 8-18 MTB (maintenance of true bearing), comparison with other BDI systems,
automatic gain control, 16-17 31-37 95

reverberation effects, 8 control transformer, 33 echo-ranging disadvantage, 95

reverberation-controlled gain, 12-16 conversion kits, 35-37 voltage systems, 94

time-varied gain, 8-12 description, 31 Panoramic recorder, permanent PPI,
GD 16 transducer, 179-180 echo-ranging receiving equipment 154-156

use, 119-120 Phase shift, simultaneous lobe com-

ItUSL (Harvard Underwater Sound Models 1 to 5B, 31-35 parison, 86-88

Laboratory) performance, 37 Phase-shifting circuits, BDI, 96-98

anchored vessel screen, 124 summary, 6, 19 constant-phase-shift networks, 96-97

tine-varied gain, 9 constant-resistance circuit, 97-98

HJUSL undesignated B1I) system, 92- Object locator, regenerative, 175-178 Pinging echo-ranging equipment, 154-

95 Oceanographic factors in echo ranging, 156
comparison with other BDI systems, 3-4 Projector training mechanisms, 19-40

95 application to engineering design, 4 ATT (automatic target training), 19-
disadvantages, 95 reflection of sound, 4 30
phase shift, 93 refraction of sound, 4 EAS (electronic automatic search),
true center bearing, 94 sound energy characteristics, 3 38-40
voltages, 92-94 transmission losses, 3 MTB (maintenance of true bearing),

HUSL X-3 BDI system, 88-89 ODN (own-doppler nullifier), 42-57 31-37
amplifier operation, 89 automatic frequency control, 43, Proportional deflection BDI, proposed
comparison with other BDI systems, 45-48 development, 114

95 BFO (beat-frequency oscillator), 42- Pulse length
disadvantages, 95-96 43 echo level, 141-142
voltages, 88-89 ODN in ERB unit, 48 effect on reverberation level, 141-142

HUSL X-4 BDI system ODN Models I and II; 45-48 effects of decreasing length, 143-144
advantage, 95-96 ODN-DCG combination, 54-55 Push-pull deflection amplifier, proposed
comparison with other BDI systems, purpose, 42 development, 109-111

95 recommendations for future develop- Push-pull oscillator, 181
description, 90-91 ment, 55
disadvantages, 95-96 relay circuits, 53

Hydrographic surveying relayless ODN, 53-54 QBF type echo-ranging system, 208
see Contour bottom scanner sequence control circuits, 53-54 QCL gear equipped with TVG, 10-11

speed adjustment problems, 43-44 QGB equipment, 58-61

Illumination of echo-ranging equip- summary, 42-43 DCG enhancement, 60
ment, 122-123 transmitted frequency, 42 doppler threshold adjustment, 58

transmitter, 43-44 false doppler filters, 59-60

Lobe patterns, simultaneous lobe corn- ODN circuit constants, 48-53 gain control amplifier, 58-59

parison, 85-86 Brooks-Sebring discriminator, 49-50 limiter amplifier, 58
filter constants, 50-51

Maintenance of true hearing Foster-Seeley frequency discrimina-

see MTB (mnintenance of true bear- tor, 48-49 Radiation characteristics of naval
see frequency control tube circuits, 51-53 vessels, 1
ing) frequency correction, 51 Range detection, dependence on sound

Mine and torpedo detectors, 143-151 sampling time, 53 energy characteristics, 3
amplitude modulation, 144 ODN computed-correction models, 42- Range determination, echo-ranging vs
cathode-ray oscilloscope, 144 44 listening methods, 2

noise response, 15 0 receiver applications, 44 RC time constant, TVG operation, 9

uilse length, 149-150 RSF-ODN combination, 67 RCA vector bearing indicator, 169

range loss compensation, 144 summary, 42-43 RCG (reverberation-controlled gain),scannge rossacomeni, 14 transmitter application, 43-44 12-16
scanning rate, 149-150 Operator efficiency improvements 12-1
search range, 144-145 see Gain compensating circuits AVC characteristic-, 13
security tests, 150 Oscillator' tracking, proposed1 auto- AV chrteiis,1

simultaneous aural and visual de- matic tracking, 109 circuit, 12-13
tection, 151 Ois ic tra tin, 10n compared with ACG, 17

submarine tests, 151 Oscilloscopic presentation, echo-rang- control voltage, 14

variability of reception, 151 ing equipment, 121 diode charging of control condenser,
WCA-2 equipment, 145-149 13-14

