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'PREFACE

This document has been prepared for a number of audiences interested in police
traffic radar. They include police agencies that use radar equipment to
enforce speed laws, the legal community that depends on the accuracy and
reliability of radar evidence to support speeding citations, and the radar
manufacturers. The report provides the reader with information about all

of the research work regarding police traffic radar completed by the National
Bureau of Standards (NB8S) under an interagency agreement with the National
Highway Traffic Safety Administration (NHTSA).

There are three chapters in this report. The first chapter provides an overview
of the current status of police traffic radar for speed enforcement. It
sunmarizes the Federal Government's activity in this area since 1977 and
reiterates NHTSA's recommendations regarding the future use of radar for

speed enforcement. (See the NHTSA position paper entitled "Police Traffic
Radar,” published in 1980 as a NHTSA Technical Report No. DOT-HS-805-254

for a more complete presentation of this material. )

The second chapter discusses the recent proposed rulemaking activity for
performance standards for police traffic radar as they were published in

the Federal Register (46 FR 12097). However, the Agency has decided to termi-
nate the rulemaking process. In place of a performance standard, model perfor-
mance spec1f1cat1ons are being published in the next chapter of th1s document.
The rationale for changes the Agency has made in the proposed performance
standards before they are being released in the form of mode]l performance
specifications are. included in this chapter.

Chapter 3 presents the actual mode1 specifications for police traff1c radar,
along with recommended procedures whereby radar devices can be tested to
assess whether they meet the proposed guidelines.

Finally, Appendix A prov1des the reader with a model "Request for Proposals”
(RFP) for traffic radar prepared by the Michigan State Radar Commission.

We endorse the format suggested in this model RFP and would encourage other
States and local jurisdictions to consider using it when procuring police
radar equipment. Of course, we recognize that many State and local jurisdic-
tions may have unique requ1.ements and would need to modify such an RFP to
meet their needs v

Append1x B repr1nts the text of our recent report descr1b1ng field strengths
of 20 models of radar units. A .copy of the complete report is available

upon request. ("Field Strength Measurements of Speed Measur1ng Radar Units,"
(1981), NHTSA Technical Report. No. DOT-HS-805-928.)







CHAPTER 1--OVERVIEW




Police traffic radar has been used to detect speeding motorists for about

30 years in this country. During that time radar speed measuring devices

have evolved from the original bulky stationary models to the present compact
and sophisticated models capable of monitoring vehicle speeds in both stationary
and moving modes. These technological advances have greatly enhanced the
mobility, efficiency, and effectiveness of police traffic radar operations.
However, highway safety and traffic law enforcement officials are now faced
with a dilemma since the same technological advances that enable increased
productivity and efficiency have also witnessed closer scrutiny by the courts..
In addition, the public is beginning to question both the reliability and
accuracy of radar devices and the adequacy of police radar operator train-

ing.

At the present time, there are no nationally recognized performance standards
for police traffi¢ radar speed measuring devices. Further, operator training
requirements, which have traditionally been established by each individual
police agency (usually with the assistance of the radar manufacturer), range
from less than one hour to several days. The quality of operator training
often has not kept up with the technological advances. In many cases, training
has been limited to teaching the officer how to set up, test, and operate

the device. A1l too often, failure to provide detailed training in recognizing
and avoiding the electronic anomalies associated with modern traffic radar
devices has led police officers to believe that radar devices are infallible.

A highly publicized Dade County, Florida evidentiary hearing regarding the
reliability and accuracy of radar illustrates the type of challenge now being
encountered. The hearing, conducted by Judge Alfred Nesbitt in April 1979,
focused on two issues. First, whether radar speed measuring devices currently
produced are reliable enough to be used as evidence; and second, whether
police officers are receiving adequate training in the proper operation of

the devices. After nine days of testimony, during which experts from both
sides were invited to testify, Judge Nesbitt ruled: « :

. that the reliability of the radar speed measuring
devices as used in their present modes and particularly
in these cases, has.not been established beyond and to
the exclusion of every reasonable doubt ... .

