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\ ABSTRACT

A study was made of air-sea radio rescue beacon systemp’ which arr,
being used by the U, S. Navy, Emphasis was upon examination of the "practical‘
aspects of these systems and their utilization. Included as parts of the study

were:
1, Theoretical prediction of detection range of radio beacons,
2, Beacon antenna pattern studies,
3. Analyses and tests of beacons and aircraft equipments,
4, Flight tests,
5. Interviews with Navy and civilian personnel who have knowl-

edge relating to these beacons, and
6. A study of documents and reports.

In this report, conclusions drawn froJ the study are listed, and
recommendations are made regarding ways in which these systems might be made
more effective,

£ T e W e S s O

The study reported in this document was accomplished under Navy
Prime Contract NOw 62-0604-c, Task Z-9. Work accomplished by Keltec Industries,
Inc. and Astro Communication Laboratory under subcontract to The Applied Physics
Laboratory was performed under APL/JHU Contract Number 230631, dated 10 December
1965.

——

1 Work accomplished during the period between apptoximately 1 September
1965 and 30 June 1966 is reported,
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1. INTRODUCTION

This study relates to problems involved in locating - as expedi-
tiously as possible - small emergency radio transmitters, These transmitters are
carried by aviators on their person, in personnel survival kits, and in survival
kits or rafts designed for use by several persons., A typical beacon of this type
is shown in Figures l-1 and 1-2, This type of beacon is now being used by Navy
aircrewmen in Viet Nam,

In this report, unless specified otherwise, the terms beacon and
radio beacon are used interchangeably for all of the devices of this general type.
Some have only the beacon capability, Others have a transceiver capability in ad-
dition to the beacon, The terms beacon or radio beacon are not used, however, for
devices which can be used only as transceivers.

Of this general category of beacon, emphasis was placed in this study
upon the small, personal-equipment beacons, Tests were run on PRC-49, PRC-49B,
URC-10, RT-10, PRT-3, and PRC-32 beacons.

1.1 Background

This study was made for the Airborne Equipment Division of the Bureau
of Naval Weapons, naw the Crew Systems Division of the Naval Air Systems Command,
This group hasresponsibility for the development and utilization of protective and
survival equipment used by Navy aircrewmen., The Crew Systems Division initiated the
study because of an increasing consciousness of the need for one device to replace
several items of survival equipment which Navy aircrewmen now carry. The radio
rescue beacon would appear to be & likely candidate for this application, The ad-
vent of effective and reliable radio beacons might make it possible for aircrewmen
to discard the whistles, flashing strobe lights, flare guns, flares, and dye markers
which they now carry in addition to the radio rescue beacons.

The disadvantages of carrying so many individual items of survival
equipment extend beyond the obvious problems of cost, inconvenience and logistics;
there is increasing evidence that loading imposed by these and other devices which
aircrewmen have attached to them sometimes causes injury when men are subjected to
the high "g" forces which are incidental to ejection from aircraft, In addition to
these factors, concern on the part of safety and survival specialists had become
increasingly acute because results which were obtained with radio rescue beacons
did not appear to be consistent with the capabilities of such radio transmitter
units, A relatively small radio transmitter is capable of generating and transmit-
ting a signal which can be detected by the sensitive receivers now in general use
at ranges much greater than visual signalling devices can be seen, Furthermore,
the radio beacon should be nearly equally effective for either daytime or nighttime
applications, It possesses capabilities which should make it superior to other
survivor locator techniques (now in general use) in almost all kinds of weather
conditions,

In spite of the advantages which the radio beacon appears to possess,
many fewer military survivors than would be expected have been located as the direct
result of the use of radio beacons, As a result, searchers and survivors have come
to rely heavily on visual signalling devices, rather than upon radio beacons,

To be compatible with the current U. S. military forces "universal
search concept", emergency beacons must emit signals which can be received and

-1-
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FIGURE 1-1

RT-10 RADIO RESCUE BEACON (FRONT VIEW)
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FPIGURE 1-2

RT-10 RADIO RESCUE BEACON (REAR VIEW)
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processed by unmodified UHF radio communication and direction finder equipment in
general use on military aircraft, surface craft, and monitoring and communication
facilities. Normal procedure is for searchers to listen for emergency signals uti-
lizing nominally omnidirectional antenna installations, and to utilize their auto-
matic direction finder capabilities to direct them to the transmitter location,

The SARAH system is an example of a '"special" system which requires
specialized receiving equipment, and which is not compatible with the universal
search concept. This system is being used with reasonably good success by the
British, Canadians, NASA, and others. The beacon emits a specially - coded sig-
nal, and can also be used for voice communication, Installations on search air-
craft and ships require special receiving antennas.

Reference will be made repeatedly in this report to beacon "systems'.
A device like a radio beacon cannot be considered as an individual entity. A num-
ber of factors play vital parts in successful utilization of a beacon. In reality,
the "system" 1s composed of:

1) The beacon unit which generates and propagates radio frequency signals,
2) The equipments and electronic systems which receive signals and present
them for a listener to hear, or which provide radio bearing azimuth
"fixes" on the transmitters,
3) The men who maintain, adjust, and utilize these equipments, and
4) The environment in which the beacon operates.
This environment includes the sea or land over which the beacon operates, and the
atmosphere through which r-f energy is propagated and in which the searchers oper-
ate, Obviously, it does no good to generate r-f power if it is not efficiently
propagated, and if receivers and associated equipments are not designed and oper-

ated so as to make maximum use of the beacon signal.

1.2 Study Objectives

Objectives of this study are outlined following:

1) Determine the theoretical capability of these systems in terms of the
range at which the beacon signal should be detected by operational
radio receiving equipment.

2) Determine if problems exist with these systems. Determine what factors
have contributed to the lack (or apparent lack) of success of these
beacons., Define the problems in these systems.

3) Prepare recommendations outlining what can be done to overcome or to
alleviate problems, and to make the beacons maximally effective.
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1.3 Study "Guidelines"

The following '"guidelines" applied to this study. The first and
second of these were imposed primarily by the Crew Systems Division; the third
was imposed upon themselves by the investigators as a result of their special
interest in "practical" aspects of this problem, Evaluation and design of bea-
cons, per se, was not the objective of the program,

1) Modification of beacons and beacon designs was not to be an objective.
Beacons were used and were tested in this study because testing and
evaluation must be done to provide an understanding of their performs
ance and capabilities., A good understanding of detail as to how the
beacons are utilized in operational conditions is also necessary.
Measurements and tests were made to determine how effective the bea-
cons are under such conditions,

2) Construction and modification of '""hardware" was to be limited to that
necessary for testing and evaluation of the system, and for demonstra-
tion of general principles. In the course of the study, some modifi-
cations were made to receiver installations to corroborate the con-
clusions of theoretical studies, and to demonstrate what improvement
could be expected if realizable modifications were made to various
equipments,

3) Emphasis was to be placed upon "practical" aspects of these systems
and their utilization. Some theoretical evaluation must necessarily
be done in support of such a study, but emphasis was placed upon the
study of operational equipment and aircraft which were maintained and
operated in accordance with standard procedures and standards. While
nonstandard and nonmilitary instrumentation must be used to perform
some tests in any such study as this, concentration of effort was
on evaluation of these systems as they are used under operational
corditions.

1.4 Summary of Study

Tests were run on as many beacons as possible which are either in
most widespread use in the U, S. Navy, or for which use is planned in the near
future., The advent of a successful PRC-63 radio beacon, a completely new and
radically different design which is now nearly completely developed and for
which thick-film screen-and-fire techniques are utilized, will make portions
of the studies of beacons of older design of less import, Prior to the great
increase in demand for beacons which resulted from increased military activity
in Viet Nam, several beacon models were being used in the fleet., Each type of
beacon had been procured in modest quantities. It seems that beacons had not
been used frequently enough to demand urgent attention, and to provide opportu-
nities for thorough operational evaluation, The increase in air operations in
Viet Nam and the urgent requirement that downed aircrewmen be located and res-
cued promptly greatly increased the demand for beacons, These units are now in
very short supply, and production has been increased to meet the demand,

“v
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In any comprehensive study program, beacons must be taken directly
from production lines and/or the Navy supply system, and tested thoroughly, If
performance evaluations are to be meaningful, there must be no question about the
history and condition of the beacons which are tested, There must be assurance
that units which are tested are typical of units which are being used in the fleet,
Such extensive testing was not done as part of the program reported here. Beacons
were in extremely short supply at the time this study was made, and such an exten-
sive testing program was not within the scope of the program, Tests which provided
much useful information about rescue beacons of this type were performed by using
units loaned by the Aeromedical Branch, NAVAIRTESTCEN. Development, organization,
and execution of a comprehensive testing program would require much effort, Such
a testing program has been recommended as part of any comprehensive extension of
this study.

2, PROGRAM OUTLINE

At the outset of this program, it was realized that radio rescue
beacon systems are comprised of several vital parts as discussed in Section 1.1 of
this report, This study was organized and executed so that data relating to bea-
cons could be collected by several means, The program designed to accomplish this
is outlined in paragraphs following,

2,1 Program Administration

2.1:1 APL/JHU - Keltec Industries Contract (APL/JHU Contract No, 230631,
December 10, 1965)

A subcontract was negotiated by APL/JHU with Keltec Industries, Inc.,
Alexandria, Virginia, for technical services, These services were to be rendered
during the period of 6 December 1965 through 31 May 1966, This contract was later
increased in scope, and extended in duration., Keltec Industries was authorized to
utilize personnel and facilities of Astro Communication Laboratory (ACL), Gaithers-
burg, Maryland, Astro Communication Laboratory is a Keltec Industry subsidiary,
and specializes in communication and telemetry receiving equipment, Most of the
field tests made as part of this study were made by personnel of Keltec Industries,
ACL, and the Aeromedical Branch of NAVAIRTESTCEN, Patuxent River, Maryland.

2,1,2 NAVAIRTESTCEN, Patuxent River, Maryland, Problem Assignment

Data required for the preparation by the Bureau of Naval Weapons of
a problem assignment for the Aeromedical Branch, NAVAIRTESTCEN, was prepared by
APL/JHU, From this, problem assignment No., 031-AE2321 was forwarded by the Bureau
of Naval Weapons to the Commander, Naval Air Test Center, on 8§ November 1965, Un-
der this assignment, the Aeromedical Branch worked in cooperation with The Applied
Physics Laboratory, Keltec Industries, and Astro Communication Laboratory, Aero-
medical Branch personnel participated in this program by 1) serving as consultants,
2) loaning beacons, radio equipment, test equipment, and printed material, and
3) coordinating and conducting flight tests,
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2,1.3 Participation of Civilian Personnel in Flight Tests at Patuxent River

Permission was requested by APL/JHU for civilian personnel to fly in
Navy aircraft for this study. This request was made through APL/JHU TS-1165, dated
25 January 1966, and was forwarded to the Commander, Naval Air Test Center via the
Bureau of Naval Weapons Representative, Silver Spring, Keltec Industries and Astro
Communication Laboratory personnel participated in some of the flight tests con-
ducted at Patuxent River in connection with this study.

2.1.4 Progress Reporting

Progress reports were prepared each month by The Applied Physics
Laboratory and by Keltec Industries, and were submitted to the Bureau of Naval
Weapons, In addition to these reports and to frequent personal and telephone
contact, two progress review meetings were held, At these meetings, the program
was discussed in detail by Bureau of Weapons personnel and by those conducting the
study, The first of these meetings was held on 23 February 1966 at Keltec Indus-
tries facilities; the second was held on 27 May 1966 at The Applied Physics
Laboratory,

2,2 Technical Study

Details of this study are discussed in followingiseébions of this
report, The study included both theoretical studies and field test and evaluation,

2.2.1 Literature Search

2.2.1.1 Introduction

A literature search was conducted so that as much information as pos-
sible could be obtained in a short time, An initial manual search was made for re-
ports on beacon locator and air-sea rescue studies, and for copies of technical
specifications and instruction manuals for beacons and airborne radio equipment,
These specifications and manuals were essential to the study., The chief sources
of information for this search were the APL Technical and Document Libraries, the
Technical Abstract Bulletins (which are prepared by the Defense Documentation Cen-
ter), and NAVWEPS publications, The search continued throughout the study as time
permitted.

Machine searches of APL, NASA, and DDC computer files were also run.
Of the machine searches, the DDC search yielded by far the largest and most useful
bibliography, Reports which appeared to be pertinent were ordered, Throughout the
course of this study reports, literature, newspaper articles, commercial technical
specification releases, and other publications were coullected and reviewed.

Documents which contain data and/or information relevant to this
study are listed in the Bibliography section of this report,
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2.2.1,2 Excerpts from Pertinent Documents

Excerpts from some of the documents which have been produced as the
result of other studies of this type are provided here for the convenience of the
reader, and to facilitate reference to these studies elsewhere in this report,

2.2.1.2.1 Air-Sea Rescue Survivor Communication/Location Study
Phase I - Theoretical Analysis
Report No. NADC-EL-6432, 17 July 1964
U. S. Naval Air Development Center, Johnsville, Pennsylvania

"A theoretical analysis was performed to determine the requirements
for a more effective location and communication system for air-sea rescue opera-
tions., The overall air-sea rescue complex was reviewed, problem areas of existing
locator equipments were analyzed to determine means for improvement, and the feasi-
bility of using new techniques and systems was investigated."

As a result of computations made in the course of that study, reli-
able ranges of 15 to 50 nautical miles were predicted for present UHF air-sea rescue
systems., '"To extend the operating range to 100 nautical miles, an additional system
gain of 18 decibels is required and can readily be obtained by optimizing the air-
borne receiving system and improving maintenance procedures in the fleet, In terms
of logistics, cost, availability, and expediency, the UHF air-sea rescue system,
optimized and fully implemented, is the most advantageous means of obtaining an ef-
fective location and communication system."

The following recommendations were made on page ii of the report:
"It is recommended that:

1. the airborne portion of the UHF air-sea rescue system
be improved by providing low noise preamplification, and by
establishing specific line maintenance procedures;

2. the AN/PRT-6 emergency beacon and the AN/PRC-49
emergency transceiver be subjected to a product improvement
program to increase reliability;

3. the power output of the AN/PRT-6 emergency beacon
be increased to 1 watt for use in carrier-based operations,
the circuits be encapsulated and considered a '"throw-away"
item upon failure, and the entire beacon be waterproofed;

4, standard air-sea rescue personnel equipment consist
of a combination of one AN/PRT-6 and one AN/PRC-49 unit, pro-
viding reliability through redundancy;

5. provisions for beacon and antenna installation be
incorporated in all flight suiting combinations; and

‘¢
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6. either an amendment to the National Search and Rescue
Manual, or an all-inclusive Navy manual, be published, which
includes definitive instructions concerning the use of locator
equipments and navigation systems for specific search missions."

In this report, an improvement in the airborne receiver system wae
proposed, electronic environment requirements (for beacon units) were specified,
placement of the beacon unit on the aircrewman was discussed, beacon improvements
(on the PRC-49 and PRT-6 units) were proposed, and other locator systems and tech-
niques (such as TACAN, LORAN C, Data Link Communications, SARAH, POSIFIX by
Douglas, satellites, and rockets) were discussed,

The "laboratory simulation to determine the feasibility of the ap-
proaches selected under the first phase," which was to have been accomplished
under Phase II of the NADC program, was not accomplished because of the assign-
ment of higher-priority tasks to NAVAIRDEVCEN.

2,2.1.2.2 A Feasibility Study Concerning Personnel Survival/Flotation and
Locator System
14 June 1961, Matrix Report No. 61-11, The Matrix Corporation,
507 Eighteenth Street, South Arlington 2, Virginia

This report was the "output" of a study made for The Naval Parachute
Facility, El Centro, California, under Contract No. N123(246)25920A. The study is
described in brief on page iii of the document as follows:

"The study reported herein recommends various operating
characteristics of a survivor-locator system for use in Naval
aircraft during the 1962-1963 time period. The techniques
applied and data investigated to arrive at these recommenda-
tions are presented in detail in the technical section of this
document, A summary of the study findings appears in the be-
ginning of the document in a Management Report for the con-
venience of that part of the audience not concerned with
detailed treatment,"

This report deals with a variety of locator systems, including the
radio beacon. Factors related to aircraft accidents were analyzed (e.g., conven-
tional accidents by aircraft model and mission type; helicopter accidents by air-
craft model; distance of accidents from rescue facilities; sea temperature distri-
bution, etc.), and various techniques and systems which are used (or which might
be used) for survivor location were discussed. A survival pack space analysis was
made of 21 Navy aircraft, and recommendations were made relating to operating
characteristics of survivor locator systems,

The report contains much detailed data related to mishaps which can-
not be briefed here. One comment is made which does relate directly to the effect
of the range capability of locator devices: " , . -.search duration drops rapidly
as beacon range increases up to about 12 miles. Thereafter, further increases in
beacon range bring about relatively slow decreases in search time, It is suggested,
therefore, that a beacon range in the interval 15 to 20 miles seems reasonable."
(These comments relate to the expanding square search pattern.)

-9 -
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2,2,1,2.3 Survival Following Air Force Aircraft Accidents, 1 January 1958 -
31 December 1963 by Wm. R, Detrick, Major, USAF, and Anchard F,
Zeller, Ph, D., Life Sciences Division, Assistant for Medical
Services, Deputy the Inspector General, USAF, Norton Air Force
Base, California

In this study, " ... Air Force major accidents for the six-year
period 1958-1963 were examined, There were, altogether, 3,092 accidents during
this period." The report contains graphs showing "Total USAF Major Aircraft
Acclidents vs, Survival Accidents', "Accidents vs, Survival (People Involved)",
"Number of People vs. Injury in Survival Situations; 1958-1963", '"Number of Per-
sons vs, Injury vs, Landing Surface; 1958-1963", ete¢, Data relating to factors
such as "time elapsed before rescue", "use of life preservers", "use of the life

—n

o

raft", "use of survival clothing'", '"use of survival kits", etc, were also presented.

The following excerpts are pertinent to the rescue beacon study:

"Although missing persons demonstrate pointedly the need
for certain kinds of equipment, particularly location devices,
a critical evaluation of their actual survival problems cannot
be accomplished, In all, 205 of the 697 persons fell into the
missing category, It should not be overlooked that for every
three persons studied there was one other who was not, because
information about his difficulty was not available,"

"As would be anticipated, most of the fatalities occurred
following water landing, Land accidents, although involving
few fatalities, did involve a large number of injuries." -

" ... when decisions concerning survival are made, they
should always take into account the sobering fact that one out
of two individuals will be forced to survive with some degree
of incapacitation,”

"Many individuals were unfamiliar with the contents of
their kits, particularly when it came to their use under ad-
verse circumstances,'

"The information that an individual has been involved in
an aircraft accident is the signal for a vast program of search
and rescue activity on the part of both service and civilian
units, Their efforts are greatly aided if the downed airman
can make his whereabouts known,"

"Electronic methods, (radio and radar) contributed surpris-
ingly little to the overall locating function,":

"The actual availability and use of radios for the six year
period indicates that availability was almost 50%. A large num-
ber were lost and about one in three was used., With few excep-
tions the radio malfunctioned, When it did work, the useable
range was extremely limited, In this period of sophisticated

- 10 -
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electronics, it is indeed surprising that the reliability of
such a basic piece of equipment is so low, The URC-4/URC-11
radio, specifically, has a poor history. During the six years
there were 214 URC types available, Seventy-five attempts
were made to use the radio and 54 of these resulted in a com-
plete malfunction. Nine others reported a partial malfunction
(receiver difficulty) and 52 were lost, Thus, there were 21
successful uses of the URC type radio in six years,"

"The SARAH beacon was available in nine survival accidents.
Survivors attempted to use it six times out of which one man's
location was definitely attributed to SARAH, - Complete failure
was reported in two cases (one pilot pulled the actuating pin
the wrong way). In two cases it was unknown whether the beacon
was operating or not (one man was operating two radios and the
second was not located for 30 hours). In one case the receiver
in the rescue aircraft was out."

"If we are to learn from this record of 10% actual success-

" ful use of the URC-4/URC-11 radio when it was available and 11%

actual successful use of the SARAH beacon when it was available,
new electronic locating devices should have at least the follow-
ing features:

1. Be securely fastened to the man or his harness to pre-
vent loss during ejection and subsequent landing,

2. Be automatically activated either upon ejection, sep-
aration from the ejection seat, or on parachute deployment,

3. Be completely water and shock proof.

4, Have a foolproof '"ON" and "OFF" switch for manual oper-
ation and for use when necessary to conserve battery life.