Mine detection sonar PAL (phase actuated locator), BDI optinum time constants, 14
see Submarine sonar 692 system, 94-95 performance, 16-17
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Recommendations for future develop)- shallow water sounding devices, 175 echlo-rcverbcration (E/R) ratio,
merit small size, 176 141-1 42

Ai)E (audible (loppler enhancer), 82 submairine installation, 175-176 electrical characteri stics, 142
ATT (automatic target training), 30 SESE Model 1, 178-180 indication methods, 142
AVS Mark 11; 139) operation, 178-179 mine and torpedlo detection, 143-1,51
AVS Mark 111; 131 performane, 180 Model 1 (500), 159
BI)I (bearing deviation indicators), security, 180 Model 11 (501), 159-160

108-114 transducers, 179-180 pulse length, 141-142
contour bottom scanner, 220 SESE Model 11, 180-182 transmission frequency selection,
l)CO (doppler-controlled gain), 61 electronic design illroven'-lents, 180- 120-121
EAR (electronic aural responder), 65 181 IJCDWR small object (detector,
ODN (own-doppler nullifier), 55 mechanical (design imlprovemients, 153-167
RSF (reverberation su ippressi oil fil- 181 IJ8DAR (underwater sound~ detec-

ter), 68-69 operational tests, 182 tion and ranging), 168-174
SESE recording 'Systemn and t-:1118- overhearing tests, 182 SOD 24-kc model, 156-159

(licels, 193-194 remnote indicator, 181 receiver, 158
TJSDAII (underwater sound detec- SESE Model 111, 182-194 plresentation, 158

tion 1101 ranging), 174 control cabinet, 183-184 transducer, 156
Reflection of sound at sea, 4 dial calibration, 182-183 transmitter, 156-157
Refraction of sound at sea, 4 electronic cab~inet, 182 SOD 90-ke model, 160-167
Regenerative object locator, SESE mnultiple-transmission effect, 186 powe ifl water, 166

forerunner, 175-178 op~eration, 184-185 p~resentation, 163
Reebeaio erformfance, 192-103 1)11150 length, 166detection role, 143 thleoretical limitations, 185-186 receiver, 161-163

factors (determoining reverberation transduicer, 183-184, 192 transducer, 161, 166
natulre, 8 ~S1S Model Ill, electronic circuits, transmitter, 161.

level, pu111e length function, 141-142 186-192 Sonar doppler applications, 41-82
pitchl, 8 80-ke oscillator, 189-190 audible doppler enhaneri (ADE),
nandloll nIature, 143 horizontal amplifier, 1 92 77-82

Reverberation b)last redluction mnarker circuit, 1 87 (lolpller-eontrol led gain (DCC), 56-
see Gaili comnpenlsatintg eirluli ts niultivi brator, 186-1 87 63

seeIIC (rvebe aincl t roled amnphf-ier, 1 90 echo doppler indi cator (EDI) , 74-77
vl)0Ver supp~llies, 192 electronic aural responder (EAR),gain) recei vol amplifier, 192 62-66

RSF (reverbera tiOnl suppiression filters), sweep circuit, 189 ownv-(lolpler. nullifiers (ODN), 42-57
66-70 transmitting and receivinig tramis- reverberation suppression filters
cofluederrci~lODN, 07 (lucers, 192 (RSF), 66-70

electronic O1)N, 67-68 trigger circuit, 189) target (lo1)ller indicator (TDI), 69-
op)eration, 66-67 vertical amplifier, 189 74
ItCG applicationi, 14-15 Shallow water echlo ranging, AGC vs Sonar for mine dletection
reComfllfel)ldations for future (levelop]- 1ZCG, 1 6-17seSumrnsoa69

inn,6-9Shatllow wtrsounding (devices Sound in the sea
Sangaun rag eodr qi- See SESI' (secure e"cho-sounding' energy characteristics, 3

nielang 20o8le equeqil- (lipmnlt) reflection,4

Selsyn tra ininlg systemi, ATT, 23-24 Ship security, echio-rallgin g vs direct refraction, 4
SESI' (secure cello-sollllllig eqil- listening methods, 2-3 transmission losses, 3

inellt), 175-194 Signal - to - noise ratio, improvement water-borne transformedl into nil-
accuracy, 176 wNith (directional transducer, 4 borne, 5
adlvantages an~d limitations, 193 SIP (siln-ultaneouis 101)e comnparison), Sounding equipment for shallo ,wate
dlesign simuplicity, 176 84-88 see SESE (secure echo-sounding
gated acoustic feedback system, amnplifier circuit, 120-121 equipment)