While the Dade County hearing did not trigger the predicted nationwide demise

of police traffic radar, it has highlighted the fact that there are circumstances
where radar has its limitations. Subsequent court decisions such as State

of New Jersey vs. Wojtkowiak and State of Hawaii vs. Earl W. Fedje, et al.,
generally have upheld the reliability and accuracy of police traffic radar.
However,. the message. from the courts is clear: highway safety and law enforce-
ment administrators must ensure that radar operators receive adequate training,
including recognition and avoidance of the electronic anomalies associated

with such devices. Operators must be able to demonstrate their competence

with the unit under varying conditions in supervised field performance tests.

In addition, the radar manufacturing industry should implement strict quality
control measures to ensure the reliability and accuracy of their equipment,

and continue to secarch for ways to improve the target identification capabilities
of present radar devices. C :




The courts, as well as some radar critics, also have pointed out the need

for State-level policy. guidance for police radar enforcement programs. The
immediate reaction to such criticism tends to be defensive. Perhaps this

is an appropriate Lime to review radar programs from a constructive viewpoint.
Af ter evaluation ot present programs, highway safety and law enforcement
officials should Jevelop and implement cumprehensive policies and procedures
to ensure that police traffic radar is used properly and that traffic safety
and energy conservation goals are achieved. State-level policy guidance

would provide the added benefit of increased uniformity within a State and
encourage statewide development of standard operating procedures. This would
enhance voluntary compliance as the motorist. travels through the many jurisdic-
tions within each State.

NHTSA has sponsoréd two programs which should upgrade both the reliability
and credibility of police traffic radar equipment and the quality of operator
training. ‘

Equipment :

In August 1977, before the above issues were raised publicly, NHTSA entered
into an interagency agreement with NBS to develop performance standards for
police speed measuring devices. The NBS has inventoried all police speed
measuring devices (radar and nonradar) used in this country and has developed
or is developing comprehensive performance specifications for each speed
measuring device category. The draft performance standards for radar devices
were completed and submitted to NHTSA in November 1980. On January 8, 1981,
these specifications appeared as a proposed rulemaking in the Federal Register
23 CFR 1221. Nineteen comments were received and reviewed in response to

the proposed rule:. The comments that were appropriate were synthesized into
the model radar specifications which are presented later in this report.

It is hoped that these model specifications will assist police administrators
in making more informed purchasing decisions. - _

In addition, we asked NBS to conduct special performance tests on the six
radar devices identified in the Dade County hearing. The purpose of this
project was to test each of the six radar units to observe their operational
capability in certain operating situations or environments that were described
in the hearing. The preliminary test results confirmed that the six devices
produced reliable and accurate speed measurements. However, NBS also determined
that there are certain operational situations which may lead an inattentive

or untrained operator to obtain an inaccurate reading or to associate the
speed indicated on the radar device with the wrong vehicle. NBS also points
out the potential for.obtaining an erroneous reading on a target vehicle

under certain conditions when the radar unit is operated in the moving mode.
Judgemental errors may occur if police radar operators do not understand

and avoid.the specific circumstances which give rise to these anomalies.

It is also clear that police administrators must ensure that radar devices
are properly maintained and periodically tested-and calibrated. Written
policy defining maintenance and calibration procedures should be established
in each agency. The procedures should define the conditions under which
each device should be calibrated by a licensed technician. As a minimum,




we recommend that each radar unit be tested for measurement accuracy annually.
The written policy should specify that accurate maintenance, repair, and
calibration records for each device should be established and maintained.

by the agency. These records should be available to the courts, whenever
necessary, to verify the accuracy of the device.

While NBS evaluated the six devices mentioned in the Dade County hearing,

NHTSA also sponsored a parallel effort to measure the microwave field strengths
surrounding 20 models currently in use. The purpose of these measurements

was to determine whether the microwave field strengths fell within the exposure
limits set by the Occupational Safety and Health Act (0SHA), or new, more
stringent proposed standards set by the American National Standards Institute
(ANSI?. This effort was also undertaken in response to the 1976 International
Association of Chiefs of Police (IACP) resolution calling for government . .

concern and involvement in this area.