5. Have a reasonable battery life under survival conditions.
_@:‘ Have good receiving equipment in search aircraft,"

. "Approximately 10% of all persons rescued suffered fatal
injuries, most following water landings, When fatalities were
excluded, slightly over half of the individuals involved in
land survival were injured, most injuries being incurred during
ejection or bail-out and subsequent landing.,"

"For the most part, location of individual survivors has

been accomplished visually, Radios and other location aids,
other than visual devices, have so far proven unsatisfactory."
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2,2.1.2.4 Comments Relating to Documents Excerpted

It is most important that these excerpts be considered in proper con-
text., The studies briefed in Sections 2,2,1.2.2 and 2.2,1.2.3 of this report cov-
ered a period in which a number of beacons were being used which are no longer in
widespread use, Many improvements in beacons have been made, and still more are
being made in beacon equipments now being developed. However, there is an important
fact which is made apparent by these reports which describe conditions existing in
the past, This fact has been corroborated by discussions with military and civilian
personnel who are currently informed in these matters: There is a pervading lack of
confidence in radio rescue beacons. Regardless of the causes - be they just or un-

just or be they well- or ill-founded-such lack of confidence tends to perpetuate
degenerate trends so far as successful utilization of these devices is concerned,
The adage "Nothing succeeds like success" applies. Confidence will be engendered
by demonstration of success. Such demonstration can be most quickly produced
through improvement of beacon units used by aircrew personnel, and through carefully
planned training of these personnel.

Several of the recommendations made in the NADC (Johnsville) report
are applicable today., Progress has been made in implementing these recommendations,
It appears that still more needs to be done, as discussed in Section 3 of this
report,

2.2.2 System Analysis

2,2.2.1 Theoretical System Analysis

At the outset of the study, computations were made in which estimates
of beacon detection range for units of this type were calculated. The analysis is
included in this report in Section 4.3.1, Calculations were based upon '"plausible
estimates" relating to conditions existing in the beacon/locator system., Free-space
propagation conditions were assumed, and estimates were made of receiver noise fig-
ures of typical airborne receivers. For these computations, it was assumed that
the beacon radiates all its power at the specified frequency and the audio modula-
tion sidebands.

The following conclusions were drawn from this exercise:

"One might expect about an 80 mile detection range for a
1/4 watt beacon in a moderate RF nolse field for a receiver of
10KC bandwidth., Use of a preferable, 2KC bandwidth might pro-
vide range up to 100 nautical miles given favorable (ideal di-
pole) transmit and receive antenna patterns. Antenna pattern
variations, due to obstacles such as ''stores" upon the aircraft
and the crewman's body upon the beacon, could alter the range
significantly and unpredictably,"

"The beacon is tone-modulated between 300~1000 cycles so
that the receiver bandwidth might be easily reduced to a 2000
cycle value (1/5) with an increase in range inversely propor-
tional to the square root of this ratio (ﬁﬁs) or by a factor
of 2.2 producing possible ranges (if not line-of-sight limited)
of 100 nautical miles."
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Later in this study, tests on operational receivers demonstrated
that these equipments exhibited noise figures much higher than was assumed in the
initial analysis. Also, closer investigation indicated that in many instances,
propagation conditions could not be accurately represented by free-space approxi-
mations., An analysis was made which accounted for the effects of the sea and its
influence on the beacon u:tcction range, Measured values of airborne receiver
noise figures and bandwidths were used. This analysis is included in this report
as Section 4,3.2, The results of these calculations are summarized in Figure
4,3.2-1 vhich is a plot of received signal-to-noise ratio as a function of the
search aircraft range and altitude. A minimum detectable signal-to-noise ratio
of 10 db is shown as a dash line on this figure., Aircraft at positions represented
above this line are within detection range, but aircraft at positions represented
below the dash line do not receive sufficient signal to permit the searcher to hear
the beacon.

Variations in parameters such as the antenna patterns and the re-
ceiver noise figures differ froim aircraft to aircraft, and render the plot of
Figure 4.2,3-1 only an approximation. It can be used, nevertheless, with some
confidence in determining general coverage provided by the beacon. As an illus-
tration in the use of these curves, an aircraft at 20,000 feet at a range of 100
miles could detect the presence of a downed airman who has a beacon which radiates
1/4 watt of power. A lower altitude of 10,000 feet would, however, provide a
shortened detection range capability of about 70 miles, Although sufficient ex-
perimental data is not available for verification of the plot in Figure 4.3.2-1,
data available from the Johnsville study show reasonable correlation, Only rel-
ative comparisons between the Johnsville predictions and detection ranges computed
here are possible, however, since system parameters such as receiver noise figure
and signal-to-noise (squelch level) were not recorded in the Johnsville report.

Emphasis has been placed upon computation of the range of these
devices when they are utilized as beacons, rather than as transceivers, because
it is the beacon capability of the units which is likely to be most critical so
far as initial detection of survivors is concerned, It is true that survivors
might sometimes be first detected as a result of their voice communications being
heard. It is more likely that the beacon, with its distinctive tone and greater
power output - 250 mw beacon vs 50-100 mw voice output is typical for these radio
beacons - would be utilized to make first contact with the searcher, Once the
beacon is heard, those searching can determine its bearing, and can move toward
the survivor. Voice contact can then be established to assist in the terminal
phase of the rescue, It has been found that the establishment of voice contact
is extremely important to the survivor from the viewpoint of the psychological
"boost'" he receives from it, The transceiver capability is also very important
if the search plane does not have an ADF capability.

For these computations, consideration has been given to energy
propagation phenomena, ambient r-f atmospheric noise levels, and receiver noise
and sensitivity figures which are typical for airborne receivers now in use in
the fleet, These calculations indicate that from these basic considerations
alone, the range of radio rescue beacons with modest (0,25 watt) power output
should be sufficient for these beacons to be very effective as survivor location
devices, Based on these range capabilities, the beacon should be much more ef-
fective as an all-weather, day/night signalling device than any other small per-
sonnel locator device now in widespread use,
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A very wide span of "typical' ranges has been suggested by these
computations, It may seem that a precise computation of range could be made., It
is true that this could be done for & precisely specified beacon/receiver system
which is operated under a given set of conditions. However, the nature of these
locator systems is such that only approximations can be made. Performance under
operational conditions is affected by many factors which are extremely difficult
to control, Very small changes in the system, such as changing the position of
the beacon a few inches relative to the surface of the water, have a pronounced
effect upon the range at which the signal would be detected by a search plane
flying at a specified altitude. Small differences in receiver control settings
make great differences in detection range. Optimum range is obtained only with
the most favorable alignment of the aircraft and beacon antennas relative to each
other, Such optimum conditions may exist for only a relatively small portion of
the time during search missions during which the orientation of the aircraft
changes constantly, and where aircraft structure, armaments, and stores may '"shade"
the aircraft antennas from the beacon signal., It is difficult also to establish
criteria for "reliability" where beacon detection range is concerned.

If they could be made, accurate specifications of range would be
very descriptive of the capability of any particular beacon. Attempts at speci-
fication of range are perhaps justified by the fact that so many factors are in-
volved that this is the only way users can be given any indication at all as to
what to expect from these beacon units, However, any such data must be evaluated
advisedly,

The real value of these computations lies in the fact that they do
provide theoretical guidelines, They indicate what should be expected in the way
of range so that the users do not expect ranges far greater than such systems could
possibly provide. Conversely, the user is alerted to look for the sources of dif-
ficulties if the ranges obtained are consistently far less than the beacons are
capable of providing, By way of example, one concludes from these computations
that beacons with 0,25 watt output should provide greater detection ranges than
are being obtained consistently, with some beacons, in flight tests, This fact
emphasizes the need for careful evaluation of other factors which may be degrading
the performance of the beacons, or of ways in which the computations should be
modified so that other factors are taken into account,

2,2.2.2 Discussions of Radio Rescue Beacons with Navy and Civilian Personnel

Air-sea rescue beacons and related subjects were discussed with Navy
and civilian personnel who have experience and information related to these devices.
Details of discussions with individuals at two Navy installations are included as
appendices to this report. Since no formal reports were prepared covering visits
to NAVAIRTESTCEN, Patuxent River, Maryland, some additional related detail is sup-
plied in the following section,

2.2,2.2.1 Aeromedical Branch, Service Test Division, NAVAIRTESTCEN, Patuxent
River, Maryland

During this study, several visits were made to NAVAIRTESICEN by
Keltec, Astro-Communication, and APL personnel for discussions with Navy and
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civilian personnel, observance of tests, and participation in tests which were run

there.

Details of specific flight tests, aircraft receiver tests, etc., made at

Patuxent River are presented in other parts of this report.

Aeromedical Branch personnel had several comments and suggestions

to make as a result of their experience with extensive testing and evaluation of
radio rescue beacons:

1))

2)

3)

4)

5)

Results of flight tests are not consistent, and are difficult to inter-
pret. The majority of the beacon tests made by the Aeromedical Branch
are made under simulated operational conditions, Beacons are usually
placed near the surface of the water at the water's edge, and flights
are made by operational-type aircraft flying at various altitudes.
Maximum detection range is measured with beacons and aircraft radio
equipment operated under various conditions. Results differ drasti-
cally on consecutive tests made with the same beacon, aircraft, and
test pilot. This is true even when special efforts are made to make
conditions as nearly identical as possible, There is a need for an
evaluation of the causes of these problems,

Aeromedical Branch personnel are of the opinion that it is

very important that the beacon be attached directly to the aircrewman's
clothing or harness. When the beacon is stowed in the seat or elsewhere,
the aircrewman often has difficulty finding and/or retrieving the beacon,
It should be mounted in such a way that it is still attached to his per-
son if he '"'comes out clean'" after evacuation of the aircraft via ejection
seat,

The beacon should be small and light, A "beacon only" capability would
be sufficient if the transceiver capability cannot be supplied in a unit
which is small and light enough to attach to the aircrewman's clothing,

A preamplifier placed ahead of the guard-band receiver should be used,
especially when long-range detection capability is needed. Aeromedical
Branch personnel have run flight tests with a prototype preamplifier.
Detection ranges were quadrupled with regularity when the preamplifier
was used,

Techniques need to be developed so that beacons can be checked out in
meaningful fashion before planes take off, Also, it should be definitely
established before takeoff that the emergency frequency receiver in the
aircraft is in acceptable operating condition,

Beacons should be evaluated under conditions which simulate operational
conditions as nearly as possible, Truly meaningful measurements of de-
tection range can be made only by utilizing operational aircraft in which
are installed receiving equipments of the type which are used on actual
search misssions, This does not preclude the use of special aircraft
and equipment for test and evaluation of beacons, but does suggest that
results obtained in the course of such tests may sometimes be better than
could be expected with operational aircraft,
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6) Pilot techniques, including the way receiver and ADF equipments are uti-
ligzed, have a very great effect upon the detection ranges which are
obtained.

7) Studies should be made of complete aircraft installations. Tests should
be run to determine what losses of signal occur (e.g., losses in the an-
tenna, connectors, feed-throughs, coaxial cables, etc.) and attempts made
to reduce these losses as much as possible.

8) It should be emphasized to pilots and to others that they must refrain
from using the guard channel for communications except in real emergen-
cies. This channel is often used for routine communication as a con-
venience. Signals from beacons are sometimes masked by non-essential
traffic on this frequency. In some emergencies, there is severe inter-
ference on this frequency as a result of legitimate communications.

\\
9) Water leakage and lackof reliability have been major problems with
beacons tested and evaluated-by the Aeromedical Branch.

10) Flight tests which have been made by the Aeromedical Branch have shown
that detection ranges obtained with PRC-63 beacons fitted with 1/4-
wavelength "whip" antennas were substantially greater than ranges ob-
tained with either the standard or extended helix antennas with which
the beacon was originally designed.

11) One of the missions of the Aeromedical Branch is to evaluate survival
equipments to determine if they are suitable for general use in the
fleet. Close cooperation with that group should begin early in the
development of new survival equipments, Such cooperation would re-
sult in an overall saving of time and effort.

2,2.2,2.2, COMNAVAIRPAC, Naval Air Station, San Diego, California

One visit was made to NAS, San Diego, to discuss air-sea rescue
beacons with members of the staff of the Commander, Naval Air Pacific. A detailed
report of that visit was prepared in the form of an internal memorandum, and is
provided as one of the appendices to this report in Section 4,.3.3.

After this trip report was prepared, it became evident that termi-
nology used by the COMNAVAIRPAC staff differs somewhat from that used in other
parts of this report., The trip report was not revised because it does not appear
that the differences in usage of words would cause any serious misinterpretations.
The terms used in this report are defined in its Introduction. The following ter-
minology is utilized by members of the Staff, COMNAVAIRPAC, in reference to survival
equipments of this type,

Beacon - A device which transmits the emergency (distress) signal,
These devices are also called "beepers,"
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The emission from these devices is a radio-frequency
signal which is modulated by an audio signal, The modulation
used in the more recent beacon designs is a distinctive, re-
petitive, swept-frequency audio tone. The sweep cycle repeats
two or three times per second, and produces a "squawking" noise.
This modulation pattern is being made standard among the mili-
tary services as a distress signal,

The beacon has no voice transmission and/or reception
capability.

Radio beacon - A device which has, in addition to the beacon
capability described above, a transceiver capability.

A transceiver is understood to be a device which can
both transmit and receive radio signals. In search and rescue
applications (as in almost all tactical applications today),
transceivers are used for voice communication., Communication
capabilities are required between survivors and between sur-
vivors and search and rescue personnel. Transceivers used for
signalling and rescue are relatively small, portable devices,

Utilizing terminology defined above, recommendations made by the

staff, COMNAVAIRPAC, are reiterated following:

1)

2)

3)

Every VA and VF aircraft which is equipped with ejection seats should
have a beacon (distress signal transmitter) in each seat pack. These
beacons should be designed with optional automatic actuation capability.
The beacons would normally be rigged for automatic actuation for non-
combat operations. In combat situations like those in which the Navy
is engaged in Viet Nam, the non-automatic option would probably be se-
lected. The survivor would then have direct control over transmission
of the emergency signal. In many instances, he may not wish to call
attention to himself., The obvious disadvantage of manual actuation is
that an aircrewman who is injured may not be able to manually actuate
the beacon should he wish to,

The selection of the mode of operation (automatic vs non-automatic actua-
tion) would be made before takeoff, and the beacon would be rigged
appropriately.

All life rafts - especially those carried in aircraft in combat areas =
should be equipped with radio beacons (beacon and voice capability),

Aircrewmen who are flying in combat areas should be equipped with man-
mounted radio beacon (beacon plus transceiver) units., These units are
to be supplied in addition to the beacons which are mounted in seat
packs and life rafts, In multi-place aircraft, such as VS and VP air-
craft, not every member of the crew need be supplied with & radio
beacon. Approximately 10% of the crew members should have radio
beacons mounted on their person when more than 10 men are aboard,
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4) Beacon and radio beacon units should be designed so that they utilize
the same batteries. The ability to so interchange batteries would
offer a great advantage should one equipment fail, or should there
be other reasons for preference of one unit over the other, Also,
it would be a relatively simple matter for the aircrewman to carry
spare batteries. Logistic problems would be minimized.

As a result of this visit to COMNAVAIRPAC, it became evident that
there is not always a great need in operational situations for long-range detection.
Also, some of the requirements placed upon beacons in combat areas Jiffer completely
from those which are placed upon beacons used for open-water search and rescue, For
example, jungle vegetation severely attenuates electromagnetic waves, and severely
limits the range of communication equipments. Conditions are much more favorable
for propagation over open water,

2.2,2,2.3 Naval Aviation Safety Center, Naval Air Station, Norfolk, Virginia

As part of this study, a visit was made to the Naval Aviation Safety
Center to discuss subjects related to air-sea rescue beacons, Prior to the visit,
a "run" was made on the information retrieval system at the Safety Center. The
printout which resulted was given to APL and Keltec personnel at the time of the
visit, Later, an analysis of these data was made at APL.

A complete report is included as Section 4.3.4 of this report. The
report contains information provided by Safety Center personnel, conclusions and
recommendations, an analysis of the computer printout data provided by the Safety
Center, and coples of the printout,

2.2.2.3 Technical Literature and News Releases

During the period throughout which this study was in progress, several
publications related to radio rescue beacons appeared., The majority of the releases
of which copies were obtained are listed in the Bibliography section of this report.
Such releases provide additional insight into activity in this field. Some are dis-
cussed briefly following.

Among the radio beacon equi.;ents introduced by industry was the Life
Beacon Type 482 which was introduced by .ive:ican Electronic Laboratories, Inc. This
is a small, self-contained emergency beacon unit with specified 0.5 watt (peak)
beacon output., It does not have voice transmission or reception capability. The
unit is designed to operate at 121.5 mc, with operation at 243 mc optional. From
this, it appears that this beacon is intended for use primarily by the commercial
aviation community, ' ' . - ' '

Product news releases appeared in the "trade journals" on the ACR
Electronics Corp. Personnel Survival Transmitter and Light, Type ACR TB-4D., This
device 18 a combination of a 0.75 watt radio beacon, which operates at 243 mc, and
a flashing Xenon light with a 20 mile night range. An examination of brochures
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describing this unit indicate that it was probably introduced shortly before this
study began,

The Granger Model 150, which is specified to have 1.0 watt nominal
carrier output ("approximately 3.8 watt peak power with modulation") is a commer-
cial emergency transceiver unit which is designed to provide communications when
normal power sources are not available, It has several interesting features.

One is its stored-electrolyte battery, It has no beacon capability,

Brochures wer: also obtained on larger beacons which are designed
primarily for commercial, multi-place life raft use. Included are the Granger
Automatic Radio Beacon, A/R/B-121, the RESCU (121.5 mc and 243 mc) and RESCU/1
(121.5 mc) beacons by Garrett Manufacturing Limited, Ontario, the ERB-1 and
ERB-2 Flotation Beacons by Elliott - Automation Radar Systems Ltd, Herts, England,
and the ACR-516R RADARC Signal Drop Buoy which is designed for air drop, This de-
vice has both UHF radio (243 mc) and flashing light capabilities. All of these
units are of interest to those acquainted with "beaconry" techniques,

In addition to the introduction of equipments by commercial firms,
progress has continued in procurement and development of personal beacon units
(such as the PRC-63, RT-10, URC-10, and PRC-49B) which are already being developed
and/or purchased for military organizations. Development of special-purpose units
such as the PRC-60 Helicopter Rescue Crewman Radio Set, which is to be mounted in
the crewman's helmet, continues, Also, a miniature homing beacon for carrier
flight deck personnel is being developed at the Naval Research Laboratory. This
beacon is to be integrated into the flotation vests which are worn by ship crewmen.