177-1 78 difference curves, 86-87 Suhmarine
gated water-noise system, 177-178, lagging of p)rojector output, 84-85 direct listening mnethods readlily em-

181 p~hase shift, 86-88 ployed, 2
local oscillator system, 177 sensitivity differenices, 86-87 radiation qualities, 1
recommlendations, future (develop)- shifted lobe Patterns, 85-86 self noise, 2

niont, 103-194 SOD (small ohject (detectors), 140-174 Submarine sonar 692; 195-208
regenerative object locator, SESE Asdics, British dletectors, 153-156 completed system, 196-197

forerunner, 175-176 dlesign consideratiomns, 140-142, 154- conclusions, 208
security, 176 156 echo-ranging equipment, 206-208
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history of project, 195-196 Temperature gradient of sea, effect on British Asdics studied, 153-156
initial requirements, 196 transmission, 4 design fundamentals, 154-156
QBF type echo-ranging system, 208 Three-dimensional navigation, 7 Model I (500) SOD, 159
sound hearing accuracy, 196 Thyratron controlled training, ATT, Model 11 (501) SOD, 159-160

Submarine sonar 692, projector, 198- 22 24-kc models, 156-159
206 Time-varied gain 90-ke model, 160-167

crystal arrays, 199 see TVG (time-varied gain) Ultraviolet illumination, echo-ranging
design requirements, 198-199 Torpedo detection equipment, 122-123
directivity, 200-201 see Mine and torpedo detectors USDAR (underwater sound detection
frequency response, 200 Training of projector, 19-40 and ranging), 168-174
internal noise, 200 ATT (automatic target training), calibration, 172
performance requirements, training 19-30 electrical description, 171-172

system, 201-203 EAS (electronic automatic search), model on 250-kc, 169
projector training system, 201-206 38-40 model on 500-kc, 169
speed control, training system, 206 MTB (maintenance of true bearing), model on 1,000-ke, 169
training mechanism, 206 31-37 operational principal, 169-171

Submarine sounding equipment Transducer directivity, 4 performance figures, 173-174
see SESE (secure echo-sounding Transducer training corrections, 6 recommendations for future develop-

equipment) Transducers, shipboard problems, 6 ment, 174
Sum-and-difference BDI, 103-105 Transmission San Diego models, 169-170
Supersonic frequency, transducer attenuation loss, 3

operation at, 4 frequency selection dependence on VBI (vector bearing indicator), RCA-
Surveying, hydrographic design considerations, 142 BDI system

see Contour botton scanner multiple paths causing standing comparison with other BDI systems,
waves, 143-144 95

Target reflection loss, 4 disadvantages, 95-96
hearing, determined by cut-on refraction loss, 4 voltage circuits, 91

method, 83 True bearing maintenance Vessels at anchor, protection
echo distinguished from reverbera- see MTB (maintenance of true see AVS (anchored vessel screen)

tion, 8 bearing) Visual aids, echo indication, 6
range by BDI triangulation, 107 TVG (time-varied gain), 8-12
range recording equipment, 121 applications, 10-11 Water temperature changes, trans-
shapes determine pulse length, 141- compared with PCG, 11-12 mission loss factor, 4

142 control method, 10 Waterproof headphones for use in surf,
Target hearing determination grid injection of voltage, 10 169

see BDI (hearing deviation indicator) manual gain control, 10 WCA-1 fathometer, 182
Target training equipment performance, 11-12 WCA-2 mine and torpedo detectors,

see ATT (automatic target training) QCL gear applications, 10-11 145-149
TDI (target doppler indicator), 69-74 RC time constant, 9 cycling switch, 148

conclusion, 72-74 summary, 9 modifications for torpedo detection,
historical background, 69-70 voltage source, 10 148-149
performance, 70 WEA-1 gear applications, 11 PPI, 147
recommendations for future develop- TVI, (time-variation of loss), AVS receiving circuits, 146-147

mnent, 72-74 equipment, 128-130 transmitting circuit, 145-146
TDI Model 1; 70 WEA-1 gear, equipped with TVG, 11
TDI-CRO model, 70-72 UCDWR small object detectors, 153-

"Teledeltos," chemical paper, 154-156 167 Zig-zag indicator, BDI, 105
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