In sum, the assessment found that even with continuous exposure, no measurements
at the aperture of the antennas of all devices tested exceeded the maximum
acceptable OSHA exposure levels or the proposed ANSI exposure levels. In

the typical case when the operator is clearly not directly in front of the
antenna and is no less than three feet or more away from the aperture, the

field strengths'were either not measureable, or were several orders of magnitude
less than the maximum exposure levels allowable. ' :

The text of the NHTSA report prepared by NBS ("Field Strength Measurements
of Speed Measuring Radar. Units, NHTSA Technical Report No. DOT-HS-805-928)*
is available in Appendix A. : , - Co

Training:

In July 1980, NHTSA published and circulated a draft model basic operator's
training course in radar speed measurement. The final edition is slated
for publication in January 1982. The overall goal of this training program
is to improve the effectiveness of speed enforcement through the proper and
efficient use of police traffic radar devices. The specific objectives of
the radar course are to develop and/or improve the trainee's ability to:

0 -Descrjﬁe fhe assocjation'betwéen éxcéSsiVé speéd aﬁdiéccidents,}
- deaths and injuries, and describe the highway safety benefits of
effective speed control. o S

o Destribe the basic principles’o? radar speed measurement.

Y Acquire and.demonstrate basic skills in testing and operating the

specific radar instruments.

*Copies of the complete report may be obtained from the NTIS, Springfield,
VA 22161 under #PB 81 - 240 079. 4 ' ' o




‘0 . ldentify the specific radér instrument(s) used by the trainee's
agency and describe the instruments major components and their
functions. . ,

) Identify and describe the laws, court rulings, regulations, policies
and procedures affecting radar speed measurement, and speed enforce-
ment in general.

0 Acquire and demonstrate basic skills in preparing and presenting
records and courtroom testimony relating to radar speed measurement
and enforcement.

The radar training course is designed in a modular format to provide maximum
flexibility for the user. It is comprised of eight units, each of which

has specific performance objectives.  The formal classroom training comprises
a block of 24 instruction hours. Upon successful completion of a written
exam, the trainee must undergo a minimum of 16 instruction hours of supervised
field practice. After completing the course of instruction, the trainee

must be able to demonstrate his operational (real world) competency before
being certified to take enforcement action based on radar speed evidence.
Recertification of all operators should occur within not less than one nor
more than three years.

Although this course focuses on enforcement and is intended primarily for

the police patrol officer, we recommend participation in the training program

by traffic adjudication personnel, e.g., judges, administrative hearing officers,
prosecutors, etc. Such personnel routinely decide upon the admissibility

and weight of radar speed evidence, the strengths and weaknesses of the instru-
ments, and the capabilities and limitations of the operators. This type

of training will provide adjudication personnel with a good working knowledge

of radar speed measurement principles and an understanding of the issues

relevant to judicial deliberations. - : :

ConclhsionS/Reconmendétiohs:"

NHTSA believes that police traffic radar is an effective enforcement tool.

The. role of police traffic radar. in traffic safety enforcement continues

to be of critical importance. Police traffic radar provides a means of increas-
ing enforcement effectiveness and thus enables police administrators to better
cope with the scarcity of manpower resources and rapidly increasing fuel

costs.

Highway safety and law enforcement officials should recognize the fallacy

of purchasing radar devices solely on the basis of economy without due regard

to their performance capabilities. These officials must also recognize the
importance of greatly improved operator training and State-level policy guidance
to ensure high quality and more uniform police radar operations throughout

a State. Inaction on these issues by State and local highway safety and

law enforcement officials may well result in judicial limitations governing

the use of police traffic radar.




It is important that each State develop a comprehensive radar speed enforcement
program which, as a minimum, embraces model performance specifications for
radar operator training, operator certification, and policy/procedural guidance.
Accordingly, each State is strongly urged to:

0 Adopt the NBS/NHTSA model radar speed measuring device performance
specifications and require police agencies to purchase devices
meeting those specifications.

0 Develop po]1cy guidelines to ensure that radar speed measuring
devices receive proper care and upkeep and establish clear procedures
for programmed maintenance, testing, and calibration.

0 . Ensure that adequate maintenance and calibration record systems
(suitable for introduction as evidence in court) are developed
and maintained by each agency using radar speed measuring devices.