Newspapers have carried releases pertaining to at least one of the
studies which relate directly to current radio beacon problems., Of these, several
newspaper articles have appeared which have discussed the extensive study which is
being made by the Atlantic Research Corporation, Arlington, Va,, of the effects of
jungle vegetation upon radio-frequency energy propagation, Radio rescue beacons
have also been demonstrated for home television viewers in connection with NASA
manned space effort presentations, and have been given publicity in the newspapers.
One feature article which was carried by a Washington, D. C. newspaper in March,
1966, quoted a "commander" aboard the USS INDEPENDENCE, which was operating off
the coast of Viet Nam, as telling the reporter before he flew as an observer on
a mission in a Phantom aircraft: "If you have to eject over the Mekong, you may
assume you'll be in hostile territory. Just dump your chute and get into the
next field, down under the water and turn your radio on to the bleep signal - it
works under water - and we'll have a chopper in there to get you out in less than
12 minutes . . .." The radio beacon was not clearly identified in the article,
but the user of any of the devices now in operation should be instructed to oper-
ate under water only as a very last resort, The assumption must be made that the
reporter either misunderstood the instructions given him, or that he did not convey
the fact that underwater operation is one of the least desirable modes of operation.
In another newspaper, an article in the San Juan Star of July 29, 1965, discussed
a demonstration by a swimmer of a "lifejacket radio",
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2,2.3 Beacon Evaluation

As part of this study, several beacons were examined and utilized in
tests. The objectives of this part of the study were to evaluate beacons in suf-
ficient depth to provide insight into characteristics of the beacon/locator system,
and to provide some familiarity with these devices. The majority of these tests
were run utilizing PRC-49, PRC-49B, URC-10, and PRT-3 beacons loaned by the
Aeromedical Branch, NAVAIRTESTCEN, to The Applied Physics Laboratory and Keltec
Industries. It was not intended that extensive beacon tests should be run as part
of this study. An extensive test program is recommended, as part of a more detailed
study, In Section 3,2.2 of this report. Such tests and investigations should be
conducted with numbers of representative beacons from production lots,

2.2.3.1 Beacon Specifications

Copies of performance specifications for the PRC-49, PRC-49A, URC-10,
PRC-63, and PRT-5 beacons were obtained and reviewed, 1In the past, beacon procure-
ments have usually been made by utilizing such performance specifications rather
than detailed manufacturing specifications. Generally speaking, performance specifi-
cations define operating characteristics and capabilities (such as power output,
frequency stability, etc.), and do not usually specify physical characteristics in
concise detail, 1In such specifications, materials and procedures are normally speci-
fied by reference to other Military Specifications, On the other hand, manufacturing
specifications describe equipment in complete detail. Precise dimensions and toler-
ances are given, materials and manufacturing processes are specified, and electronic
component parts are identified by type number, manufacturer, or special specification,
Also, performance characteristics are specified,

There appears to be little doubt that utilization of carefully-
prepared manufacturing specifications (rather than performance specifications)
would do much to insure consistency of beacon performance. Such specifications
have probably not been used to a greater extent because peacetime procurements
of beacons in limited quantities have not seemed to justify preparation of such
specifications. Severe problems are created by the fact that the very rapid ad-
vancement of electronic technology quickly obsoletes such equipment as beacons
where particularly heavy emphasis must be placed on minimization of size, weight,
and power consumption. These factors have tended to make preparation of detailed
manufacturing specifications impractical., Preparation of good manufacturing spec-
ifications involve large investments of manpower and time, and should be based
upon experience gained throughout the development, test, debugging, and extensive
field use of any new equipment,

In some respects, the specifications which were reviewed do not pro-
vide all of the detail which is required to insure that vendors produce equipments
which provide the performance intended. The extent of problems which may have re-
sulted from such deficiences cannot be accurately assessed unless a study is made
to determine whether or not beacons have been produced from faulty specifications
and sent to the fleet for use, It is entirely possible that these specifications
vere supplemented by acceptance and/or test procedures which provided additional
clarification when the beacons were procured.
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One fairly critical omission in the specifications which were reviewed
occurs in the specifications for the PRC-49 and PRC-49A beacons (MIL-R-22633A,
25 May, 1962, for the PRC-49, and Amendment 1 of 1 May, 1963, for the PRC-49A),
These specifications do not state that the r-f power output specified must be at the
guard band frequency of 243 mc., It would be possible for a vendor to comply with
the specification as stated in Paragraph 3.3.2 of MIL-R-22633A without providing a
beacon which generated the r-f power at the proper frequency. Frequency-selective
power measuring devices are not specified for r-f power output measurements, These
beacons have a 60. ‘' mc crystal oscillator, a buffer-doubler stage which provides
a 120, '* mc signal, and a final doubler which applies a 243 mc signal to the an-
tenna, Transmitters of this type, in which the output of a crystal oscillator oper-
ating at lower than the output frequency is multiplied and amplified, have a subtle
characteristic which is typical of that type of circuit, Power at the lower fre-
quencies is often radiated by the antenna. The relative amplitudes of the various
frequency components are determined by the design of the equipment, In transmitter
units in which size, weight, power consumption, and cost are all critical factors,
there is a tendency for the designer to minimize the complexity of the circuits.
Units of this type should be tested thoroughly to insure that specified power is
radiated at the correct frequency.

Precise measurements were not made on the beacons which were made
available to APL because truly representative results could be obtained only with
typical production beacons. 'Quick look" tests with a spectrum analyzer and field
strength meter indicated the presence of strong outputs at frequencies other than
243 mc on some of the beacons which were available.

In conclusion, it should be emphasized that improvements have been
made in more recent specifications. All of the specifications do not have the
deficiencies described here. The preceding observations are made to point out
that it is likely that some of the earlier beacons may not have performed as the
users thought they were performing, and that these unsuspected deficiencies may
have caused disappointment, Complete recommendations regarding specifications
could be made only after a thorough study and evaluation was made of existing
specifications., Except where examination of specifications of obsolete beacons
may provide helpful information, any such study should be restricted to beacons
which are now in production, or for which production is planned. Procurement by
manufacturing specification should result in the production of consistently better
beacons.

2.2.3.2 Antenna Pattern Tests

Beacon antenna tests were made to determine if the field strength
profiles produced by these beacons are in general agreement with theoretical pre-
dictions, to demonstrate some of the gross effects upon the radiation pattern of
variations in position and orientation of the beacons, and to conduct various ex-
periments which appeared to hold promise of improving the effectiveness of these
small transmitters,

Beacon antenna pattern tests are discussed in detail in Section 4,1

of this report, The first tests of this series were made early in the study pro-
gram by utilizing a radar boresight tower at The Applied Physics Laboratory as a
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structure on which a receiving antenna could be hoisted. The objective was to ob~
tain data on vertical plane signal strength profiles, These tests are reported in
Section 4,1.4 of this report. In that section, problems relating to these tests
are discussed in detail which will likely seem to many readers to be superfluous,
The performance of such tests presents serious problems to the investigator who
must devise methods for making these tests, The subject is discussed in detail in
the interest of expediting additional study in which antenna patterns may need to
be investigated. It is important that actual operating conditions be simulated

as closely as necessary.

The first tests provided a fair degree of assurance that the pat-
terns produced by these beacons do not differ greatly from what would be expected
of transmitting units which utilize one-fourth wavelength ''whip' antennas. The
tests provided insight into the effects of various variables such as height of the
beacon above the ground plane and the effect of the user's body upon the transmit-
ter signal strength. In a general sense, the patterns obtained from these tests
agree with theoretical plots. They do not show the detail of lobe structure which
is provided by computed plots of antennas which are operated above the ground plane,
This lack of "definition" appears to be caused by reflections and scatter, A di-
pole receiving antenna was used for the first tests., This antenna design does not
have highly-directional characteristics when it is aligned relative to the trans-
mitter so as to provide maximum signal output, as it was for these tests,

Some of the characteristics of these beacons were demonstrated very
vividly by these tests. For instance, it is to be expected that the signal strength
from beacons operating at 243 mc will be affected by changes in position and orien-
tation of the beacons, and by objects in close proximity to the antenna, These tests
provided a very good opportunity for observation of dramatic changes in signal
strength which were caused by almost imperceptible changes in the position of the
operator. On one occasion during these tests, the receiving antenna was secured to
the boresight tower, and remained stationary, An extension cable was run from the
remote meter output of the field strength meter to the vicinity of the beacon oper-
ator so that he could see clearly the effect which changes of his position and the
position of the beacon had upon the magnitude of the signal picked up by the re-
ceiving antenna, When the beacon was held in certain positions, especially when it
was held relatively close to the body and with the operator's body between the
beacon and the antenna, it was difficult to believe that such small changes in po-
sition of parts of the body could cause such large changes in signal strength,

Slight changes of the position of the operator's head caused variations in signal
strength as great as 20 db, In an operational situation, this could represent a de-

crease in range by a factor of 10, Variations in signal strength which resulted
when an operator handled a beacon were measured later on the Keltec Industries an-
tenna range. Results are discussed in Section 4.1.1 of this report, See especially
Figures 4.1.1-16 and 4.1,1-17.

An awareness of these factors provides some insight into why field
tests often yield results which appear to be contradictory, why beacon systems are
difficult to evaluate, and why more "hard-and-fast" recommendations cannot be made
regarding their use., The best which can be offered in the way of recommendations
as to how the beacons should be held, etc., are general guidelines which seem to
represent the best overall compromises for the majority of cases. Because these
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beacons are portable devices and are often used under adverse conditions, there is

a great contrast between beacon/locator systems and fixed installations in which
transmitting and receiving antennas are stationary and can be designed for optimum
performance, where conditions are at 1least nominally constant, and where the signal
strength at any point in the transmitter's field can be expected to remain relatively
stable, These facts suggest the need for "standardization" of conditions in any
transmitter system, Such standardization might take any of a number of forms such
as supplying an antenna structure which would keep the radiating element a fixed
distance above the surface of the water, utilization of a flotation system, utiliza-
tion of prefabricated ground planes, etc, If any such standardization is to be suc-
cessful for this application, it must be accomplished with a minimum of ''gadgetry"
and auxiliary equipment, It must be recognized, as corollary to all that has been
said in this paragraph, that field reports relating to these beacons are very diffi-
cult to evaluate,

A number of tests were run on the Keltec Industries antenna range to
provide data to illustrate the effects of various factors upon the field strength
patterns, These tests are reported in detail in Sections 4,1.1, 4,1.2, and 4,1,3.
Discussions, interpretations, and comments are made in those sections, and will not
be repeated here, Final recommendations relating to those studies are included in
Section 3.2.1,

2,2.3.3 Flight Tests

Results of a series of flight tests which were run by the Aeromedical
Branch, NAVAIRTESTCEN, Patuxent River, Maryland, are summarized in Section 4,3.6 of
this report, The data tabulated are from the second interim report which was pre-
pared by NAVAIRTESTCEN Aeromedical personnel and dispatched to the Avionics Division
of the Naval Air Systems Command by whose permission these data are reproduced here,
These tests were not run as part of the APL-Keltec study, but are most relevant,
In Section 4,3,6, all data of the dispatch are reproduced; only identification,
routing, and "bookkeeping" portions of the dispatch are omitted,

At the time this interim report was prepared at NAVAIRTESTCEN, data
for all test conditions had not been taken, The tests were run in the course of an
intensive test program conducted during the winter and spring of 1965-1966., Over
55 day and night flights were made in a wide variety of weather conditions. Con-
clusions drawn by Aeromedical personnel who ran the tests are included in the
dispatch,

The URC-10, PRC-49B, and PRC-63 "whip antenna' beacons all provided
reasonably good detection ranges. While simple conclusions cannot be drawn because
data vary greatly for the different beacons, aircraft, and test conditions, compar-
ison of flight test data can be made with results of theoretical results plotted in
Figure 4,3.2-1, Contact ranges, i.e., the ranges at which the beacons can be barely
heard, correspond approximately to those indicated at the points where the lines on
the plot intersect the dash line. At the ranges represented by these intersections,
the beacon signals should be scarcely strong enough to be heard, From Figure 4,3.2-1,
ranges of approximately 100, 70, 45, and 20 miles are predicted when the search air-
craft are flown at 20,000, 10,000, 5,000, and 1,000 feet, respectively. Ranges
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obtained with the aircraft flying at 20,000 feet were somewhat less than predicted
on the graph - the 88-mile range obtained with the F-8D aircraft was closest to the
100-mile range predicted by calculations, There were considerable differences in
range obtained by different aircraft, but flight test results at altitudes of
10,000, 5,000, and 1,000 feet were reasonably close to ranges predicted in Figure
4,3.2-1, Many factors, such as the effect of antenna pattern lobes upon detection
range and the directivity characteristics of the aircraft receiving antennas, af-
fect the detection range, It is very difficult to account for these factors in
computations, The test results which are tabulated should be typical of ranges
which can be achieved with operational aircraft,

There are, quite obviously, distinct differences between test and
operational conditions. For instance, other than mention of some difficulties
which were experienced with the beacons, these data give no indication of the re-
liability of the units, Conditions for these tests were more favorable than those
existing in operational situations in which beacons may be stored for extended
periods without performance checks or battery replacement, They were not subjected
to the rigors and uncertainties connected with handling, ejection, and actuation,
Also, in operational situations over water, the beacons would probably be submerged
in sea water prior to their being operated, Moreover, problems associated with
putting the beacons into operation under adverse conditions are always to be ex-
pected in the survival phase of any mishap, These tests were made with beacons
which utilized fresh batteries, and which had not been subjected to abusive handling.
just prior to being tested,

For these tests, the test pilot was aware that a beacon signal was
being transmitted, Armed with this foreknowledge, he would naturally make a special
effort to listen for the signal, This could be expected to provide greater detec-
tion ranges than would be obtained otherwise, Also, for these tests, aircraft were
usually flown on radials from the beacon, At the time when range was recorded, the
aircraft heading was either directly toward or away from the beacon, The aircraft
receiving antenna pattern is far from being truly omnidirectional, and detection
ranges obtained in such tests could be expected to differ from those obtained by
aircraft whose courses are oriented in random fashions relative to the beacon, e.g.,
when the beacon is to the aircraft's starboard, A study would have to be made of
the aircraft receiving antenna patterns for each aircraft installation to determine
if ranges greater or less than those obtained in these tests would be obtained with
the aircraft flying with other orientations,

2.2,4 Airborne Equipment Study and Evaluation

Laboratory evaluations and flight tests were made as part of this
study, These are reported in Section 4,2, These tests included study and evalua-
tion of the ARC-27 and ARC-52 guard receivers, and of maintenance, checkout, and
operational procedures which are followed in the electronic shops and by test
pilots at NAVAIRTESTCEN,

3% CONCLUSIONS AND RECOMMENDATIONS
Conclusions and recommendations are summarized following, Most of

these are expressed elsewhere in this report, but are collected here for the con-
venience of the reader, Also, discussion is provided in some instances to relieve
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the reader who has need for summary information only from searching the text,
Conclusions are listed first; related recommendations follow the conclusions,

One fact which can be stated without qualification as a result of
this study is that acute differences of opinion exist regarding radio rescue bea-
cons, even among those who are best acquainted with various aspects of the beacons
and their use, It follows that differences of opinion will exist regarding con-
clusions and recommendations outlined in this report. They are made, notwithstand-
ing, in the sincere hope that their presentation will be justified, if in no other way,
by the fact that they will stimulate discussion, study, and effort from which a
truly clear understanding - and most of all PROGRESS - will result,

3.1 Conclusions

1) Among Navy aircrewmen and operation-oriented personnel, there has been
a serious lack of confidence in radio rescue beacons, Much of this lack
of confidence remains, There are several reasons for this, It has con-
tributed to a lack of success of the beacons, Efforts are being made to
overcome these difficulties; improvements appear to be possible,

2) Small radio rescue beacons of the type investigated in this study, with
power output of approximately one-fourth watt of r-f energy, have the
capability of performing effectively as personnel locator devices, To
be effective, the units must be well designed and reliable, and must be
used by the survivor to maximum advantage, Equipments utilized for
search must also be used properly,

3) Calculations, tests, and reports indicate that worthwhile increases in
detection vange can be realized through modest modification of the em-
ergency channel aircraft receivers, and by utilization of a preamplifier
with older aircraft receiver designs., Additional study and flight test-
ing must be done to determine if such changes are feasible in these in-
stallations, and what improvement can be expected as the result of such
modifications in a number of operational aircraft.

4) For the immediate future, say for at least three years, there is little
possibility that changes can/will be made in radio rescue beacons and/
or aircraft systems which will make beacons effective enough to justify
disrarding of other survival equipments such as whistles, flashing
lights, mirrors, dye markers, and flares, It may be possible, in a few
years, to develop beacons to such a degree that almost all of the attention-
attracting devices which are required can be embodied in a single device,

Improvements in the effectiveness of beacons can be brought about only
through persistent effort, and by a process of continual evaluation,
This must begin with substantiation of the fact that beacons do operate
reliably, or with the development of better beacons if thorough study
shows that current beacon models are unreliable, Emphasis must be
placed upon training of personnel, careful analysis must be made of
field experience, and "feedback'" into beacon procurement channels must
be provided, Confidence in beacons will come only with demonstration
of their utility,

- 25 -



tJ

I
U

b3}

5)

6)

7)

8)

9)

Adjustments of the squelch controls in guard receivers in aircraft greatly
affect beacon detection range,

Training programs for ajircrewmen, survival equipment specialists, and elec-
tronics maintenance personnel need to be expanded., If beacons are to be
effective, all personnel who may become involved with them must be trained
so that they are thoroughly acquainted with the capabilities of these units
and with the techniques of using them, It is especially important that
potential users of beacons be trained well enough and made so thoroughly
familiar with beacons that they can use them under the adverse conditions
which exist in the survival situation,

Involvement of aircrewmen and other personnel to the maximum degree pos-
sible in training exercises and in checkout procedures related to beacons
will serve to continually remind these men of the importance of rescue
beacons, and of how these devices can contribute to saving their lives,

I1f rescue beacons are to be used to maximum advantage, greater receiver
sensitivity than is normally required for communications should be pro-
vided for their detection, This problem is aggrevated by the fact that
efficient antenna designs are not compatible with aerodynamic character-
istics required by high-performance aircraft, While it is true that in
~ost aircraft receivers the emergency channel is separate and distinct
from the communication channel, some vital parts such as antennas and
signal cables are shared with the communications receiver, Satisfactory
operation of the communication channel tends to assure aircrewman that
their emergency frequency receiver is also operating satisfactorily.

This is not necessarily true. Also, operating techniques which are quite
satisfactory for normal communication do not provide for optimum detection
range of the emergency beacons,

There is a tendency to consider radio rescue beacons to be

- expendable items which are to be procured wich economy as a prime con-

sideration - perhaps at the expense of quality, reliability, and per-
formance of the units, Such philosophy, combined with Government
procurement regulations which usuaily make procurement from the lowest
bidder mandatory, contributes to difficulties in development and pro-
curement of these units, High quality beacon units, properly used,
should greatly enhance the possibility of locating survivors in whom
hundreds of thousands of dollars - millions of dollars for more senior
officers - have been invested,

Although no specific data are available to support this conclusion, there
are definite indications that some disappointments in beacons have origi-
nated from unwarranted expectations,

Good detection range can be readily demonstrated when beacons are operated
properly, However, no beacon can be expected to operate when it is sub-
jected to conditions under which physical laws forbid its operation., For
instance, disappointment has been expressed because a signal from an
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10)

11)

automatically-actuated beacon was initially very strong, but was lost when
the beacon hit the water. Such performance must be expected, It is true
that beacons should be designed so that they can be put back into operation
by the survivor after they have been immersed, but unfavorable judgement
should not be passed on beacons unless it is definitely demonstrated that
they fail to revive even after proper action is taken in attempts to put
them back into operation,

Radio rescue beacons may be less effective today than they might have been
because of the development of new beacon models, It appears that develop-
ment of new beacons has been undertaken before existing designs were fully
evaluated, debugged, and understood,

This statement should not be taken solely as a reflection upon management
of the procurement program. One of the factors which has contributed to
this problem is the rapid progress which is being made in electronic
technologies and components., With a device such as a beacon, achievement
of the utmost in reliability, compact design and low power consumption
are of paramount importance if beacons are to be useful. The continual
development of new beacon models has resulted from the quest for beacons
which are sufficiently small and lightweight to be useful; the beacons
will not serve a useful purpose if they are too heavy and bulky,

The development of a reliable beacon with size, weight, and power output
characteristics of the PRC-63 should represent a reasonable '"resting
point" in the development of single-channel beacon units, Survival equip-
ment specialists, who have the responsibility of mounting the beacons on
the aircrewman and who must be concerned with details of ejection, egress,
and survival environments are in general agreement that the URC-10, RT-10,
and PRC-49B beacons are considerably heavier than is desired. It seems
likely that construction need not be limited to advanced techniques such
as the thick-film screen-and-fire techniques which are being utilized in
the PRC-63 design, By careful design, a suitable unit might be made by
utilization of conventional components,

Although it is suggested that the PRC-63 has characteristics which should
make it acceptable as a general purpose beacon for the next several years,
the need will continue for work on special units (such as the URC-64)
which must be developed, built,and evaluated in efforts to find the an-
swers to problems which arise in tactical situations, Examples are the
problems, such as utilization of beacons by the enemy to decoy search pi-
lots and the interference which exists on the emergency channel when only
one operating frequency is utilized, which have precipitated the develop-
ment of multi-channel units, While need for such special units may exist
in operational theaters, it appears likely that the need will continue
for a good, general-purpose, single-channel beacon for use over friendly
territory and for open-sea survivor locator use,

Complete responsibility for Navy radio beacon systems does not reside in
one authority, Radio rescue beacons must be treated as parts of complex
systems rather than as devices, The lack of vestment of overall cogni-
zance for these systems has hampered development and effective utilization
of beacons,
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Beacon "systems" are complex systems which require constant, undivided
attention from those whose authority should encompass all aspects of
the systems and their use, The effectiveness of the beacons is com-
promised if they are not treated as part of the "man-machine" system
of which the beacons, aircraft, electronic equipment in the aircraft,
and men involved in any way with the system are all vital parts, In
the past, liaison between those:who have responsibility for procure-
ment, service test/evaluation, and utilization of the beacons has not
been as close as is desirable, Consolidation of responsibility for
all phases of beacons and their use would appear to be the most ex- .
pedient solution to this problem, :

See Section 3,2,1.1 for related recommendations,

12) Additional study and evaluation of radio rescue beacon systems needs to
be done. Beyond a continuation of a reasonably intensive study such as
that outlined in Section 3,2.2, constant attention should be given to
beacon systems,

3.2 Recommendations

Recommendations made here regarding personal-type radio rescue bea-
cons and related devices result from consideration of operational requirements,
current and projected electronic state-of-the-art, and information supplied by
operation-oriented Navy personnel and survival equipment specialists., The recom-
mendations are separated into two general categories, In the first (Section 3.2,1)
are those which can be made with some reasonable degree of confidence as a result
of observations made in the course of the study reported here, even though it is
recognized that additional study may be neczssary before final judgement can be
made, In those cases where it is recognized that additional study is required, a
note is usually made to that effect,

In the second category (Section 3,2,2) are recommendations which out-
line subjects which must be considered in greater depth than has been possible in
this preliminary study. This study showed that there are many facets of the prob-
lem which need to be studied in much greater depth and breadth,

Excluded are comprehensive recommendations relating to utilization
of these devices in jungle environments, There is a good possibility that experi-
ence being gained in Viet Nam and from studies now underway will indicate that
greater power output than that recommended here should be provided. There is re-
luctance to recommend that beacons be made with greater power output until it is
established by field test and experience that greater power output is definitely
required. Barring unpredicted improvements which may be made possible by employ-
ment of advanced technologies, increase in power output will be accompanied by in-
creases of size and weight of the beacons., At this time, it appears that reliable
beacons of more than nominal 250 to 350 mw power output cannot be made without the
unit becoming too large and too heavy to be mounted on the aircrewman's person,
The requirement for man-mounting appears to be a critical one,
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Recommendations offered following are not made with the suggestion
that none of the things recommended are now being done. There is the hope that in-
clusion in this report of such recommendations which have come from several sources
will provide some confirmation of the need for existing efforts,

3.2.1 Recommendations Resulting from This Study

3.2.1,1 Survival Radio Beacon System Program Management

3.2,1.1.1 Beacon System Authority (See Section 3,1, #11)

In view of the fact that survivor locator devices must be considered
as parts of systems, rather than as individual components, it is recommended that
complete overall responsibility for the entire U. S, Navy radio rescue beacon effort
be assigned to a single authority, To be effective, those responsible for beacons
must have direct control over (or respected inputs into) all phases of the Navy
program, Inasmuch as possible, there should be cooperation with other U, S. mili-
tary services and civilian authorities, and an awareness of foreign developments,

I1f establishment of a permanent central authority like that recom-
mended here is not feasible, utilization of a temporary '"task force" would serve
a useful purpose, The important factor is that any such group must deal with all
phases of the beacon problem, Close liaison must be maintained between producers
and users, Good "feedback" must be provided from users to planners, designers,
and manufacturers,

3,2.1.1,2 Province of Beacon System Authority

It is recommended that responsibilities of the beacon system authority
include those listed following, Some of these functions may best be accomplished
through existing Navy groups.