0 Adopt the NHTSA radar operator training program or its equ1va1ent
as the statewide minimum training standard :

0 Develop a comprehensive State-level radar operator certification
. program and provide for periodic recertification (every 1-3 years).

0o - Develop police radar workshops and seminars for traffic adJud1cat1on
personnel. . .

0 Establish State-level pol1cy/procedura1 guidelines to ensure proper
use of police traffic radar in meeting traff1c safety and energy
conservat1on goals and obJect1ves

Implementation of these measures shou]d result in s1gn1f1cant1y improved
and more uniform radar speed enforcement programs both within the individual
States and nationwide. Their implementation is necessary to establish a
sound legal. foundation for radar speed evidence and to restore public and
Judicial confwdence in radar enforcement programs.

- -8-




CHAPTER 2

DISCUSSION ABOUT THE MODEL PERFORMANCE SPECIFICATIONS




Introduction'

After thorough review of comments received in response to the proposed rulemakin
for performance standards for radar speed measuring devices (see 46 FR 2097-2120?,
the Agency has decided to terminate the rulemaking process. The benefits

of the proposed rule can be achieved without the issuance of a Federal regulation.
Therefore, NHTSA is releasing the results of its technical research on radar

to the public in the form of these model performance specifications found

in Chapter 3 of this report. The States and local jurisdictions are free

to adopt these specifications, if they choose.*

Background

For almost 30 years radar has been accepted by the courts and public as a
reliable tool for measuring vehicular speed. Its use to enforce traffic

laws has saved countless lives by deterring motorists from driving at excessive,
unsafe speeds. Its continued use and acceptance are vital to improve traffic
safety and to conserve energy. It is, therefore, essential that radar devices
be accurate.

Until this time, there have been no industry-wide performance standards for
police traffic radar devices. State administrators and purchasing agents

have had no definitive guidelines on which to base their purchasing decisions.
Recognizing these limitations, IACP passed a resolution in 1976 to seek support
from NHTSA for the development of "health,  safety and performance standards

for speed measuring devices, testing of the devices, and publication of tests
results.” ' ' : : .

As a result of the IACP resolution, NHTSA initiated efforts in 1977 to develop
performance standards for speed measuring radar devices to meet the needs

of the police. NHTSA called upon the expertise of NBS to determine the most
desirable and useful features of radar devices. NBS tests formed the basis
for the performance standard proposed by the Agency in a notice issued in

the Federal Register on December 31, 1980, (46 FR 2097). . B

The model performance specifications presented in Chapter 3 of this report
take into account the Agency's review of the comments submitted in response
to the proposed rule. Comments were received from six individuals, nine
State or local police .or traffic safety departments, three manufacturers,

and one university. All.comments are available for review or reproduction
in Docket No. 81-01, Room 5108, 400 Seventh Street, S.W.,. Washington, D.C. ...
20590. . - : _ S

Thrze commenters expressed their concern over the possibility that the issuance
of the standard would trigger challenges in the courts of pre-standard radar
devices. An examination of the implications of such challenges led NHTSA

to conclude that it has a duty to clarify its position regarding existing

radar devices. = C _

*Appendix B contains a model Request for Proposals (RFP) which State and

local jurisdications may consider when procuring radar speed measuring devices.
NHTSA is most grateful to the Michigan State Radar Commission for providing

us with this model RFP, which we endorse. Of course, individual Jjurisdictions
may need to modify this document to meet their own requirements.

-10-




The issuance of these model specifications should not be used by courts to
support challenges to existing devices. The specifications do not address

~ such units and are not to be interpreted as a statement of disapproval of
existing radar units. It is not the opinion of NHTSA that these units are
obsolete, that they should be discarded before the end of their normal useful
life or that citations based upon evidence derived from these devices will

be unenforceable in courts of law. On the contrary, recent tests conducted
by NBS led that agency to conclude that existing radar devices render reliable
and valid results when properly installed and used. NHTSA, therefore, must
dissuade any challenges to existing devices which are based upon the issuance
of these model specifications.

" To complement these specifications, NHTSA has also developed and widely distributed
a model operator's training course for users of police traffic radar. When

adopted by State and local jurisdictions, this model training course should

upgrade the quality of radar training that most police officers receive.

The training program, coupled with the performance specifications, should

ensure the continued reliability and accuracy of radar devices.

The requirements- set forth in the model specifications jssued here represent
those attributes and features of speed measuring devices considered most
desirable by a wide consensus of radar users, manufacturers, and courts. _
They are not intended to preclude or inhibit the development or introduction
of new technology in the radar industry. As such advancements are made,
the agency will incorporate them into the existing model specifications.

A number of minor changes and clarifications have been incorporated into
these model specifications as a result of suggestions made by the commenters
to the proposed rule. The most significant objections to the proposed rule
and the agency's responses are set forth below:

Minimum range. The proposed rule contained a provision which would have .
required each radar device operating in the stationary mode to correctly

measure and display the speed of a vehicle at a distance of 500 feet. Several
commenters stated that the test was not repeatable because the target description
and environmental conditions were not sufficiently specific. Some commenters
suggested defining the vehicle in terms of its cross section, while another
indicated that the exact make, model, and year of the vehicle should be specified.
NHTSA shares the commenters' concerns and has deleted this requirement from

the model specifications.

Radar horizontal capture angle. The proposed rule would have required manu-
facturers to specify the radar horizontal capture angle within 10 dB points
and to scribe or otherwise mark that angle on the top surface or antenna

of each radar device. After reconsideration of this issue, NHTSA has decided
that scribing the capture angle onto the antenna would not increase target
vehicle identification but could, in fact, mislead the operator in making

such identifications by leading him to false conclusions about the beam coverage
area. Operators must consider every approaching vehicle as a possible target
whose speed could be displayed on the radar device, regardless of its position
relative to the radar device. This requires the operator to consider all
target vehicles, including those outside the normal parameters of the beam

-11-




coverage area. The scribing requirement has accordingly been deleted from
the model specifications. : :

In addition to the potential confusion to operators, the requirement of a

radar capture angle label would also create several pragmatic problems.

Some radar antennas are quite small and have curved surfaces which could
distort the operator's perception of the size of the angle. Separately-mounted
antennas are frequently mounted in positions which would prevent the operator
from seeing the label while using the equipment, thus also causing a distorted
view of the angle of total inability to use it. The agency agrees with the
many individuals and organizations who commented that target identification
should be a function of operator training and thus has deleted these model
specifications.

Antenna horizontal beam width. Considerable attention has been devoted to .

the proposed maximum beam widths of 18 degrees for type I and II (X-Band)

radar and 15° for type III and IV (K-Band? radar devices. Suggestions range
from unlimited beam width for stationary devices to 5 degrees for all devices.
NBS conducted extensive tests in order to establish beam width values that
would result in reliable radar units. The 15 degrees maximum value for K-

band (type III and IV) devices was requested by the Intergovernmental Radio
Advisory Commission and established by the Fedrral Communications Commission
(FCC) for State and local government use of these devices.  For radar operating
in X-band frequencies, the testing showed that 18° maximum width will provide
satisfactory performance. Beam widths in excess of this value become susceptible
to environmental interference, thus reducing radar effectiveness. Beam widths
that are too narrow would result in bulkier, larger antennas, -and would also
make the development of a continuous target tracking history difficult.
Therefore, the beam widths as set forth in the model specifications are the
same as those in the proposed rule. : ‘

Operational Tests. The model specifications suggest that each radar device
not be susceptible to erroneous readings from test signals simulating normal
exposure to CB and police radios, patrol vehicle ignitions, alternators,
air-conditioners, and heater fans. Electromagnetic interference tests are
established to ensure compliance with these requirements. To further ensure
that devices are not prone to erroneous radiated energy signals, procedures
are established for testing the devices against interference from.CB and
police radios and adjacent vehicle radios in an actual operating environment.
The proposed rule would have also required operational field tests to be
conducted for interference from vehicle ignitions, alternators, air-conditioners,
and. heater. fans. After thoroughly examining the comments, the agency feels
that these latter requirements are adequately addressed in the laboratory .
tests and has,. therefore, omitted them from the model specifications. '

While some commenters suggested deleting all the operational tests because
the conditions in a field environment are necessarily more variable than
those in a labortory environment, the agency believes that the remaining
field tests cannot be simulated in the labortory using existing technigues
and that they provide essential data on the performance characteristics of
radar devices. -In order to minimize the effect of extraneous variables in
the field environment, the agency will insist that testing laboratories use
the same make and model vehicle for all field tests. :

-12-
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Speed Accuracy. One commenter suggested that the speed accufécy test should
_be conducted using a fifth wheel instead of a stopwatch. Such a change would

" provide accurate speed readings for -the target and patrol vehicles and eliminate

the necessity for a significant number of test runs on a measured course.