1) Overall program planning

Such planning should be directed toward standardization (equipments,
modulation tone, batteries, etc, ) and stabilization of beacon development programs,

2) New general-purpose beacon equipment specification and development

Except for special-purpose beacons, design of completely new beacons
of more advanced design than a successful beacon of the general capabilities of the
PRC-63 should be delayed until complete evaluation of that beacon and thorough study
of beacon needs have been completed. Any development program should include com-
plete flight and environmental tests and evaluation by service-orien:ed groups such
as the Aeromedical Branch, NAVAIRTESTCEN, Patuxent River,

3) Procurement of beacons

4) Training

Training information and material should be prepared and disseminated,
through established channels where possible, to all potential users of beacons, to
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aircrewmen who participate in search efforts, and to those who adjust and maintain
beacons and airborne radio equipment,

5) Laboratory test and evaluation of beacons

6) Field test and evaluation of beacons

7) Design and procurement of special auxiliary and test equipments

8) Operational theater evaluation and trouble reporting system

When failures or suspected failures occur, accurate detailed informa-
tion relating to the cause of the trouble must be obtained. Equipments must be ex-
amined and tested to determine the exact nature of the difficulty, This could be
accomplished at electronic repair stations in the field, commercial laboratories,
beacon manufacturer facilities, or through joint efforts of all such groups,

3.2.1,1.3 Beacon Procurement

It is recommended that if at all possible, detailed manufacturing
specifications be developed for general-purpose beacons which are to be produced in
quantity, In addition to providing beacons which are more nearly consistent in
quality and characteristics, utilization of such specifications should remove some
of the dangers inherent in purchase, from lowest bidders, of equipments specified
mainly in terms of performance characteristics,

3.2,1.2 Radioc Beacon Units and Their Utilization

The following general recommendations are made concerning character-
istics of general-purpose beacon units of this type; they do not relate to larger
beacons of the type utilized with multi-place life rafts,

3,2.1.2,1 Specifications-General Purpose Beacon

The following listing of general characteristics has been compiled
from suggestions made by several individuals and reports, Most of the features
listed appear to be realizable, i.e., they are not "infinite range with infinites-
imal size and weight'" concepts, These characteristics are offered as a check list
and possible starting point from which standardization might begin,

It 18 realized that implementation of some of these characteristics
might not be accomplished without much design and development effort. Much greater
detail must be developed before this listing would begin to resemble specifications,
Beyond that, finalization of meaningful specifications can come only after extensive
review and modification by survival equipment specialists, by those responsible for
beacon procurement, and by those experienced in all phases of beacon design and pro-
duction, The desirability of several of the characteristics listed has been empha-
sized by difficulties which have existed with other beacon models,

- 30 -



—

o

P ST
.

» It is obvious that design of a unit which meets all of these require-
ments may not be feasible, However, it seems certain that it is possible to design
and manufacture beacon units which come reasonably close to meeting most of these
requirements, For instance, the PRC-63 radio rescue beacon specification lists
most of the requirements outlined here, It may not be possible to provide some of
these capabilities with state-of-the-art techniques, However, beacon units must
come close to meeting these requirements, especially limits on size and weight, if
they are to be as useful as they should be,

Power output: Minimum 250 mw on beacon and 100 mw nominal on voice operation,
Rated power to be supplied to antenna at frequency specified.

Note: Search and rescue specialists are of the opinion that
operational beacon systems should have a minimum range of 25
to 30 miles. Any specification of beacon ''range" is, at best,
only an attempt to reduce detailed system parameters to a
meaningful form,

Calculations and field tests made in the course of this
study indicate that detection ranges of 25 to 30 miles should
be obtained with beacons having characteristics specified here,
Even if reliable beacons are produced, there is no assurance
that any beacon will provide the detection range of which it
is capable unless beacon and receiving equipments are main-
tained and used properly and to maximum advantage., This is
discussed in Section 2,2,2,1.

It must be understood, also, that a general statement of
power output such as is made here provides only a very general
idea of the capability of the beacon, If specification of power
output is to be truly descriptive, complete detail must be given
as to characteristics of the signal and of the way power output
is measured.

Output frequency: 243 mc + 7,29 kc (+,0037%)

Beacon modulation characteristics: Swept tone; sweep rate 2 to 3 per second; tone
1000 cps to 300 cps; carrier "on" for 20-307% of modulating tone cycle. (See Figure
3.,2,1.2,1-1 for detail),

Note: This is the modulation pattern upon which U, S, military
services are standardizing, and is that provided by the PRC-63
.beacon, The audible manifestation of this signal is a dis-
tinctive "squawk' which is well suited for audible detection.
However, it does not lend itself readily to automated recogni-
tion, which may be of interest in the future, It is recommended
that additional study be made - preferably by those intimately
acquainted with receiver and ADF system performance - to assure
that the beacon output specified here is totally compatible with
at least ARC-27, ARC-52, ARC-51, ASQ-17, ASQ-19, and ARA-25
equipments, (See Section 3,.2.2).
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Weight: Sixteen ounces, maximum, including battery,

Overall dimensions: Advanced designs of beacon/transceiver units to be 1" x
2,25" x 3,5", maximum, including battery, The retracted antenna is included
in these dimensions, This form factor should be retained unless units are de-
veloped which are significantly smaller than the dimensions specified.

The PRC-63 beacon, which appears to be acceptable (to Navy sur-
vival equipment specialists) with respect to its size, but which does not rep-
resent the ultimate desired in miniaturization, may be cited for comparison
with the design goals specified above, The version of this beacon which uti-
lizes a whip antenna measures 1 5/16" x 2 7/8" x 4 5/16" (1.32" x 2,88" x
4,32"), exclusive of antenna, Maximum dimensions of 1,3" x 3,3" x 4.,5" inches
were specified in MIL-R-23959, 1 March, 1966 (Radio Set AN/PRC-63),

Beacon/transceiver capability: Units should be designed to provide both bea-
con (distress signal) and voice (transceiver) capability,

Physical design: Modular subassemblies should be utilized to facilitate re-
pair by replacement of modules in aircraft carrier and airfield electronic
shops, MIL-spec type construction practices should be followed to provide

a rugged unit which is resistant to physical shock., Provision should be made
for attaching a retaining lanyard to the beacon case,

Activation: Manual control, with provision for automatic actuation of beacon
distress signal, Selection of automatic actuation option is to be made before
aircraft takeoff by attaching the actuating lanyard to parachute or aircraft
structures, When so attached, the lanyard should turn the beacon on regard-
less of how the POWER-ON/OFF switch is set, Manual controls are to be capable
of assuming control after automatic actuation, i,e,, power can be turned off
manually or voice option put into operation subsequent to automatic actuation,

Indicators: Audible ''sidetone'" output to be provided to indicate generation
of r-f energy when the unit is transmitting the beacon distress signal, There
appears to be a general preference for audible over visible indication,

Controls: Beacon units must be easy to operate, and functions of controls must

be easily interpreted, Controls listed following are simple, yet adequately
perform all functions required, The PRC-63 has controls described here,

1) POWER; ON/OFF

When this control is in the ON position, the beacon signal
is transmitted, Operation of other controls is not neces-
sary to initiate operation,
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2) VOICE; TRANSMIT/RECEIVE

With the POWER switch ON, the unit transmits the distress bea-
con signal until the TRANSMIT VOICE or RECEIVE VOICE controls
are actuated, Accomplishment of these functions with a single,
neutral-position control such as is used in the PRC-63 appears
to be desirable,

3) VOLUME

This control is used to adjust audible output of the "speaker"
when it presents the sidetone output in the "beacon" mode, and
audio output when the unit is operating in the RECEIVE VOICE
mode, Adjustment of this control should not affect the unit's
operation in the TRANSMIT VOICE mode.

Operational characteristics: In addition to operating at altitudes of 70,000 feet
in the beacon mode and 10,000 feet in the voice transmit and receive mode, the bea-
con must operate when it is dried off after being immersed in fresh or salt water
after surface water has been removed by natural drying, wiping, slinging, etc, In
tests for compliance with this requirement, the unit should be immersed immediately
after it undergoes pressure-change profiles corresponding to those experienced when
the beacon 1s in its normal environment while airborne, followed by ejection at
high altitudes, and descent at nominal parachute descent rates, Such tests should
be made to insure that air leakage does not cause water to be sucked into the case
after the beacon has equilibrated at low pressures existing at high altitudes,

Self-protective circuit design: Beacons should be designed so that short-circuiting
of the antenna or immersion in salt water while the transmitter is operating does
not cause permanent damage to its electronic components,

Battery: All batteries should be self-contained in the beacon case, i.e., not pen-
dent or attached by cable, Standardization of batteries, so that one size battery
can be used in all types of beacons, is highly desirable,

Antenna: One-fourth wavelength, or less, integral with the beacon case so that no
assembly or changing of connectors is required to put the beacon unit into service;
self-supporting,

Note: Special external antennas, such as the directional an-
tenna mentioned elsewhere in this report, may require manual
manipulation, However, the beacon must be equipped with a
self-contained antenna so that it is not dependent upon sep-
arate antennas,

R-f output jack: An r-f output connector should be provided for connection of ex-
ternal test cables or special external antenna assemblies, Extension of integral
extensible antennas should switch power to the built-in antenna, Where possible,
the r-f switching network should be designed so that it is fail-safe, i,e,, failure
of the switch in the most probable failure mode(s) should result in application of
power to the extensible built-in antenna, rather than to the r-f output connector,
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Operating instructions: Complete operating instructions must be supplied on the
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beacon case, Special effort must be made to provide instructions which are complete
and effective,

For future consideration: Consideration should be given to development of a device
which will serve effectively as a general-purpose survivor locator device, Such a
device merits consideration even though it may at first appear to represent an at-
tempt to mimic the well-known Swiss army knife, Some combination units are already
in existence, but they have not been put into widespread use, The device would be
a radio beacon unit to which other features have been added, Examples of ideas
which should be considered are listed following:

1) Construct the radio beacon case so that one of its sides serves as a re-
flector (mirror) with which the aircrewman can attract attention, This
feature is already available on some radio beacons, e.g.,, The American
Electronics Laboratories Life Beacon, Some mechanical arrangement could
be made to provide a reflecting surface larger than one side of the case.

2) A whistle cavity as part of the case,

3) When/if technology can provide such a capability in a case acceptable in
size, provide a flashing light in the same case with the beacon/transceiver,
The ACR-TB 4D beacon/light unit which is now available measures only 1 1/8"
x 27/8" x 51/2", and may prove to be a forerunner of general-purpose sur-
vivor locator devices.

4) Provision should be made on the beacon case for critical maintenance and
test records., Examples: Battery replaced;: Date; Last operational
check: Date,

5) The possibility of utilizing an audio modulation signal which can be easily
detected automatically, as well as audibly, should be considered, A system
which utilizes automatic detection circuits would relieve the pilot of the
annoyance of having to listen for beacon signals amidst noise.

3.2,1,2.2 Beacon Mounting on Aircrewmen

One radio beacon unit (beacon plus transceiver) should be supplied to
each aircrewman, It should be securely attached to his garments in a retaining
pocket and, in addition, with a lanyard which will keep it captive to him, If it
is at all possible for the aircrewman to refrain from doing so, he should not de-
tach the lanyard from his clothing when he is in a survival situation. If possible,
the lanyard should be distinguishable, under toth day and night conditions, from
parachute shroud lines., The intent of this is to reduce the possibility of the
lanyard being cut unintentionally,

The beacon should be attached to his clothing at a location where it
can be reached and put into operation with either hand with the life vest inflated,
and where it will be available to the aircrewman throughout all phases of aircraft
evacuation and survival including after 'coming out clean'" after evacuating via
ejection seat,
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When the beacon is used without removing it from its retaining pocket
the antenna, including the point at which it is "fed", must be completely out of the
water when it is operated, For any mounting in which the antenna is close to the
aircrewman's body or to the ejection seat, seat pan, or other metallic object, bea-
con field strength measurements should be made to determine to what extent the out-
put signal is affected.

The mounting location should be selected so that the beacon can be
completely actuated automatically (power turned on and the antenna extended, if
necessary) either by the parachute risers or upon separation of the ejection seat
from the aircraft,

3.2,1.2.3 Aircrewmen Training in Beacon Utilization

It is recommended that special emphasis be placed upon training of all
Navy personnel who maintain and who keep survival equipment in a condition of read-
iness, who may need to use radio rescue beacons to effect their location and rescue,
or who may participate in search and rescue activities, All men who may become in-
volved with beacons in any of these ways should be especially aware of the impor-
tance and capabilities of radio rescue beacon units, and should be thoroughly
trained in their use. Emphasis should be placed upon beacons in training programs.
Training should include familiarization with beacons, instruction in the utilization
of beacons (as outlined in Section 3,2,1.2.4), and practice sessions in which air-
crewmen are trained to retrieve beacons from seat packs under adverse conditions, to
put them into operation, and to utilize them properly., Aircrewmen should be suffi-
ciently familiar with these beacons to enable them to operate the beacons in the
dark without the aid of lights of any sort,

3.2.1,2.4 Beacon Utilization

Recommendations listed following relate to utilization of beacons, and
are provided so that they might be included in training and instruction material,
Several can be implemented by operational units of the U, S. Navy, and require no
modification of equipment, Compliance with these recommendations should substantially
improve the likelihood that survivors who utilize operative radio rescue beacons will
be located by searchers, It must be recognized that there will be exceptions to these
recommendations, An effort has been made to make suggestions which will offer advan-
tages in most operational situations, Recommendations made here should be followed
as closely as possible except in those instances in which it can be definitely estab-
lished that better operation is obtained by techniques differing from those recom-
mended. In cases where the survivor is using his beacon and is in direct communica-
tion with another party, they can guide him as to when the best results are being
obtained.

These recommendations represent what are believed to be the best com-
promises for beacons equipped with 1/4-wavelength "whip' antennas, These antennas
are approximately one foot long for beacons which operate on the 243 mc emergency
frequency., The shape of the field strength pattern of a beacon operating at this
frequency is affected by a number of factors, Changes of a few inches in position’
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relative to the surface of the water and to nearby objects, and changes of a
few degrees in orientation of the beacons may cause pronounced changes in the
antenna pattern, Consequently, results will sometimes be obtained which will
appear to - and which indeed do - contradict recommendations made here.

Recommendations number one, two, and three relate to rather basic
radio propagation and physical phenomena, Many users of these beacons may be
well acquainted with these facts, The recommendations are made nevertheless
because they are vital if optimum results are to be obtained, Users must keep
these factors in mind, Such instructions are not provided on the URC-10,
PRC-49, and RT-10 radio beacons; it is probably realistic to assume that some
users may not be aware of them,

1) Orientation of beacon antenna

When a beacon unit which has a "whip" antenna is operated in
either the beacon or voice mode, it should be held so that the antenna is
pointed as nearly vertical as possible unless radio contact has been made,
and occupants of the aircraft state that best results are obtained with a
different orientation, The beacon antenna should not be pointed in the di-
rection of the searching aircraft,

Exception: When communicating with aircraft searching
or hovering nearly overhead (at an angle greater than
about 60° above the horizon), better results will usu-
ally be obtained if the beacon is held on the side of
the user facing the rescue aircraft with the antenna
tipped back so as to avoid pointing it at the aircraft,

When operating the unit as a transceiver, it is necessary that
the user hold the beacon unit to either his mouth or ear when using the
microphone/earphone, As is true when the unit is operated as a beacon, the
user should hold it so that the "whip'" antenna is pointed as nearly straight
up as possible,

As far as propagation of radio frequency energy is concerned,
holding the beacon with the antenna vertical at a position elecvated above the
water's surface is also satisfactory, and when done properly may prove bene=~
ficial, However, the user will grow tired after holding the beacon in such
a manner for an extended period unless he has available some sort of mast or
supporting structure on which to mount the beacon, It is doubtful that ad-
vantages realized by holding the beacon by hand as high as possible above the
surface of the land or water would justify the extra expenditure of energy by
the survivor, provided recommendations made in following paragraphs are
followed,
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Metallic objects placed in the vicinity of the beacon can be used to
advantage when properly spaced. However, the user should remember that the presence
of metal objects more than about 6 inches long near the beacon may reduce the trans-
mitter signal strength,

2) Location of beacon relative to the user's body

When the survivor chooses (or is forced) to use the beacon in such a
way that part of his body extends above the beacon antenna, and should he know where
those who search for him are located, he should hold the beacon between his body and -
the searcher.

This recommendation results from the fact that the salt content of the’
blood is sufficient (approximately 47%) to make the body a reasonably effective ab-
sorber of energy at the radio frequency (243 mc) employed for these emergency commu-
nications. When the body is interposed, a range of about half that obtained without
interference of the body is typical, Tests show that the body also acts as a reflec-
tor to a degree, and may cause the signal to be enhanced somewhat in one direction,

In many cases, survivors will have knowledge of the direction in which
friendly monitoring facilities are most likely to be located., They will often know
the general location of the home base or ship, or may hear planes searching for
them, In such cases, they will hold the beacon between their bodies and the search
plane, and keep the beacon antenna vertical,

It should be remembered also that knowledge of the fact that the body
attenuates the beacon signal may be used to advantage when the pilot knows where
the enemy is wost likely to be, He might like to reduce the strength of the signal
in that direction. He can do this by interposing his body between the beacon and
unfriendly listeners,

3) General recommendations relating to beacon utilization

Do not allow any object to touch the beacon antenna, Small "transis-
torized" beacons are not likely to cause injury to the user by electrical shock,
but their performance will be degraded by contact with the body or with fabric which
has been saturated with salt water,

Keep the antenna insulators as dry as possible, Dry by wiping, blow-
ing, or slinging accumulations of water from the antenna insulator and assembly,

Alvays extend whip antennas on transmitters to their full length,
This is extremely important if maximum efficiency is to be obtained,

4) Periodic equipment checks

Radio beacons which are packed in survival kits and which are carried
as personal equipment should be checked and examined regularly to assure that beacons
and batteries are intact,
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5) Periodic operational tests

Beacons should be tested (by being operated for short periods of time)
at regular intervals to assure that they are in good working condition, To the ex-
tent possible, aircrewmen who may have to use the beacons should participate in these
tests, at least until they become thoroughly familiar with them, In the absence of
special auxiliary test equipment, cursory testing such as turning the beacons on in
a location which is shielded (to r-f energy) and determining if their signal can be
picked up with a receiver is to be much preferred over no test at all,

6) Battery replacement

Batteries which have not been utilized in an emergency should be re-
placed at regular intervals, and old batteries should be either discarded or used
in non-critical applications., Batteries which are used in any emergency should,
in like manner, be replaced by fresh batteries.