- However, after reviewing the requirements necessary for a fifth wheel, the

agency has concluded that the cost of conducting tests using two fifth wheels
greatly outweighs the benefits to be gained, and has therefore decided to
retain the stopwatch provisions.

Auto Lock. The elimination of the automatic self-lock capability represents

one of the most. significant features of the model specifications. The inclusion
of the automatic lock would have allowed the radar device to automatically

lock onto a vehicle traveling beyond a present threshold speed, thus making

it harder for the operator to identify the target being tracked. The auto

lock feature of the radar unit occasionally locks onto a vehicle other than

the one actually being tracked. By using a radar device without this feature,

a skilled and knowledgeable operator can develop a vehicle's tracking history
and thereby avoid virtually all of the alleged anomolous readings ascribed

to radar operation. The elimination of this feature is consistent with the
NHTSA training program which emphasizes that the tracking history is an essential
part of radar operation, ensuring proper target vehicle identification.

Audio Alarm.. The model specifications suggest omission of audio alarm features
which emit an- audio signal to alert the operator when a specific speed threshold
has been exceeded by a.target vehicle. Like the automatic self-lock, the
inclusion of this feature can tempt the operator to be careless in his efforts
to obtain a proper target history, relying instead on the alarm. In addition,
it sometimes disrupts the audio tracking capability of the operator..

Audio Doppler. The model specifications suggest that all devices be equipped
with an audio doppler feature, which correlates the speed of the target vehicle
with a sound emitted by the radar device and identifies any ambient interference
that may be present. It warns the operator when there is an excessive amount

of electromagnetic -interference, making use of the equipment inappropriate

for tracking vehicle speeds. It also helps the operator determine when traffic
is too dense to identify individual targets. The agency regards this feature
‘as highly desirable in obtaining a proper tracking history.

Patrol Speed Window--Moving Radar. Some commenters objected to the inclusion
of a window to display patrol speed on moving radar on the grounds that the
patrol speed could.be read directly from the speedometer. It is the opinion
of NHTSA that all moving radar operation should be conducted with devices
that have a patrol speed window which allows the operator to compare the
speed displayed on the radar devices with that registered on the vehicle
speedometer. This is the best way to properly identify and counter some

of the erroneous readings that can be attributed to moving radar operation.

Test Equipment. Specific suggestions were received from one commenter regarding
the selection of some the equipment to be used in the conduct of laboratory
procedures for testing. Of specific importance are the comments received

with respect to the single-side-band modulator, the pulse generator, and

-13-




the AM signal generator. The proposed equipment was selected after a signifi-
cant amount of testing by NBS laboratories. After careful consideration

of the suggestions and review of the NBS testing, we have decided to retain
the equipment specified in the proposed rule for the following reasons:

0 Single-side-band modulator (SSB). It was suggested that a double-
side-band modulator be used in lieu of the SSB because it is less
expensive and produces more accurate results. NBS test experience
shows that the SSB provides a clearer signal, generates less noise,
and provides more accurate and repeatable results. While the SSB
is more expensive, that increase will be approrimately five percent,
an amount not excessive when compared to the benefits to be gained.

0 Pulse generator. It was suggested that the required 20 volt peak-
-+ to-peak (20 v p-p) pulse generator is not necessary and that a
10 v p-p generator would be sufficient. However, actual test experience
utilizing a pulse generator with an output of 10 V p-p did not
provide-the desired results.

) AM signal generator. Another commenter expressed his opinion that
the AM signal generator in the proposed rule was over-specified,
suggesting that the 99 percent modulation should be reduced to
90 percent. A survey of CB radios shows that there are a significant
number that exceed the 40 to 70 percent modulation range. Therefore,
it is our belief that the higher modulation is essential in order
to include the widest range CB radios in the marketplace.