Good battery replacement criteria cannot be specified without detailed
knowledge of the environment in which beacons and batteries are stored, and without
the benefit of service experience. If those who are responsible for beacon mainte-
nance do not have previous experience with these batteries under the conditions in
which they must be stored, replacement of mercury batteries yearly and dry-cell bat-
teries at six-month intervals is recommended. This suggestion should be disregarded
if experience has shown that batteries do not last this long in the particular en-
vironment in which they must be kept, e,g.,, in hot environments in aircraft cockpits,

It should be emphasized that measurement of terminal voltage of mercury
cells and nickel-cadmium batterjes does not provide an accurate indication of the
amount of energy stored in the batteries, even though the measurement is made when
the battery is under load, The characteristics of these batteries are such that
rated output voltage is maintained throughout the discharge cycle until the battery
is nearly exhausted, Terminal voltage drops very rapidly as these batteries near
the discharge condition, Terminal voltage measurements are useful, however, for the
detection of "dead" batteries and cells,

7) Storage of replacement batteries

When suitable facilities are available, replacement batteries should
be stored in refrigerated environments, Food storage facilities (including deep-
freeze lockers) are suitable. The rate of deterioration decreases as the storage
temperature is lowered, Temperatures as low as -20°F will not harm mercury, '"dry"
(zinc-manganese dioxide), or nickel-cadmium cells regardless of their state of
charge, In many instances, even lower temperatures can be tolerated by the cells,
They must be returned to operating temperature before they will function, but this
should be no problem for this application,

Often, the fact that batteries are perishable items is not fully ap-
preciated, Conservation of batteries is especially important because good tests
for determining their true condition are not available, The extension of shelf life
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which can be realized by keeping "dry" batteries refrigerated appears to be well
worthwhile, especially for applications as critical as beacon power supplies, Shelf
life is dependent on quality of manufacture, cell size, and cell formation as well
as upon storage temperature, Commercial flashlight size zinc-manganese dioxide dry
(Leclanch€) cells stored at 113°F for 3 months retain only approximately 60 per cent
of the energy initially stored in them, The same cell stored at 70°F for the same
time can be expected to retain approximately 97 per cent of its initial capacity,
Batteries stored with beacons in aircraft which are normally parked in direct sun-
light in hot climates may often reach temperatures of 113°F or higher, and rapid de-
terioration of dry batteries can be expected. Mercury batteries have better shelf-
life characteristics than dry cells, but do deteriorate in similar fashion,

3.2.1.2.5 Improvements in Beacon Units

Recommendations relating to improvements in beacon units are included
in Section 3,2,1.2.1 in which general-purpose beacon specifications are outlined,
These will not be repeated here, It is important that special continuing attention
be given to the following major aspects of beacon design, These may not be immedi-
ately obvious from a review of the specifications:

1) It is desirable that beacons be smaller and lighter than the PRC-49B,
URC-10, and RT-10 beacons,

2) Special efforts should be made to produce reliable beacon units, Com-
plaints about the lack of reliability of radio rescue beacons have been
widespread, It appears that beacon problems have been aggrevated by
other factors such as non-optimum maintenance and utilization, and by
lack of sufficiently thorough indoctrination of aircrewmen, Some data
are available to indicate what some of the problems have been, However,
enough data were not obtained in the course of this study to facilitate
pinpointing of specific problems relating to reliability, Additional
data must be reviewed before sound conclusions can be drawn,

A program in which such data are collected and analyzed is recommended
as one of the first steps in any continued study of radio rescue beacons, The fact
that there is dissatisfaction (with results being obtained with beacons) among Navy,
Air Force, and Coast Guard service and civilian personnel speaks of a problem'which
must be given careful attention, A program of additional studyis outlined in sub-
sequent sections of this report,

3.2,1.3 Airborne Equipments and their Utilization

These recommendations relate to maintenance, adjustment, utilizationm,
and modification of airborne equipments, These equipments are vital parts of sur-
vivor locator systems, Suggestions one through three can be implemented in opera-
tional units of the U, S. Navy without modification of aircraft equipment, and should
provide substantial increase in beacon signal detection capability,
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1) Receiver squelch control adjustment (Bench or flight line
adjustment)

In all aircraft receivers on which such bench adjustment can be made,
squelch circuit controls should be set so that cockpit console control(s) can
"unsquelch" the guard channel receivers, or other receivers if they are to be used
to monitor the emergency frequency. When bench adjustments are made in this way
the pilot can, when he wishes, adjust controls on his console and listen for very
weak signals which can be readily heard, but which will not themselves unsquelch
the receiver,

Sensitivity checks of the guard receiver should be conducted as il-
lustrated in Figure 4,2,2-1, Guard receivers which are operating properly should
easily comply with this test, It will do much to provide assurance that guard re-
celvers are operating to the limit of their capability,

2) Emergency frequency monitoring techniques, tactical aircraft
(Receivers which pilot can unsquelch with console controls)

Prior to taking off on every mission during which there is the pos-
sibility that rescue beacon signals may be heard, the pilot should check his emer-
gency channel receiver to insure that he can cause the receiver to break squelch
when no signal is being received, After he is airborne, he should adjust his
squelch control so that ncise is present in his headset, adjust the sensitivity
control for comfortable noise level, then readjust the squelch control so that oc-
casional noise bursts are heard., This adjustment should be made very carefully,
and readjustment should be made as often as possible during the flight to accom-
modate to changes in ambient radio-frequency noise levels and to changes in squelch
level which result from thorough warm-up of the receiver. Pilots should be made
aware that on some radio equipments, changes of only a few degrees in console con-
trol rotation will make a difference of many miles in beacon detection range.

Throughout the period that he is airborne, the pilot should override
the squelch of his receiver as often and for as long as possible, and listen for
the emergency '"beep'" signal in the background noise, During these periods, dis-
comforts and distractions caused by noise in the headphones may be relieved in
some measure by proper adjustment of the receiver audio level.

3) Utilization of existing facilities for emergency channel monitoring

Communications relay aircraft, picket ships, patrol craft, and all other
suitable facilities which are currently operating in or near cowubat zones or where
survivors might be located should be utilized to the greatest extent possible to pro-
vide better coverage of combat areas, Specifically, it is recommended that in each
such facility where possible, a receiver which can be kept unsquelched should be
kept tuned to the emergency frequency of 243 mc, A crewman should be assigned the
responsibility of listening for the emergency "beep" in the receiver noise, This
assignment will be very fatiguing to the men who stand these watches, Howevsr, im-
plementation of such a practice and utilization of improved operating proceiures rec-
ommended here should provide better coverage, Such coverage would be especially use-
ful when air strikes are being made or when accounting has not been made for all men
who have been lost and who are known to have radio beacons in their possession.
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4) Receiver modification

Receiver installations which do not allow the pilot to control squelch
sensitivity of the guard band receiver from the cockpit as suggested in earlier rec-
ommendations should be modified to provide that capability,

5) Checkout of aircraft receiver systems

This is mentioned here because it involves airborne equipment, Check-
out of entire systems, not just the receivers, is involved, Discussion is presented
in Section 3,2,1.4.3 because implementation of this recommendation will probably in-
volve development of procedures not now in common use,

3.2.1.4 Auxiliary Equipments; Test Equipment

The need and/or desirability of several innovations, techniques, and
test equipments has become apparent as this study has progressed, Some of these
are discussed in this section of the report.

3.2,1.,4.1 Beacon Checkout Facility

A need exists for a beacon checkout facility with which quick, mean-
ingful checkout of beacons can be readily accomplished. Tests made frequently-
preferably before each flight-would be much more indicative of the true condition
of the beacon than cursory tests such as listening for a '"'sidetone" output from the
beacon or turning the beacon on briefly to determine if it can be "heard" on radio
receivers, Such tests give only very gross indications of the beacons' true
capabilities,

Ideally, no electrical connection at all should be made to the beacon
antenna when performing these tests., At the frequencies at which these beacons oper-
ate, the characteristics of the beacon will be altered appreciably by the attachment
of leads to the antenna, Unless special techniques are utilized, measurements made
by techniques which require attachment of leads to the antenna will likely not pro-
vide a true indication of power radiated when the beacon is ueed under operational
conditions, These comments are not to suggest that acceptable techniques requiring
electrical connection to the beacon cannot be developed; there should be an awareness
of problems related to development of such a test device, however,

It should be emphasized that it is recognized that development of such
a checkout facility in a manageable form is "easier said than done". The device de-
scribed following would necessarily be quite large, The fact remains that there ap-
pears to be a genuine need for devices with characteristics outlined following, es-
pecially at manufacturing plants and repair depots, Additional study and development
outlined later in this report may eventually show the way to a more practical solu-
tion than the device described here,

1) The test set should accommodate all beacons of the PRC-49/URC-10/PRC-63
class, including those beacons which are not equipped with test jacks,
receptacles, or provision for providing r-f power from a coaxial cable
jack,
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2) The test set should provide a true indication of r-f energy radiation
at the emergency frequency under operational conditions., This implies
operation with the antenna in its operating configuration,

3) While beacons are being tested, leakage of r-f energy to the outside
must be minimized, Signals radiated during test must be kept at a
low level so that they are not mistaken as signalling a real emer-
gency and do not mask weak emergency signals,

These characteristics suggest a checkout facility of which an es-
seatial part is an enclosure which restricts the escape of r-f energy and which
is lined with r-f absorptive material, A pickup probe, tuned and calibrated am-
plifier, and indicating Jevice must also be provided,

Test sets considerably less complex than that suggested here are
bzing developed under sponsorship of the U, S, Air Force, The T906 unit is in-
tended for use in aligning and adjusting beacons, The 2531/UR is a 'go/no-go"
tester designed to be used by pilots and by those responsible for personal
equipment,

3.2,1,4,2 Directional Antenna for Use with Beacons

As part of this study, some tests were run to determine if advan-
tages in detection range might be realized by using directional antennas with
such transmitters, These tests are reported in detail in Section 4,1.3 of this
report, Development of a practical directional antenna was not a goal of this
study, but enough tests were made to support a recommendation that the possibil-
ity of using directional antennas should be considered. Such antennas would be
supplied in addition to the whip antennas with which the beacons are normally
fitted, They would attach to the beacon as a ''clip-on" feature or be provided
with a coaxial feed line which could be attached by connector to an r-f output
jack on the beacon case,

The following facts are presented to substantiate this recommendation:

1) Tests indicate that detection range could be increased in one direction
and decreased in the opposite direction when a directional antenna is
utilized,

2) It appears that the increase in range made possible by a directional
antenna would be worthwhile, If it is determined, as more experience
is gained, that range in excess of the minimum required of beacons
can be obtained without the directional antenna, the antenna could
still be used to advantage because it would make possible attainment
of the same range with a smaller beacon,
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3) Problems encountered in utilization of these beacons in tactical situations
such as those existing in Viet Nam suggest a need for the ability to direct
the signals radiated by these beacons, It is often desirable that signal
strength be attenuated in selected directions to reduce the possibility
that the beacon signal will be detected by enemy forces who then utilize
the signal to guide them to the survivor, The directive antenna provides
the capability for increasing the signal strength in the direction desired,
and for limiting it where it is desirable that it not be heard,

4) 1In survival situations, there are often clues which indicate how a direc-
tional antenna should be used, Cases have been reported in which survivors,
who were eventually located by means other than radio beacons, had seen
and/or heard aircraft searching for them, However, the signals from the
radio beacons they were using were not heard by the searchers, Even if
they do not see or hear the searcher, survivors often know the direction
in which their base ship or friendly monitoring stations lie, In these
cases, directional antennas may make the difference between success and
failure of the search and rescue mission,

5) The additional range provided by directional antennas may be useful in
open-sea survival situations even though the survivor does not know which
way to direct the antenna, In this case, it could be rotated slowly so as
to provide additional range in all directions., Another advantage, which
is recognized by those who have studied the psychology of survival, is pro-
vided by such an arrangement, It is very important that the survivor be
kept busy while he awaits rescue, and that his hope be kept alive,

6) A practical directional antenna design which is suitable for this applica-
tion appears to be possible. One attractive possibility is that of a
folding plastic device which resembles a flat pillow by which conducting
patterns for the directional antenna configuration could be supported.
Such a device could be inflated by mouth,

3.2,1,4,3 Checkout of Aircraft Receiver Systems

It is recommended that provision be made for preflight checkout of
aircraft receiver systems, Such a checkout should provide an indication of the
ability of the aircraft to detect beacon signals, If manpower and time cannot be
made available for regular checkout before search missions, tests should be made
at frequent intervals as parts of routine maintenance procedures, Implementation
of this suggestion will probably entail utilization of special test equipment,

This recommendation is made because aircraft receiver system deterio-
ration which may preclude the reception of relatively weak signals may go undetected
if such tests are not made. Bench checks of receivers provide indications of their
sensitivities, but other parts of the receiver system which serve equally vital
functions may go without being evaluated regularly. Antenna assemblies and coaxial
cabling systems (especially connectors) may attenuate signals very severely, yet
the difficulty may go without being noticed because the systems perform satisfacto-
rily their primary function of voice communication, Transmitters which produce many
times more power than is produced by rescue beacons are utilized for communications,
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A check made by Aeromedical personnel at Patuxent River showed that some operational
aircraft had as many as four or five coaxial connectors in series between the air-
craft antenna and the receiver input jack, and that very long cables are used in
some aircraft, Coaxial connectors are often the source of trouble; their perform-
ance is rather readily degraded by corrosion, oxidation, and by mechanical damage.

At the present time, such checkout is often done just before takeoff,
and consists mainly of the pilot's operating his radio equipment to determine if he
can communicate with the control tower, Prior to missions on which there is high
probability that equipment will be utilized for listening for radio rescue beacon
signals, some check should be made to determine if weak signals can be detected by
the radio, One technique which has been used to perform such tests involves carry-
ing a small, variable-power transmitter about in the vicinity of parked aircraft,
and determining along what bearings and at what distances from the aircraft the sig-
nal can be detected, This technique provides some indication of the sensitivity of
aircraft receivers, but offers no provision for taking into account the effects of
reflection of radio signals from metal or reinforced concrete decks, metallic super-
structures, and shielding and/or reflection of the signal by parts of the aircraft,

Sufficient tests were not run, as part of the study reported here, to
make recommendations as to how such tests can be best performed, A simple solution
appears to be rather difficult, Such tests might be made with a relatively simple
system which can provide known field strength at the receiving antenna, Utilization
of a variable-power transmitter in conjunction with a field-strength indicator
(sensing antenna with indicating meter) which could be placed in the immediate vi-
cinity of the receiving antenna on the aircraft is one possibility, With such a
system, the transmitter power output would be increased until the beacon was heard
on the aircraft radio, The sensitivity of the receiving system would then be deter-
mined by reading the indicator connected to the sensing antenna, Such an antenna
should be one which provides maximum output when intercepting an electromagnetic
field like that radiated by the beacon., Such a system could probably be made to
comply with the requirement that radiation of signals at the emergency frequency be
kept to a minimum, Utilization of modulations which could be easily distinguished
from those used by the emergency beacons, but to which the receivers would react in
a manner similar to that in which they respond to the beacons, may be an answer to
this problem, For less frequent checkout, the systems may be evaluated by discon-
necting antenna assemblies and feeding signals into the coaxial cable termination
to determine how much attenuation is imposed by cabling and connectors,

3.2.2 Recommendations for Additional Study of Radio Rescue Beacon Systems

The study reported here has encompassed several subjects which relate
to radio rescue beacon systems, but in minimal depth, Some problems have been found
to exist, and recommendations have been made which should provide easement of some
of them, Among other things, the study has provided an awareness that many of the
problems relating to radio rescue beacon systems are difficult to assess, There is
need for additional study to provide greater insight, and to provide answers to prob-
lems for which solutions must be found 1f the full capabilities of beacons are to be
realized.
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In the paragraphs of this section are outlined major areas in which
study is needed., In any such program effort should be restricted mainly to study
of the beacons for which widespread future use is anticipated, and for new beacons
which are developed. Included are the PRC-49B, URC-10 (of Bendix manufacture),
RT-10, and PRC-63 beacons,

3.2.2,1 Beacon Test and Evaluation Technique Development

At the present time, the effectiveness of beacons is determined by
conducting flight tests in which the test pilot determines the maximum range at
which he can hear the beacon signals on the aircraft receiver., The range at which
a beacon can be detected by the search aircraft is, indeed, a good measure of its
effectiveness, However, many variables, some of which are very subtle, contribute
to the results of flight tests, Data are difficult to interpret with any great
degree of confidence, Often, flight tests run consecutively by the same pilot on
the same day utilizing the same aircraft and beacon yield markedly different meas-
ures of beacon range, These tests are time-consuming, expensive, and difficult to
schedule and coordinate,

It appears that a series of laboratory tests can be devised which
will facilitate more expeditious evaluation of beacons so that much less flight
testing will be necessary. Tests should be run to determine how the various char-
acteristics of beacon output relate to the range at which beacons can be "heard",
One purpose of this study would be to develop techniques by which the performance
of beacons in operational situations can be predicted to a reasonable degree by
testing beacons in the laboratory, The effectiveness of these techniques should
be correlated by comparing predictions of beacon range (made by laboratory tests)
with results obtained by flight tests,

It is recommended that the following activities be included in this
study:

1) Design and construct a beacon simulator so that beacon characteristics
(e.g8., power output, modulation technique, modulation amplitude, antenna
configuration, etc.) can be varied independently, With this device, de-
termine how individual characteristics of the beacon output affect the
range at which beacons can be "heard", The interrelationships of these
factors cannot be studied by utilizing production-type beacons because
characteristics cannot be independently controlled. This device can
also be utilized as a "standard" or reference when running flight tests
in which aircraft system performance is being evaluated.

2) Use the data obtained in the exercise above to develop techniques and
procedures by which reasonably accurate prediction of beacon range can
be made from laboratory test results, Related factors. such as aircraft
antenna and receiver characteristics and beacon environment must be
considered, Compare the predictions of beacon detection range with re-
sults obtained from flight tests,

3) As an additional output of this study, prepare recommendations as to how

beacon specifications might be modified to provide maximally effective
beacons,
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3.2,2.2 Beacon Test and Evaluation Program

Some of the reports of attempts which have been made to utilize bea-
cons of this type indicate that the units either failed completely or did not appear
to operate properly, An exhaustive study needs to be made to determine how well
beacons now being used are actually performing, and to determine what might be done
to correct any deficiencies which are found to exist,

Performance tests need to be run on production lot beacons to provide
sampling of a greater number of production beacons than has previously been possible,
Tests should also be run on beacons which have been in service in the fleet for a
time to provide an understanding of how well beacons operate after they have been
subjected to the rigors of operational environments, Laboratory test and evaluation
procedures developed from the study outlined in Section 3,2.2.1 would be utilized,
Flight tests would be included in the study, No modification of the beacons (such
as installation of special test crystals to provide output at test frequencies, re-
tuning, etc.) which would interfere with production of these beacons and supplying
them to the fleet would be required for these tests.