Manufacturer Provided Information. A number of comments were received concerning
the adequacy of manufacturer provided information. Only minor changes have

been made in that section of the model specifications. Manufacturers are
strongly encouraged to provide thorough instructions as to the proper installation
and use of their devices. These instructions will be used in conducting
operational tests. Inadequate instructions may reduce the clarity of procedures
that will be used when testing the devices. This situation can be ameliorated

by showing to the courts and the public that radar operators received proper
training and. instructions in the installation and use of radar devices.

As a final note to those commenters who expressed concern that a reference .
to conformity with -FCC regulations does not appear in the proposed rule,
NHTSA wants to emphasize that the issuance of these model specifications
does not conflict with any requirements established by the FCC or any other
requlatory body. AN applicable regulations must be complied with. It is
the responsibility of each manufacturer to be aware of those requirements
that his units must meet. NHTSA will assist those manufacturers who need’
guidance in this area, but does not consider these model specifications to

be the appropriate place to cite those requirements.

The agency still intends to be responsive to the 1976 resolution regarding
police traffic radar issued by IACP. Therefore, we have authorized IACP

to adopt these model specifications for radar devices. We expect them to

. provide their constituents with the best available guidance on police traffic
radar devices. The results of this work should fortify their efforts to '
assist the police in retaining these devices as effective law enforcement
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" tools, while allowing NHTSA,to meet-its ob]féations to provide technical
"assistance to the traffic law enforcement community. IACP's efforts will

. involve both (1) oversight of the research/testing program, in colleboration
. with the NBS and NHTSA; and (2) publication/dissemination of the results

of the testing to all interested parties.

NHTSA still believes a research/testing program is an integral part of the
assessment of radar devices. The purpose of this testing program will be

"to provide IACP and the police with definitive test data on how the radar

~ devices on the market perform when compared to the model specifications.

. Oversight of the testing program will be a cooperative effort involving NBS,
IACP, and NHTSA. We anticipate that IACP will publish the findings from

these test data in their Technology Assessment Program series, which is widely
distributed within the traffic law enforcement community.
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CHAPTER 3

MODEL PERFORMANCE SPECIFICATIONS
FOR POLICE TRAFFIC RADAR DEVICES*

*These specifications were prepared by tne Law Enforcement Standards Laboratory
(LESL) of the National Bureau of Standards under the direction of Marshal

J. Treado, Manager, Communications Systems Program and Lawrence K. Eliason,
Chief of LESL. John Wakefield provided the laboratory support required for
this effort. The project was completed under Interagency Agreement No. DOT-
HS-7-01697 with the National Highway Traffic Safety Administration.
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MODEL PERFORHANLL SPECIFICATIONS
FOR bPEED TIEASURING RADAR ‘DEVICES

Subpart A--General

section

1221.1 Scope.

1221.2 Purpose.
1221.3 App11cat1ons.

1221.4  befinitions.
Subpart B--Requiréments

1221.11 HNanufacturer provided equipment.
1221.12 Nanufacturer provided information.
1221.13 Labeling requirements.. -
1221.14 Tuning fork calibration requxrement.
1221.15 Radar device. tun1ng fork
‘requ1rement.: ;
1221.16 llicrowave transmission
requirements. " .
1221.17 Environmental requ1rements.
1221.18 . Low supply voltage reguirement.
1221.19 boppler audio requirements.

1221.20 Power surye reguirements.
1221.21 speed -display requirements.
1221.22 Electromagnetic interfcrence

susceptibility recquirements.
1221.23 Radar device operational test

requirements. .
1221.24 peed accuracy

| »_oubpart C-—Test PrOcedures

Conditions-
1221.31 Conditions.
Equipment
1221.41 Equipment.

1221.42 Audiofrequency synth951zor.
1221.43 tlicrophone.

1221.44 Environmental chamhpr
1221.45 Anechoic chamber.
1221 .46  ilicrowave frequency counter.

1221.47 Field 1ntensity meter.

1221.48 Isotropic probe.

1221.49 Photometer.

1221.50 Simulator test vrange.

1221.51 Line impedance stabilization
network (LISH).
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1221.52

Pulse qenerator.