This study should include investigations of the subjects outlined fol-
lowing, The work would be accomplished in cooperation with manufacturers of the
beacons,

1) Study in detail current beacon specifications to determine if they are ad-
equate to insure production of good beacon units; determine in what ways
these specifications might be improved and/or clarified,

2) Study beacon designs, manufacturing procedures, factory test and inspection
procedures, quality control, and reliability assurance programs, Tabulate
and study factory test and inspection results to determine characteristics
of the beacons as they undergo factory test and inspection, Obtain data
on causes of beacon failures from factory records and from records of oper-
ational fleet units,

3) Utilizing improved test procedures (Section 3.2.2.1), test enough production
units of each beacon type to obtain knowledge of a true cross-section of
units being provided to the fleet, and to provide data required for direct
comparisons of beacons of different types., Using the same test procedures,
test beacons which have been in use in the fleet,

These tests must be especially designed to minimize the time required
for testing. Testing programs must be accomplished by setting up mechanisms for ro=-
tating beacons, Beacons could be sent from the production facilities and from the
fleet to the testing site, tested, and forwarded to the fleet with minimum delay,

4) Prepare recommendations outlining ways in which specifications, factory

test and inspection procedures, and quality control and reliability pro-
grawms can be improved or made more effective,
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3.2.2.3 Aircraft System Study

Receiver and ADF installations in a limited number of aircraft were
evaluated to some degree in this study, These equipments and installations need
to be studied more thoroughly, and installations in other aircraft types need to
be evaluated., Type ARC-27, ARC-52, ARC-51, ASQ-17, ASQ-19, and ARA-25 installa-
tions should be evaluated,

Tests have indicated that worthwhile improvement in beacon detection
range might be realized through modest modification of the guard-band receivers of
the ARC-27 equipments, Guard-band modules of one ARC-27 and one ARC-52 receiver
were modified, This involved modest rework of signal amplifier circuits and
changing of the crystals so that flight tests could be run utilizing the guard-
band receiver with beacons operating at test frequencies slightly off the emergency
frequency. This provides a very useful capability for testing beacons and aircraft
systems under operational conditions without emitting signals of the emergency fre-
quency, The alternative is to utilize one of the tactical communication channels
of the receiver, However, when one of the communication channels rather than the
guard-band receiver is used for flight tests, there always remain questions as to
whether the tests are representative,

Some flight tests were run with these modified receivers, but problems
were encountered, More receivers need to be modified, and more extensive flight
tests run,

This study should include the following:

1) Analyze in detail receiver and ADF installations in aircraft which are in
most widespread operational use, which have poor beacon location capabil-
ities, or in which there may be special interest for other reasons, These
studies will include evaluation of antennas, antenna patterns, lead-in
cables and fittings, receiver characteristics, operating procedures, and
adjustment and maintenance procedures, Study of the rhombic antennas used
in the ADF installation should be included to determine if characteristics
of these antennas might be improved. To assist in this study, some special-
purpose instrumentation will probably need to be developed,

2) Modify several guard-band receivers to determine if improvements in detec-
tion range which have been predicted are obtained consistently, Consider
more extensive modifications than have been made to guard-band modules,
including increased sensitivity, low-noise circuits,narrowing of receiver
bandwidth, utilization of a narrow-band preamplifier ahead of the guard
receiver, and the possibility of utilizing phase-locked receiver techniques,
Tests of the preamplifier will require modification of the aircraft antenna
switching network and, possibly, the radio sets. Determine if reasonable
modification of ARC-52 receiver modules can be made to provide additional
sensitivity, Review AN/ARC-51 receiver design to determine if obstacles
to optimum guard receiver performance existing in earlier receivers have
been corrected. Conduct laboratory and flight tests to measure detection
range with modified guard-band receivers,
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3) Determine in detail what maintenance, adjustment, and test proce-
dures for airborne equipments are now being followed in fleet
units, Study these procedures, and prepare additional recom-
mendations which will provide improvement in locating radio res-
cue beacons,

oD 5 &

4) Determine what is being done in the fleet to provide meaningful
pre-flight aircraft system checkout which will assure that max-
imum beacon detection range will be obtained, Prepare recom-
mendations regarding design and utilization of special devices

— which may assist with such checkout,

- 3.2,2.4 Beacon and Locator Device Evaluation

f There will be a continuing need for thorough evaluation of bea-

- cons and related devices which are available and which will become available,
but which are not standard Navy equipment. Innovations which show promise of

' improving beacon system performance should also be evaluated to determine their
capabilities, Promising new beacons and devices should be tested and evaluated

in the laboratory and in the field., Knowledge of the capabilities and charac-
- teristics of such new devices will be of value to the Navy in its planning of
I rescue beacon development programs,

It is recommended that the following tasks be considered as parts
of this program:

1) Continue test and evaluation of directional antennas to be used
with beacons in tactical and open-sea survivor locator application,

2) Run tests to determine characteristics of beacons with 1/2 wave-
length "whip" antennas which are being utilized with some radio

L beacons and which are especially preferred by the Air Force,

Suitable data may already be available from the Air Force.

3) Determine what effects waves and wave motion have upon the sig-
nal provided by a beacon operating near the surface of the water,

4) Determine if more effective beacon antenna systems can be devised,

Determine if a beacon feeding an antenna attached to the raft or

) to the survivor's back, head, or helmet will prove to be more ef-
| fective than a beacon held by the man or mounted on his clothing,

5) Conduct ‘a continuing technological review and literature survey

{ of air-sea radio rescue beacon equipments and techniques, Sur-

[ vivor locator procedures and equipment used by friendly foreign
governments should be considered,
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3.2,2.5 Radio Beacon Utilization

Factors related to utilization of beacons in tactical situations were
not investigated as part of this study, An evaluation of these factors should be
made,

Conditions existing in battle zones differ markedly from those exist-
ing in most open-sea search situations, In combat areas, the survivor is often in-
jured. He needs to hide from and elude the enemy, As a result, he may not be able
to assume a position which is most advantageous from the viewpoint of r-f energy
propagation, Searchers must take measures to avoid being decoyed into situations
in which the enemy can destroy them, In such situations, long-range detection ca-
pability is not usually of utmost importance; a twenty-mile range is usually more
than sufficient,

While knowledge of precise location of the survivor in terms of range
and bearing may not be important in open-sea search situations, such information
may be of vita]l importance when survivors must be picked up in enemy territory be-
cause the time during which search and rescue aircraft remsin at low altitudes and
in the immediate vicinity of the survivor must be reduced to an absolute minimum,
Slow-moving aircraft are extremely vulnerable to ground fire when they operate at
low altitudes, Also, the activity of aircraft sometimes alerts the enemy to the
presence of the survivor. In open-sea search and rescue operations, inefficiency
in locating the survivor is usually not a serious problem, except where the water
is cold and/or the pilot is seriously injured, The search pilot must make only a
rough estimate of range, and fly toward the survivor, If the search pilot "over-
shoots" the survivor and must circle or make additional passes, no great harm is
usually done,

Most of the flight tests which were made in connection with this study
were made with the beacon operating over open bodies of salt water or over land,
Prediction of detection range was made for these conditions, Additional information
must be obtained on propagation characteristics when the beacons are operated in
jungles, forests, marshes, deserts, ice, snow, and other terrain in which it is ex-
pected that the beacons will be used, Knowledge of the effect of jungle vegetation
upon propagation of r-f energy is of particularly urgent interest because of prob-
lems now being experienced in Viet Nam, A thorough study of these problems is now
being made by the Atlantic Research Corporation, Alexandria, Virginia,

In general, it may be expected that improvements which offer solutions
to problems existing in one type of application will be of benefit in other situations
as well, Also, liaison with other of the military forces - in particular, the U, S,
Air Force - will likely reveal that studies related to some of the subjects listed
following have already been made, are now in progress, or are planned for the future,

1) Study requirements of radio rescue beacons in Viet Nam,
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2) Determine if possession of range-measuring systems would assist with
the accomplishment of personnel rescue missions, The correspondence
between problems encountered in personnel location and drop zone lo-
cation should be kept in mind,

3J) Utilizing available knowledge of beacon characteristics and capabil-
ities, prepare recommendations outlining ways in which beacons can
be used more effectively in Viet Nam,

4) As part of a longer-range program, study requirements which would
be imposed upon beacons in other operational theaters, and prepare
recommendations on beacon specifications and techniques of utiliza-
tion which would provide better performance under such conditions,

3.2.2,6 Beacon Power Supply Study

Several types of power sources have been used with radio rescue
beacons, These include manually-operated generators such as were used with the
"Gibson Girl", and dry, mercury, sea water, stored-electrolyte, and rechargeable
batteries.

It is very important that beacons be kept in a condition of readi-
ness at all times, Energy storage capacity must also be considered, Most bea-
cons utilize batteries which provide approximately 24 hours of beacon operation.
Compromise must nearly always be made for cold weather operations because bat-
tery performance deteriorates at low temperatures, For water survival situations,
this may not be a critical shortcoming because a man cannot survive long in cold
water, In cold-weather survival situations on land and ice where a man may sur-
vive for an extended period, it is desirable that the power supply have a much
longer operating life under low-temperature conditions,

Study of this subject has been made previously, but it should be
reviewed periodically because improvements are being made continuously upon
power sources which are commercially available, Other power sources are being
developed for special-purpose applications, All types of power sources which
held promise of being suitable for use in beacons should be studied. Also, a
review should be made of power storage capacity and operating life require-
ments, Major subjects which should be studied are listed following:

1) Study radio rescue beacon power source requirements, Determine
what battery characteristics are required in different survival
situations,

2) Study characteristics of power sources which are available, and

determine which ones are suitable for use with radio rescue
beacons and represent the best compromises, Prepare recommendations,
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4, APPENDICES
4,1 Beacon Radiation Pattern Studies

4,1.1 Antenna Range Tests

Antenna test measurements were made to evaluate a number of dif-
ferent beacons to determine their

A. Directional performance over limited ground plane

A
!

B. Directional performance with extended ground piéne

C. Performance for beacons oriented at various angles (0, 45, 90 degrees)
D. Effect of operator nearby

E. Effect of operator and orientation

The radiation pattern data was taken in con%éﬁtional fashion, using the system
indicated in the block diagram of Figure 4.1.1-1.

The measurement technique involved the beacon and ground plane
mounted on a rotating platform so that radiation in all directions of azimuth
could be investigated. In order to obtain data at various elevation angles,
corresponding to altitude of the search aircraft, a pick-up antenna was mounted
on a long boom and positioned at various elevation angles through the use of
an antenna rotator, Figure 4,1.1-2 shows the pick-up antenna during one of
these tests. :

In addition to the tests run on the antenna range, measurements
were made using aircraft. These field tests were used to verify the data
taken on the antenna range. The measurements typically involved an aircraft
on a radial flight with respect to the beacon, so that information was obtained
on beacon response as a function of range and, to a certain extent, as a
function of angle.

In order to insure that the antenna radiation tests closely
approximated actual operating conditions, a program was evolved which employed
an extended metallic ground plane to simulate the sea water. Initial tests
were performed with a limited ground plane of 8 feet on a side; an AN/URC-10
beacon was used.

The data (Figure 4.1.1-3) at various heights show the coverage
for aircraft at various elevation angles. Note that a 13-inch height gives
limited coverage for an aircraft at about 50 degrees above the horizon.

Because the potential nulls in the vertical pattern could be
directly related to the ground plane, it was determined that a much more

4.1
-1 -



<@

/

MODELGND PL.

BEACON
XMTR

ROTATE GND
PL FOR AZIMUTH
PATTERNS

STUB TUNER

RECEIVE ANT |

225-24% MH}

3db

/\

TRAVERSE R0°

ARC FOR ELEVATION

PATTERNS

ammHa
Ll Pt
FILTER

B OLOMETER

PATTERN
RECORDER

TEST SET-UP FOR BEACON RADIATION PATTERN
MEASLREMENTS

FIGURE 4././-]




FIGURE 4.1.1-2.

ANTENNA PICK-UP FOR PATTERN MEASUREMENTS,



ey
Ry hep ey

—y
s J

k Job |zoo-sg|'
1717/66 Elevation Cut
”4:»:,", . | Sottom of Bescon Antenns
84" above 0’ Ground Plane
FIGURE L.1.1-3a
-
i
: i -
¢ i E
N
1717766 ol
' Pattern No. 4 Job 1280-301 1/17/88
Elevation Cut BATTEN 12 Job 1280-304
FIGURE 4,1.1-3b Bottom of beacom antenns FIGURE L.1.1-3¢ Elevation Cut
13" above 8' 3q. Rround Plan b Bottom of Beacon Antenns
' 18" above 8'Ground Plane
I v
- - ) -
- h , 1‘. *
B A ]



e g

1/17/66
PATTENN #3

FIOWE L4.1,1-3d

FIOURE L.1.1-3e

et
e
i

st

Job 1280-301

Elovation Cut

Bottom of Bescon Antenns
24" above 8' Ground Plane

Job 1280-301

Etevetion Cut

Bottom of Bescon Antenna
30" sbove 8'Ground Plane



extensive ground plane should be investigated, It was expected that the limited
ground plane would give only a qualitative picture of the effect of the sea about
the 1ife raft, An extended ground plane was, therefore, fabricated with a 20-foot
extension, Data similar to that of Figure 4.1.1-3 was taken., In general, the

two results were correlated with respect to the null at the higher elevation angle,
Detailed investigations showed that the deepest dip occurred at 11 inches above the
ground plane, The data obtained with the extended ground plane is given in Fig-
ure 4.1,1-4, and a comparison of this with Figure 4,1,1-3 indicates some slight
differences at low elevation angles,

The next data of interest involves the orientation of the beacon,
All previous data was taken with the beacon antenna vertical; but, in a typical
operational condition, it is possible for the beacon to be oriented at a number
of angles other than vertical, Investigation was made with the beacon displaced
30 degrees, 60 degrees and 80 degrees from the vertical, With this orientation
coverage, data was obtained in the plane of the antenna and in the plane perpen-
dicular to the antenna. This is designated in the figures as "back" and "side",
respectively, The data shows very poor coverage when the antenna is tilted 80
degrees from the vertical, It shows no great difficulty for a tilt of only 30
degrees, However, for a 60-degree tilt, some decrease is noted for coverage in
the plane containing the antenna rod (see Figure 4,1,1-5.)

All of the data presented up to this point involves the beacon po-
sitioned on the simulated life raft over the sea without an operator, Since the
operational condition would require the presence of an operator, further investi-
gation was made in this regard. Essentially, each of the preceding steps was re-
peated, with careful attention to separating the effect of the operator from that
of the beacon radiation alone, Figure 4.1.1-6 shows the limited ground plane
with the beacon 13 inches above, Four patterns are given, corresponding to the
man between the pick-up antenna and the beacon and the man behind and to either
side of the beacon, This same data was repeated for the extended ground plane
(Figure 4,1,1-7); but, in this instance, the beacon was held 8 1/2 inches above
the ground plane, In this instance, the horizon coverage was again decreased
vhen the man was between the beacon and the receiver, An investigation was
carried out to determine if the nulls in the coverage diagram could be associated
with the man, It was found that a clean pattern existed when there was no man in
the picture,

The next set of data was taken to investigate the effect of the man
combined with a tilted antenna, The antenna was held at 45 degrees by the man
(pointing away from him), and positioned at 45 degrees without the man., In general,
Figure 4,1.1-8 shows the variation for a beacon always at 14 inches above the ground
plane and always at 45 degrees. In some instances, the man is in front of the bea-
con; in other instances, he is behind or on one side of the beacon, In each case,
date can be compared with the beacon alone, In one particular instance, for the
man to the left of the beacon, it was found that the pattern varied, depending
upon whether the man held the beacon or held the beacon power supply.

4.1
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This was the first indication in the program that the beacon power supply or the
cable qonnecting the power supply might be radiating as well as the antenna,

A similar set of data was taken with the man holding the beacon 8.5
inches above the ground plane and at an extreme angle of 80 degrees from the ver-
tical (pointing away from the man), Four coverage diagrams are shown, correspond-
ing to the man in front, behind, or on either side of the beacon, In every case,
coverage on the horizon is relatively low., The most serious condition occurs when
the man lies between the beacon and the receiver (Figure 4,1,1-9),

An investigation was carried out on the effect of the power supply
position on the pattern radiator, Previous data, involving the man with the bea-
con, had indicated potential radiation from this unit, Figure 4,1,1-10 shows a
number of different free space radiation patterns which vary as the relative posi-
tion between the power supply and the beacon is varied, In every case, reasonably
satisfactory results are obtained, but is evident that there is some leakage from
the antenna across the metallic surface of the beacon itself and along the cable
to the power supply. In general, the data shown here indicates that no severe
operational difficulties could be expected.

The next area of antenna range testing involved work with the
AN/PRT-3 beacon. This work had to be discontinued after only one hour of test
because of an inadequate power supply. It was impossible to obtain patterns
over a period of time so as to validate the data, but the patterns taken did
exhibit shapes similar to those of the AN/URC-10,

The next beacon measured was an AN/PRC-49, Once again, a similar-
ity to the pattern shapes of previously measured beacons was noted, In addition
to elevation plane patterns, azimuthal patterns were measured on the PRC-49 beacon,
These patterns were measured at various elevation angles up to 20 degrees. They
vividly display the effect of a man in degrading radiation when he is seated be-
tween the beacon and the rescue aircraft, Figure 4,1,1-11 is an azimuthal pattern
of a PRC-49 beacon with no man interfering., The pattern circularity is approxi-
mately 0.5 db, Figure 4,1,1-12 shows the new pattern which results when a man is
introduced but still not holding the beacon, The pattern of Figure 4,1,1-13 indi-
cates that when the man holds the beacon, he not only blocks radiation in the di-
rection to his rear, but also causes less radiation in the direction he is facing.
This latter point complements other anomalies which were considered to be due to
r-f leakage onto the outside case of the battery and the beacon, Here, apparently,
the man absorbs r-f energy when he makes contact with the beacon or its battery
pack,

Relative output power tests were conducted comparing an AN/URC-10
beacon and an AN/PRC-49 beacon, For elevation angles from zero to 30 degrees
above the horizon, the URC-10 beacon supplied approximately 11 db more power out-
put., This theoretically reflects a 3.5 to 1 range improvement for line-of-sight
conditions,

4.1
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Further data was taken on different units of the beacon with results
very much like that obtained on the initial models. It was felt that sufficient
radiation patterns were accumulated to clearly verify that the fundamental results
did not vary significantly from beacon to beacon.

Some data was taken on the response available when the beacon
antenna was in a horizontal position. It was found that the received signal was
greatly diminished, as would be expected. The rescue aircraft, with a receiver
vertically polarized, would not see the horizontal beacon at any great range.

Previous information on the effect of a man blocking the beacon
radiation and of the man handling the beacon in different fashion from time to
time indicated the desirability of knowing beacon radiation response as a
function of time. It appeared that the battery case and the power cable con-
necting it to the beacon radiated signal in a fashion similar to that of the
beacon antenna. As a man handled either of these two items, the resulting
data could be modified just as though he were handling the antenna itself.

The time recordings of beacon response for various conditions then provided
informative and interesting data.

During each time recording, a man was seated on the model ground
plane and he either held the beacon in his hands or had it strapped to his
body. Figures 4.1.1-14 and 4.1.1-15 show the arrangement. As the measurement
proceeded, the man carried out a schedule of body movements and beacon manipu-
lations.

Figure 4.1.1-16 shows the response for the man holding the beacon
in his hands. The various movements and manipulations are noted on the record-
ing sheet for easier correlation between data and condition imposed. Two times
during the recording of Figure 4.1.1-16, the ground plane was rotated in
azimuth, The decrease in signal strength when the man is between the beacon
and the receive antenna (rescue aircraft) is evident. What is perhaps more
alarming is the great signal strength variations between the 6 to 10-minute
period. These variations were caused by more vigorous movements than those
of the preceding time period, but it appears quite likely that a rough sea
would cause similar variations.

Figure 4.1.1-17 is a time recording with the beacon strapped to
a man's head. The thought here is to have a helmet mounted antenna such that
signal blockage will not occur when the aircrewman is between the beacon and
rescue aircraft. The rotations of the model ground plane show, in fact, that
this effect is produced to a certain degree. However, signal strength varia-
tions caused by head movement still remain.

4,1
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FIGURE &4.1.1-14.

MAN WITH BEACON ANTENNA STRAPPED TO HEAD.
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FIGURE 4.1.1-15. MAN WITH BEACON STRAPPED TO HEAD. =15~
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4,1,2 Over-Water Field Strength Tests
4,1.2,1 Aircraft Tests

Field test beacon measurements were made on 20 January 1966, at
Patuxent River. The aircraft used was a F-4, Serial 085, piloted by Lt. Com-
mander T, E. Mead. The aircraft utilized an ASQ-17 receiver, capable of
receiving signals from the following beacons: PRC-49, URC-10, PRT-3, and
PRC-32.,

The test procedure involved having the pilot fly a circular
course at a 30-mile radius until the beginning of a five-minute interval.
With his receiver tuned to the beacon frequency, he could hear the beacon
signal in his headphones. If the beacon signal was received, then he flew
out-bound until the signal was no longer received; when the beacon signal cut
out, he would turn and fly in-bound until it was again received. For each
flight, he recorded the ranges at which the signal dropped out and at which
it returned. In the event that no signal was received initially, he would
fly in-bound to a range shorter than 30 miles and, upon receipt of the signal,
would fly out-bound until the beacon signal disappeared. Range was measured
by the use of the TACAN system. Velocity information was not directly appli-
cable to the test, but it was estimated that the aircraft had a ground speed
of 450 knots.

The beacons were mounted at the shore of the Chesapeake Bay,
strapped to a stake approximately 4 feet from the water; the beacons were
secured approximately 2 feet above the ground. No personnel were in the
neighborhood of the beacon during the transmission.

The first test involved the PRC-49, The pilot was required to
come in-bound from 30 miles and receive the beacon at 9 miles. This beacon
had an extremely high frequency tone which may have actuated the squelch cir-
cuit, so that it could not be received. There was no way for the pilot to
eliminate the squelch circuit from his ASQ-17 receiver. It should be noted
that the recording made on the ground of the audio tone differed from the
pilot's memory of the tone he had heard in the aircraft.

The second test involved the URC-10 beacon. This showed both
in-bound and out-bound ranges of 50 miles. The third test involved the
PRT-3 beacon, which had an out-bound, intermittent reception around 40 miles
and in-bound reception which was intermittent at 48 and 46 miles, but steady
at 44 miles. The final unit tested was a PRC-32, which gave no signal at all.
Either the beacons were at fault or the wrong batteries may have been used.

4,1,2,2 Helicopter Measurements

Signal strength measurements were conducted on a type URC-10
beacon with a helicopter-borne ACL receiver. The beacon was located at the
water's edge, vertically oriented one foot above water level. A Yagl antenna

4.1
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extending from the helicopter and pointed at the beacon provided the signal
input to the receiver. Signal strength was recorded as the db level of an
attenuator continuously adjusted to maintain a constant AGC level.

Flight paths were in a vertical plane containing the beacon
and a TACAN station as illustrated in Figure 4.1.2-1; the TACAN reference is
at point T, the beacon at point B, and the helicopter at point H. TACAN pro-
vided a measure of R], and the helicopter altimeter provided "a" in the figure.
Signal strength readings were made on "marks" of these position data. Sepa-
ration of the TACAN and beacon, d, was 4,000 feet, thus computations of R2
and 67, the slant range and elevation angle to the beacon, were straight -
forward.

Three data runs were made:

1) Altitude, a, was varied from 25 ft. to 3,000 ft, at a fixed distance
of 2.34 miles from the beacon.

2) Altitude was held constant at 1,000 ft. while the radial distance to
the beacon was increased from 1/3 to 9.4 miles.

3) Altitude was held constant at 250 ft, while the radial distance to the
beacon was increased from 1/3 to 9.4 miles.

Relative signal strengths for the first run are shown in
Figure 4.1.2-2 as a function of elevation angle. This indicates how the
beacon pattern previously measured on the finite ground plane must be modi~
fied for a real sea enviromment.

Figure 4.1.2-3 shows the relative power variation as a function
of range for a 250 foot constant altitude. This curve is very close to the
theoretical 12 db/octave variation expected with a ground wave propagating
over sea water.

The last curve of Figure 4.1.2-4 is a similar plot for a 1000 ft.
altitude. A free space variation of 6 db/octave is also shown on this curve.
Notice the correlation between these data and similar theoretical data for
300 MHz shown in Figure 4.1.2-5. Indeed, this experimental agreement suggests
that Figure 4.1,2-5 could be used for signal strength extrapolation since the
free-space field can easily be computed for a particular range and the appro-
priate modification can then be read directly as the difference between free
space and actual position for correction of these values for the aircraft
altitude. This use of Figure 4.1.2-5 is outlined in Section 4.3.2.
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4,1,3 Directional Antenna Tests

Based upon the previous measurement effort, it was determined
that the omnidirectional antenna associated with the beacon might be replaced
by a directional unit. Increased antenna directivity could easily provide an
additional 10 db of signal which could significantly increase the range to
the receiver in the rescue aircraft. This phase of the work involved study of
a number of lightweight, compact, directive antennas to determine their poten-
tial effectiveness. These units were siudied, both in the antenna range
environment and in flight tests.

There are two basic approaches to the design of a directive
antenna for the beacon. One of these involves a direct replacement for the
existing whip antenna, and the other involves using the whip antenna as part
of a directive antenna. It was decided that both approaches could be accom-
plished by the study of Yagi antennas, so, in order to make the program most
effective, all design effort was limited to this antenna type. The designs
obtained are given in Figure 4.1.3-1. In the upper part of the figure, a Yagi
antenna is built around the existing monopole and, in the lower part of the
figure, a separate Yagi design is presented. Both designs operate effectively
at approximately 240 mc. In the material which follows, the first antenna is
referred to as the "clip-on" Yagi; the second antenna is referred to as the
directive antenna for the PRC-49, Figures 4.1.3-2 and 4.1.3-3 show the two
antennas in their final design.

Data obtained on the clip-on antenna is given in Figure 4.1.3-4.
This involved the URC-l0beacon. Similar data, in Figure 4.1.3-5, involves the
PRC-49 beacon unit. It can be noted from the data in both cases that the
addition of the elements about the beacon antenna causes an increase in direc-
tivity, whereas the antenna without elements provides an omnidirectional
pattern, With the elements, it provides more signal in one direction than in
all others. It might be noted from the relative signal levels in this data
that the antenna is not well matched. This is related to the fact that the
additional directivity does not result in additional signal strength in the
f$gion of interest.

i

The clip-on antenna was surpassed by a more conventional Yagi
antenna, with data shown in Figure 4.1.3-6. Here, data is shown for the
Yagi at 18 inches above the ground plane and at various angular orientations.
It might be noted as the Yagi is tilted to higher elevation angles its basic
directivity causes less signal at the horizon. After considering the Yagi
response as fuction of tilt angle, data was taken with the Yagi at various
elevations above the ground plane. This information is given in Figure 4.1.3-7.
For a fixed position of 14 inches above the ground plane, a complete set of
antenna patterns was taken; this set shows, in Figure 4.1.3-8, the directive
characteristics and various elevation angles.

At an elevation of 14 inches above the ground plane and with
the Yagi tilted tc a point 20 degrees above the horizon, complete data was

)
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FIGURE 4.1.3-3

DIRECTIVE ANTENNA (EXPERIMENTAL)
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taken on the antenna performance, This information, in Figure 4.,1,3-9, indicates
that the directivity of the Yagi has effectively eliminated the pattern dependence
on the ground plane, It can similarly be expected that the Yagi would eliminate
dependence upon the operator position,

On March 9, 1966, a field trip was made to Patuxent Naval Air Sta-
tion to determine the range obtainable with the Yagi antenna described above,
Data vas taken with both antennas fed by the same AN/PRC-49B beacon, One flight
of a T-2 aircraft, at 10,000 ft,, concentrated on determining the range possible
for the beacon with the standard quarter-wave whip antenna, The other flight in-
volved the same beacon with the directive antenna, It was found that this beacon
provided a 56-mile range, which was of the same order as that obtained in earlier
flight tests, When the Yagi antenna was attached to the beacon, the range was
94 miles, It is felt that this test indicates the potential of the Yagi antenna
and that the data taken on the antenna pattern range indicates the improved per-
formance of such an antenna,
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4,1.4 Boresight Tower Tests

4.1,4,1 Antenna Pattern Test Techniques

Early in this study, tests were run to provide data on vertical
plane signal strength profiles, For these preliminary tests, a radar boresight
tower at the Applied Physics Laboratory was utilized as a structure on which a
receiving antenna could be hoisted. These tests are reported in Section 4.1.4.2,
The onset of cold weather and the availability of the Keltec antenna range, which
was automated so as to expedite the study of antenna patterns, resulted in dis-
continuation of this effort., At the outset of this study, it was recognized that
if such tests could be made, beacons should be tested under conditions under which
they would actually be used, i.e., over salt water., Also, it was recognized that
many problems exist when such tests are conducted using aircraft such as helicop-
ters as test platforms., As part of an effort to develop convenient testing tech-
niques, the boresight tower was utilized for preliminary tests. Such a technique
has advantages because it is possible to maintain relatively large distances be-

tween the transmitter and the receiving antenna.

In addition to providing data relating to the operation of beacons
over land, it was hoped that techniques could be refined and developed to a degree
so that they could be utilized to conduct tests in which operation over salt water
could be simulated, Utilization of a tank such as a portable swimming pool which
could be filled with salt water was considered, The possibility of utilizing the
boresight tower was attractive because of the advantages which accrue when test
facilities at a convenient location can be utilized. The Chesapeake Bay Bridge
structure was also examined to determine if it could be utilized for such tests,
No tests were run from the bridge because of access and logistic problems, and
because of the onset of winter weather, The possibility of utilizing other struc-
tures or natural features over or near the water were considered, but it appeared

that such tests would be very difficult to conduct.

When conducting tests on the boresight tower, it was necessary that
a man climb the tower and hold the antenna., This was very time consuming and dif-
ficult, especially in cold weather. Also, it hecame evident that a more direc-
tional antenna should be used for some tests, and that the effects of reflections
from the steel tower needed to be minimized, Also, antennas of the type actually
utilized on aircraft should be used to provide a true picture of the characteris-
tics of the system, The test set-up should have the capability of positioning the
antenna at the elevations desired, and of conveniently aiming the antenna. Instal-
lation of pulleys and ropes and other rigging was considered. Simple rigging would
probably have performed reasonably well in calm weather, but showed little promise
of being satisfactory if there was as much as a slight wind. More substantial rig-
ging was also considered, and could have been arranged, However, at this season,
there was the added problem of water freezing if a tank was utilized to simulate
operation over salt water, It did not seem that construction of such a facility

would be justified for this program,

The possibility of constructing a water tank on the antenna range
operated by the Space Division at APL was considered. The range is completely
equipped and has a Fiberglas pole, associated control mechanisms, and automated

4,1
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plotting instrumentation. This would probably have been satisfactory had the
weather been warm and had the range not been fully utilized for other experiments,
Consideration was also given to construction of "A-frame" rigging with which
either a simple receiving probe or mockups of aircraft antenna systems and adja-
cent aircraft surfaces could be hoisted. This, too, appeared to represent more
of an expenditure than was justified for this study.

The following comments are offered regarding these tests:

1) Unless ample indoor facilities are available, weather must be considered
in planning such tests. Hardships imposed by unpredictable winter
weather and by the cold itself make such outdoor tests very difficult,

2) The possibility of utilizing facilities at Wallops Island for over-
water tests, especially to determine the effects on signal strength
of an actual sea environment, appeared promising.

3) 1In the absence of a fully-instrumented antenna range, a very simple
device_can be used to position a receiving probe for such tests, A
report™ was obtrined which describes a setup for such tests, The
setup consisted of a 30 foot wooden arm which was pivoted at the
point on the earth where the beacon was placed. A telemetry system
was used in conjunction with the test probe mounted at the free end
of the arm. A wireless link was used so that the radiation pattern
of the beacon would not be distorted; the telemetry technique is
widely used for this application, The position of the arm was con-
trolled by very simple rigging. This setup has many of the limita-
tions discussed previously for other test systems, and is not capable
of hoisting aircraft system mockups. However, it should be very
satisfactory for use in temperate weather. This report would be
helpful, in other respects, to those concerned with making such tests,

4.1.4,2 Technical Report: '"Air-Sea Rescue Beacon Locator Study"

The document reproduced here reported on tests made with a PRC-49
beacon, These were the first field strength measurements made for this study.
For the photographs, Figures 1 and 2, distances were foreshortened to better
show the test set-up and to illustrate how tests were made.

Several antenna pattern plots are shown, The elevation plane data
(Figures 6 through 10) illustrate clearly the effect of the man upon the signal
strength, For elevations up to approximately 35°, interposition of the man be-
tween the beacon and the receiving antenna had relatively little effect upon re-
ceived signal strength when the beacon was held high above the surface of the
earth (compare Figures 6a and 6e). However, comparison of the 10-series figures

1"Accident Data Recorder Beacon Evaluation," January, 1965, Central Experimental
and Proving Establishment (Royal Canadian Air Force) Report No., 1752, available
to authorized organizations through the Defense Documentation Center; AD 462425

4.1
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which depict conditions when the beacon was on the ground shows nearly 8db atten-
uation at 5° elevation with the man between the beacon and the receiving antenna.
Attenuation decreased for greater elevations, with signal strength being nearly
the same for both conditions at 20° elevation, It is the low angles for which
there is most concern about such attenuation, It sometimes comes as a surprise,
to those who have not had occasion to run simple calculations, that aircraft
flying at altitudes of 20,000 feet above the surface of the water are only 1.5°
(approximately) abov: the horizon to an observer 100 miles away.

Data plotted in series-11 figures also show how the man's body at-
tenuates the signal; his body distorts the antenna pattern at low elevation angles
when the beacon is near the surface of the ground. At 764 feet from the tower, the
difference between the man-in-front/man-behind readings is approximately 13.5 db,
This is much more than was measured at equivalent elevations when the beacon was
close to the tower when the vertical profiles were plotted. This appears to be
another demonstration that small differences in positioning cause pronounced dif-
ferences at this frequency (see Section 2.2.3.2). The plots of Figures 6 through
11 show data as taken. There was no normalization for differences in distances
from the beacon as the receiving antenna was moved up the tower,

4,1 Pages 4,1-54 through
4,1-94 follow, (Refer to
- 53 - original document pagination,)
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2.0

3.0

k.0

SUBJECT

AN/PRC=49 Beacon Antenna Pattern Tests

DATE

Fedruary 15, 1966

EURPOSE

This report represents a preliminary description 6: the
findings concerning the radiation pattera of the AN/PRC-49 beacon
locator unit as influenced by the presence of the pilot in close
juxtaposition to the radiator. It attempts to demonstrate the
critical influence of the pilot-to-antemna position, and to un-
cover an inexpensive method of relocating the beacon antenna so

a8 to optimize the use of this equipment and thus improve the

chances of survival of individuals who unfortunately have to employ
it. ’

EESULTS AND RECONMMENDATIONS

It is found, and the figures in the Appendix only partly

‘demonstrate the phenomena, that the strength of the received signal

at any instant from a pilot adrift at sea equipped with the AN/PRC-
49 beacon is highly dependent upon the relation of the transmitting
antenna to parts of his anatomy and to the position of the l_urch-

‘ing aircraft in range and nltitpdo.

While these variables are constantly changing, it is feared
that under normal service conditions persomnel finding it necessary
to o:'l.thor manually hold the Sucon in an optimum position or to.
continually follow a rather involved regimen of positioning for
many hours will become so fatigued that his chances of survival
will be lowered rather than enhanced.

A1)
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A (oontiaued)s

It is recommended that a light, stayed mast be supplied as a
part of the survival kit to support the beacoa above the surface of
the sea, and that the pilot or crewman be advised to recline if
possible below the anteana to minimise any screening effects of
his body. These tests indicate that a height of ¥ waveleagth
might produce a good compromise ia beacon antenna perforsance, but
should be verified under operational conditions. '

It is recommended that consideradle psychological improvesent
would be obtained from a neon bulb or other low emergy absorber
which would indicate to the uafortunate individual that this equipe
sent vag "on-the-air",

If is also mo.indod that tixo ‘antenna connectioa of the

 AW/PRC-49 be ruggedised as it.currently is extremely vulserable

to irreparadble damege.
DETAIL DESCRIPTION OF TEST

I P

The data presented in the Appendix was collected using the
8PG-59 radar boresight tower at the Applied Physics Laberatory to
support the receiving antemna. (Figure #1). The antenna vas
positioned at discrete heights above the ground to establish the
transaitter-to-antenna elevation angles.

The great bulk of the data was acoumulated from a platfora
(sipulating a raft afloat) positioned 50 ft south of the tower
(Figure #2). -A vertical mast affixed to the platform with detents
at the A/4, V2, 3A/4, and 1A position was construoted upon which
to place the bottom of the beacon case. TFigures 11 (a-e) were taken
at stations 150 feet and 764 feet from the tower base.



" TEST SET UP (continued):

The antenna was a % wave dipole backed by a 3 ft. square
window screen wire ground phho A/4 behind the dipole (Figure #3).
All measurements were taken with the dipole oriented in a plane
normal to the surface of the ground. Reception and read-out was
done with a Mod., NM=30A Field Iutouiiy meter, manufactured by
the Stoddard Aircraft Radio Company, Inc. of Hollywood, Califoraia.
This is a superheterodyne receiver with a sensitivity of approximately
5 microvolts and a bandwidth of approximately 110 KC. The equipment
is arranged so that 4, 20 db attenuation steps may be coupled between
the antenna and the meter circuit. The following is a block diagram
of the test set up:

AN/PRC-49 Tower NM=30A Test Set

The #303214 battery supplied with the AN/PRC-49 beacon was replaced
with a NiCad battery housed so that its case was substantially the

. same height as the battery provided with the beacon. It was equipped

80 that the battery voltage could be continuously monitored (Figure
#4). The same interconnecting cable was employed.

’
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Tt |
The tests were rua im groups of 25 data points at each of b
heights of the receiving antenna above the ground plane giving
elevation angles in incremeats of 5° from 5-70°, inclusive. Zach
group of 2% data points was obtained by positioning the man on the
sisulated 1ife raft in 5 positions relative to the line of sight to
the tower, i.e. at 0°, 4Se, 90°, 135°, 180°, With the man at each
of these 5 positions, data were taken at 5 discrete heights of the
beacon: Oa the platfors, A/k above, A/2 above, 3A/k, and 1A .
The beacon support pole was between the man's legs (Figure #2).
0° man-position places the man facing the tower with the beacon
interposed between him and the tower; 180° man-position is with the
man's back to the tower and between the beacon and the tower.

At each new receiving antenna position up the tower the
receiving antenna aseembly was pointed dowaward for maximum
received signal with no man on the platfors.

Bach measurement vas preceeded by tuming the receiver for
maxisum signal. (A difference of 1-2 4b was noted for this tuning
adjustment. The adjustment at the receiver was less than 0.5 mcs).

TEST DATA

The test data is presented in a series of polar plots in the
Appendix. Series 6 (a-e) are data, taken at the 1 A height for
various man-positions, series 7 (a-e) at 32 /4, series 8 at /2,
series 9 at A/k, and series 10 with the beacon on the platforas.

("
17
50
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5.3  TEST DATA (contimued)s

5¢5

Series 11 compares the relative signal strengths for a fixed
receiving antenna height versus the transmitter positioned at
50-150-764 feet in ground distance from the tower.

COMPUTATIONS

None

'RESULTS AND RECOMMENDATIONS

It is felt at this writing that this problem presents so many
variables that the recommendations should be limited to the more
goneral as in 4.0 above. Additional data is currently being
worked up using a receiving antenna of much narrower beamwidth to
eliminate the possible effects of the steel tower in the background.
More int&mtipn needs to be obtained for the low angle-long range
operational situation. There is evidence of from 4«5 db loss in
effective power from the beacon transmitter with a 5% decrease in
battery voltage; this also is a subject requiring further study.
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6.0 APPENDIX

6.1 Photographs 1, 2,3, & b
6.2 anh. 6. - 1lle
6.3 REFERENCES

6.3.1 Instruction Msaual for NM30A Field Intensity Meter, Stoddard
Aircraft Redio Corporation, Iamc.; June 1, 1954

6.3.2 MIL-R-22633A (WEP) Military Specification for Radio Sets AN/PRC-49
and AN/PRC-49A; 1 May 1963



FIGURE #1
SPG-59 Radar Boresight Tower

Note position of the antenna at

the 4th section from the top of
the tower
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4,2 Aircraft Receiver Study
4.2.1 Evaluation

The main purpose of the study program directed toward the air-
borne receiver portion of the Beacon/Locator System was to determine those
factors which directly affect receiver sensitivity. When these factors were
identified, their effect on receiver sensitivity was measured. It was possible,
then, to vary some of these factors and note the effect on receiver sensitivity
and, consequently, received beacon range.

In this report, these factors have been divided into three major
areas. These three areas are not to be taken as completely independent of each
other. However, for clarity of discussion it is convenient to describe these
factors affecting receiver sensitivity as Procedural, Installation, and Specifi-
cation Factors.

The most important Procedural Factor affecting receiver sensi-
tivity is the use of receiver "squelch" action. Squelch is a means of auto-
matically silencing the audio output of a receiver when no transmission is
being received; and is a widely-used technique in communications systems, both
military and commercial. This technique avoids subjecting the pilot or operator
to the noise output of a receiver which is not receiving any transmission. A
perfect squelch action would silence the receiver output only on noise. When a
signal at the receiver antenna terminals reached a level high enough to be recog-
nized as a desired signal, even though considerable noise was also present, such
a perfect squelch would allow the output of the receiver to be heard or in some °
manner alert the operator to the presence of the desired signal,

Unfortunately, such a perfect and reliable squelch action is
nearly impossible to achieve under normal operating and maintenance conditions.
In, fact, a limited survey of squelch action in operational aircraft indicated
a wide-vrange of operation for guard receiver squelch. Beacon range tests at
Patuxent River Naval Air Test Center indicated typical receiver sensitivities
of 0.5 to 5 microvolts.l The ratio of the minimum signal required (0.5 micro-
volt) to the maximum signal required (5.0 microvolts) is:

5.0

0.5 = 10

Expressed in db, this represents a variation in receiver sensi-
tivity of 20 db. Some indication of what this means in nautical miles of bea-
con range can be illustrated by the following example. Suppose the search air-
craft to be flying at 10,000 ft. altitude. The beacon signal, intercepted at
40 miles, 18 just recognizable. A 9 db increase in receiver sensitivity would
provide the samg signal conditions at a range of 80 miles. So, with a possible

1/ Operational Evaluation of Beacons, Second Interim Report ST-29R-66.
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20 db variation in receiver sensitivity we are faced with a variable which could
account for somewhere between a 100 per cent to 200 per cent variation in beacon
received range. Even if we are optimistic and assume that, on the average, the
squelch action will indicate the presence of a 2 microvolts signal--this is
still approximately 10 db greater in level than what most of the receivers are
capable of detecting if the squelch action were not operating to cut off the
audio output of the receiver. This means, of course, that the beacon received
range is reduced approximately 100 per cent from what it would be without the
squelch action.

Some of the older radio sets do not provide the pilot with any
control over the guard channel receiver squelch sensitivity. In these instal-
lations, the guard receiver sensitivity varies with time and temperature approxi-
nately 9 db.

The majority of the radio sets do allow the pilot to adjust squelch
sensitivity of the guard receiver to the point where noise alone will be heard
(in other words, disable the squelch). But, with this control of squelch sensi-
tivity, another factor enters the receiver sensitivity picture. This factor is
simply the technique or procedure the pilot uses in adjusting squelch sensitivity.

The usual procedure for the adjustment of squelch is as follows:

With no signal present, the sensitivity control is advanced until

noise is heard in the pilot's headset. The sensitivity control is then
"backed-off" (turned in the opposite direction) until the noise is just
cut off. This is certainly better than having no control over receiver
squelch sensitivity, but again, a fairly large variation in signal level
required to "break" squelch and allow such signal to be heard will exist
because of the very slight variation in the manner pilots or operators
"back-off" on the squelch sensitivity.

Measurements of this squelch sensitivity setting variation per-
formed in the laboratory and on the flight line at Patuxent River indicated as
much as a 6 db variation in receiver sensitivity due to operator procedure.

It is evident from the preceeding discussion, that the use of
squelch and optimum receiver sensitivity are largely incompatible requirements.
This problem is further commented upon under Recommendation.

As for Installation Factors, one has already been mentioned: that
is, in some aircraft the pilot has no control of the guard channel receiver
squelch sensitivity.

In all of the installations, the guard receiver must share an
antenna with the main channel receiver without the benefit of any coupling
device. This has the effect of decreasing receiver sensitivity approximately
3 db below actual receiver capability. This may seem inconsequential compared

4,2
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to the larger sensitivity variations already mentioned, but in an over-all
evaluation of guard receiver sensitivity deserves notice.

Specifications which determine receiver acceptability for opera-
tional use are the limiting factor on receiver sensitivity. That is, just what
limits should be set with regard to accepting or rejecting a particular receiver
for operational use. Great emphasis has been placed on the detrimental effects
of squelch action on a receiver being used to intercept possibly very low level
signals from a beacon transmitter. Let us now assume that all aircraft have
been equipped with guard receivers with which the pilot can disable the squelch
action and listen for the presence of such a low level signal.

The pilot may or may not hear a very low level signal, depending
largely on the level of the internal noise generated in the receiver itself.
We are interested, then, in a figure of merit with regard to sensitivity in
order to compare receiver sensitivities. This figure of merit is known as
noise factor, and is the ratio:2

Pgi Where: Pgy is Signal Power Input
Pei/é P,i is Noise Power Input
no
And: P, 18 Signal Power Output
Pno is Noise Power Output

This is generally expressed as Noise Figure by taking the log of
the ratio indicated.

A limited number of guard receiver modules from ARC-27 and ARC-52
sets were checked in the laboratory, and noise figures of 14 to 18 db were
obtained. This compared favorably with the value of 20 db assigned as ‘'typical
by the authors of the Johnsville U.S.N.A.D.C. Report of July, 1964.3

Because of these relatively high noise figures obtained, it was
decided to expend some effort toward simple modifications to existing guard
receiver modules aimed at noise figure reduction.

The ARC-27 guard module was the most promising since it used the
older miniature tubes. The pentode R.F. amplifier was changed to a low noise
neutralized triode, and the triode mixer was changed to a pentode type. The
modification involved removing the R,F. input and interstage L.C. units and

2/ Reference Data for Radio Engineers, I.T.T., Fourth Edition.

3/ Air-Sea Rescue Survivor Communication/Location Study, Report No. NADC-EL-6432,

4.2



replacing them with ceramic form-slug tuned coils. Also, some re-wiring to
the tube sockets was required. However, no drilling or mechanical work was
required. The noise figure of the unit modified was reduced from 14 db to

7.5 db, an increase in receiver sensitivity of 6.5 db. This would result in
at least a 60 per cent increase in beacon received range. As of this date we
have not been able to flight test this modified ARC-27 module. A schematic of
this modification is included on page 5 as Figure 4.2.1-1.

The ARC-52 guard module held less promise of decreasing the noise
figure a significant amount. This was true because the noise figure of a
properly-tuned ARC-52 guard module is approximately 14-18 db, and the subminia-
ture tubes used have not seen a newer improved version made available as was
the case with the miniature tubes in the ARC-27., However, the input circuit
was modified to optimize noise figure. This resulted in only a 3 db improve-
ment in noise figure as can be seen from Table I of Keltec Report Number Three.

In order to correlate calculated beacon range increases resulting
from increased receiver sensitivity with actual achieved range increases, a test
flight was conducted at Patuxent River. A standard production model A.C.L.
receiver with a noise figure of 4.5 db was flown in an S-2 aircraft in comparison
with the ARC-27 main channel receiver. The results of this test are detailed in
Keltec Report Number Four. The data recorded in Table 2 of Report Number Four
indicates a range improvement of 200 per cent to 300 per cent. It should be
pointed out, however, that the range increases shown do not indicate the improve-
ment in range due to increased receiver sensitivity alone. If the squelch action
had been removed from the ARC-27 receiver, it is safe to say that the beacon
signal would have been readable down to a signal level of approximately 0.8
microvolts, or -109 dbm so that we obtain =112 dbm for a recognizable beacon
signal using an AN/ARC-27 without squelch, and not sharing the antenna with
another receiver. This figure then compares with -121 dbm for a recognizable
beacon signal with the A.C.L. test receiver.

The 9 db difference (-121 dbm) - (-112 dbm) between these adjusted
figures is due entirely to the differences in noise figure between the ARC-27
and the A.C.L. test receiver. Because of the radiation characteristics of the
beacon antenna, it is difficult to state a constant range improvement factor
resulting from the 9 db increase in receiver sensitivity. Radiation character-
istics and aircraft altitude would cause this range improvement factor to vary.
However, as a typical example, the beacon range would be at least doubled at
10,000 ft. altitude to a maximum of at least 100 miles.

The correlation between calculated range improvement and actual
measured improvement due to increasing receiver sensitivity was excellent and
has enabled us to state fairly definite percentage range improvement figures
throughout this report. Figure 4.2,1-2 on page 6 1llustrates approximate

4/ Air-Sea Rescue Beacon/Locator System Studies, Progress Report No. Three.

4.2

T4 093



ol 095 nN_W

NOWWYDIA\QOW LZ-DWVY /-I1T¥ 3IMNoI14
. P

T

%

- oog

033

WD INYA
AALNID AVIN 2SE8O HiAlM
AVMNYMNOSEY H04d Av2addas LIgn

T SY 3Ys '
AIAM™NNOL DONS ALHM
Wauo4 Jvaad via% 21

¢, Pt )
8181 oL=—1| -——— e 5509 024" L1 Waod wia)g 1\
ol IANDIAN 9P S'L
20N Liet
(oloas 3d0\1z1)
e 4 ,— a
B | . 2 & B -
znmmw Wﬂmn— AQ0)\ Wmnﬂ_
005 -
® I
S2 L
T g
M0Z2 28
v &) 2 o %A
™ -
\ = oA X
logl »0< g . <
=31 L)
AN 208A
! 22 (vouo3s 2001034)
" — R 1 i i ) === ] IIL

<



BEACON RANGE
versus
RECEIVER NOISE FIGURE

MAXTMUM RECEIVED BEACON RANGE NAUTICAL MIIES

(AIRCRAFT AT 10,000 FT. ALT.)

100

90

80

70 |

50

Lo .

30

20 |

10 |

3

5 10 15
RECEIVER NOISE FIGURE IN db

BEACONS ARE AN/PRC-L9 AND URC-10

FIGURE 4.2.1-2

20

.00



range improvements with increased receiver sensitivities. This curve was pro-
jected for a receiver with no squelch action, and indicates the range improve-
ment due to decreasing receiver noise figures alone.

It should be noted that the curve indicated in Figure 4.2.1-2 can be
applied only to aircraft receivers at 10,000 ft. altitude. Due to the radiation
characteristics of the beacon antenna, the information indicated in Figure 4.2.1-2
cannot be applied to aircraft receivers at altitudes other than 10,000 ft.

Figure 4.2,1-2 is meant to convey in a general manner the effect of receiver
noise figure on beacon range.

4,2,2 Recommendations

The greatest factor affecting consistently good beacon range, in
terms of the guard receivers, is the use of squelch on these receivers. The
evaluation portion of this report points out the very deterimental effect of
squelch operation on a receiver being operated to detect very low signal levels,

One of the first steps taken in any program to improve aircraft
guard receiver performance should be the modification of those radio sets which
do not allow the pilot to control squelch sensitivity of the guard receiver.
These sets should be modified to make the guard receiver squelch sensitivity
control available to the pilot on all aircraft equipped with guard receivers.

Maintenance personnel should be instructed to include in the
radio check procedure a check to make certain first of all that the guard
recciver squelch action can be disabled by the pilot's control. With the
squelch disabled, a sensitivity check of the guard receiver should be con-
ducted as outiined in Figure 4.2.2-1., Properly operating guard receivers
will meet this check easily and will insure that guard receivers are operating
to their capability.

Pilots and/or radio operators should be instructed in the opti-
mum use of squelch when engaged in search missions. The squelch should either
be disabled occasionally for short intervals to listen for a beacon signal in
the noise, or disable squelch and adjust receiver audio to a level where noise
may be monitored without undue discomfort.

Following the recommendations of the three preceeding paragraphs
will result in more consistent and reliable beacon received range. Omne of the
major factors in the wide variation in beacon received range has been the use
of "standard" squelch procedures. The recommendations so far presented could
be implemented in & minimum of time.

Work already accomplished at Astro Communications Lab. has
indicated a possible 6 db improvement in the ARC-27 guard receiver module. If
the number of ARC-27 guard receivers in use warrants such action, a quantity of
these receivers could be modified and then flight tested to obtain an average
beacon range improvement due to this modification. ‘

4,2 B
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During the course of this study program a number of areas of pos-
sible future investigations became evident, but were not pursued because of the
limited nature of this phase of the study.

The use of a narrow band pre-amplifier ahead of the guard receiver
to improve guard receiver sensitivity could be investigated. This would require
modifications to the aircraft antenna switching or possibly the radio set itself.

Since there appears to be no simple modification available to
improve the noise figure of the ARC-52 guard receiver any significant amount,
an investigation into a more extensive modification to the R.F. stages of this
module might result in considerably improved sensitivity for this module.

A test series should be started to determine the operational
characteristics of some of the newer r=ts (such as AN/ARC-51) to see if some of
the obstacles to optimum guard receiver performance have been removed.

4,2
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4,3 Reports and Memoranda

Included in this section are some of the reports and memoranda which
were prepared in the course of this study. Reference is made to these documents

in the body of the report., Some of the conclusions and recommendations presented

in Section 3 relate directly to material presented in more detail here.

4.3.1 Memorandum: "Estimated Levels of Rescue Beacon Range for Detection

The analysis presented in the memorandum reproduced here was the
first which was made as part of this study. It was prepared by Dr. Frank Bader
of APL. In this memorandum, some of the problems which needed to be studied
were listed, and estimat  of what range could be expected from these beacons
were made., For these ccmputations, estimates were made of various conditions
existing in the rescue beacon systems,

4,3,1 Pages 4,3.1-2 through
4.3.1-9 follow, (Refer to
-1 - original document pagination,)
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SLS=-126-65
' 7 29 October 1965
To: Dr, R, G. Bartlett
From: Frank  Bader
Subject: Estimated Levels of Rescue Beacon Range for Detection
SUMMARY

This memo presents a crude analysis of the effect
of certain variables upon the detection range for a rescue beacon,
The calculations are based solely upon plausible estimates and are
intended to shovw the effects of factors which determine this range,
Practically, a 30 nautical mile range may represent good performance
for a 0,25 watt rescue beacon used with a good receiver having 10
kilocycle receiving bandwidth, The beacon is tone modulated between
300 - 1000 cycles so the receiver bandwidth might easily be reduced
to a 2000 cjcle value (1/5) with an increase in range inversely pro-
portional to the square root of this ratio ( : ) or by a factor
of 2,2 producing possible ranges (if not 11n¢;o; sight limited) of
100 nautical miles, '

INTRODUCTION

Upon ditching, s downed crewman may be quite distant
from rescuers and may wish to "broadcast" an alarm, Apparently two
frequencies are commonly used; one around 20 megacycles, and one
around 243 megacycles, Effective use of a 20 megacycle rescue beacon
would entail an antenna about a quarter of & wava (12 feet) long, and
not feasible for inclusion with an aircrewman's imited wciﬁht personal
survival kft, The 243 megacycle frequency involves an antenna of only
about one foot length extended and the whole beacon can be miniaturized
at the cﬁpcnlo of power and endurance to readily fit the crewman's sur-
vival kit, Since the generally used aircraft direction finding equip-
ament opcrctoi in the 200 megacycle band area, the 243 megacycle signal
is a noccooitj for aircraft rescue, The discussion in this memo will be
coqfincd to the 243 mc ("UHF') frequency,
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Seven principal factors determine the maximum range
for which the 243 megacycle beacon is receivable,
' (1) The pover radiated by the downed aircrewman's
beacon, ‘
(2) The antenna pattern of the beacon as established
by construction of the equipment and modified by the feflccting in-
fluence of the crewman's body, the reflecting surface of the sea, and
the attitude at which the crewman holds the beacbn.V .
(3) The modulation characteristics of the beacon,
(4) Receiving antenna gain and directional pattern of
the aircraft,
(5) The noise environment of the aircraft,
(6) Thé.band pass and noise characteristics of the
sircraft receiver,
(7) The selectiveness of the ''detector" in recognizing
the beacon tone from the radio beacon in a background of noise.
" The receiver characteristics are limited by the char-
acteristics of the rescue beacon tone modulation, the possible drift
of the radiated rescue beacon frequency, by the stability of tuning -
of the receiver itself, and by the amount of ''noise" present in the
receiving environment, One needs observe that the '"guard" band upon
vhich distress signals are radiated is also used for general rescue
comnunications, The wisdom of this seems questionable to the writer, .
but rescue operations procedures have evolved in an empirical way and
one cannot change this without reorganizing the rescue organizations,
It, thus, follows that one cannot home upon just any 243 megacycle sig-
nal in a rescue operation because the search craft also use this for
communications and would end up homing on each other, One can home only
upon the 243 MC signal which is tone modulated from 1000 cycles/sec,
to 300 cycles/sec, two or three times a second,
’ The receiver bandwidth must then be wide enough to re-
ceive the beacon signal allowing for:
(a) The inaccuracy of the nominal beacon crystal frequency,
(b) The drift of the nominal crystal frequency of the
beacon due to changes in ambient temperature and environmental effects,
(c) The inaccuracy of the nominal frequency of the guard
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(d) The drift of the receiver oscillator crystal
frequency vith ambient temperature (this should be small as this
crystal can be oven temperature stabilized), _

Items (a) and (c) tend to be held to accuracies on
the order of +0,03% so that total frequency error between transmitter
and receiver due to these factors alone may be +0,06% or about 14,400
cycles/sec, Statistically this may be a "3¢" condition exceeded in
random gaussian situations only 1/2% of the time, with 2/3 of this
value exceeded in only 5% of the time so that one might use receiver
bandwidths as low as 10,000 cycles exclusive of items (b) and (d)
vhich may further raise the required receiver bandwidth, The receiver
"audio" bandwidth needs to be wide enough to pass the beacon tone
modulation in a ;ocogxi:lnble wvay (300 - 1000 cycles), These consider-
ations apply only 4s is done if the aircraft guard band receiver is
fixed tuned, If a tuned receiver is used, the receiver bandwidth
need be only twice the useful modulation frequency (about 2 kilocycles
total), ' .

The transmitting and receiving antennas need to be
relatively omnidirectional, The crewman cannot count on rescue from
a particular ‘direction and the rescuer does not have a rc.ady capa-
bility to rotate a high gain directional antenna with respect to his
aircraft, Usually both are quarter wave antennas conbined with ground
planes or counterpoises, |

' The "static" environment of the aircraft may not be
negligible, and if flying over urban aress, the existance of electric

. power operated devices creates noise fields on the ord_er.of 15 micro-

volts/meter within a 10 kilocycle bandwidth at 240 megacycles, Maxi-
oum uniful_. receiver sensitivity may, under some conditions, be set by
this factor,

: In a "static" background, a listener may need about 6 db
(four fold power factor) to readily discern a beacon signal in noise
and one will probably. need a 12 db (eight fold power ratio) to communi-
cate intelligibly, The acoustic noise background of the aircraft may
add itself to the sound heard by the rescue aircraft crewman,
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ANALYSIS

A proper prediction of effective recognition ranges -
for rescue beacons can be made only when one knows the seven specific
factors defining the system, It is possible to calculate the capa-
bility that the system should be able to have under reasonable con-
ditions, These appear to be: \ .

(1) The beacon radiates all its power at the npeéified
frequency and the audio modulation sidebands. '

(2) The beacon antenna pattern is that of a vertical
quarter wave radiator above a perfectly conducting ground plane,

(3) Radio frequency noise is that typical of an urban
area, 15 microvoltn/meter in 10 KC bandwidth at 240 megacycles, (an
Qooumption of RF noise in aircraft),

(4) The radio receiver has a ten kilocycle bandwidth,
in detection, this'folds over" into a 5KC noise spectrum, At present,
the crewman probably hears the whole noise spectrum but the audio
amplifier circuits could reduce the bandpass to about 1500 cycles with-
out degrading speech or beacon tone signals,

(5) The aircraft receiver has a '"moise figure" repre-
sentative of the state of the art (about 0,5 microvolt/meter field
strength at the receiving antenna,

(6) A relatively non-directional dipolereceiving antenna,

For these conditions, using data and equations from
the handbook ""Reference Data for Radio Engineers", 4th edition Inter-
national Telephone and Telegraph Corp,, Chapter 23, Antennas, one finds

(a) The beacon field strength at the receiving antenna E,
(only half of the picked up voltage reaches receiver), '

2 -
o 3 SOV iRad Microvolts/Meter/Watt radiated power
R Naut, Mile

Equation 1: E
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(b) The voltage input to the receiver (assuming no

coax cabling losses) Erec

%
Equation 2: g 810 Microvolts/Watt

Trec R Rad Naut, Mile
(Note that only # of this is available to receiver,)

This radiated power for a PRC 49A beacon is about %
vatt on and off for intervals around % second during the beacon oper-
ating phase, If the limitation on the aircraft i{s the radio frequency
noise level - possibly around 15 microvolts/meter in space - then one
must have several times this value for the beacon field strength, and
in either, even the noise figure of a good 240 MC receiver (about 0,5
MV/M) will be negligible, Using Equation (1), our range for 30 micro-
volts (4:1, signal: noise power ratio) signal will be

2625
RMnx =3 - 8?.5 N Miles

By narrowing bandwidth, this fac