1221.53 Sawtooth wave generator.
1221.54 FH signal generator.’

1221.55 . AM siqgnal gen;rator.

1221 .56 Power meter .,

1221.57 Stopwatch,

1221.58 Oscilloscope.

1221.59 Vibration tester.,

1221.60 blide whistle.,

1221.61 Thermocouple.

Procedures

1221.71 Tuning fork calibration test,
1221.72 Radar device tuning fork tnst,
1221.73 lficrowave transmission tests,
1221.74 Environmental tests.

1221.75 Low supply voltage test.
1221.76 Droppler audio tests.

1221.77 bpeed monitor alert test,
1221.78 Power surge test..

1221.79 Speed display tests.

1221.80 Electromagnetic interference tests.
1221.81 Radar device operational tests, - |
1221.82 Speed accuracy test.

Table'l——Hinimum_pcrformance'requirements for
speed measuring radar devices,
Subpart A--Gencral

§ L1221.1 Scope.

This' pdrt establishes perfornance reqguirements and test
methods Lor speed neasuring radar devices used by law enforcement

agencies to enatorce vehicle speed regulations.

s 1221.2 Purpose.

The pucpose of thlb part 1s to sp901fy performanc9 standards

fFor radur devices,

s 1221.3 Application.

This part applics to speed measuring radar devices that
transmit microwvave enerqgy, inonitor. the retlecrted signal fron
Moving vehicles withiin the microwave beam, process the

~ 18-




'doppler shift of thc‘reflecteﬁ»siqnal to'display_thc speead

of the vehicle that is being tracked, and if appropriate, the
speced of the patrol vehicle. It does not apply to speed
measurlng radar dev1ces that ut111ze low power, short range,

across- the-road technology.

_g 1221. 4 Deflnxtlons._

- As used 1n th1s par*°

"Accuracy” when used in conjunctionnwith rader device
means the degree to which the radar device measures and dis-
plays the correct speed of a treget vehicle thatlit is‘tracking.

"Ambienthlnterference" means the conduetedbano/or rardiated
electromagnettc inter ference and/or mechanical mot1on inter-
fcrencn at a spec1f1c test location and a time wh1ch would be
detrxmental to proper radar performance.

"Antenna horlzontal beam width"” meane the . total included
acute anjgle, in the horlzontal plane, of the ma1n lobe between
the haff ~power p01nts of-the radar antenna Ear f1e1d radlatlon
pattern, where the half -power - p01nts are . measured relatlve'
to the maximum power -at the center of the bean and on a radius
equidistant from the face of the antenna.

"Audio dopplec" means an audible signal fromn a:radar
device that is generated by:driving a loudspeaher'nith.the
doppler shift;heat.frequency or with the doppler ehift beat

frequency which 18 divided by a fixed factor, provided that
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the aud{o sound cotresbonds directly with changes ih-spéed.
of a tarqget vehicle énd any ambient interference pfescnt:is
discernible.

"AutOmétic lock" means' a control function of a radar
device ;héﬁ, when“actiVatéd, causes the dévice to automatically
retain the displayed speed'of'a tarqget vehigle when the target
vehicle speed excéeds sdme preset value, and preserve that
speed displayed until manually reset.bj the opeérator.

"Closing speed" means the speed at which an identified
radar target is moving rglative to the radar device (whether
_the vadar device is moving or ‘not) when measuréd on a sﬁraight
line (radius) from the radar to the target, -

"Cosine angle etfect" means the effect due to the target
not travellinq directly toward the radar device, which lowers
the doppler~shiftzfreduency in proportion to the cosine of
the angle between the d&tection of travel of thé.radér target
and a l}ne trom the radar’device,ﬁo the target.

"DisplaY” means a-.visual readout.device.

-"Doppler §hift" means fhc.magnitudeiof the frequency change
of the radar return signal,received when the-soufcé and the .
radar reflec;ingutarggt_are in motionﬂrelative to one another.

fErroneoqglteading"_meansvan_incorréct target speed dis-
played,by.the‘radaf device, one that is not due  to é-target;
veﬁicle or which is not-within the required accufacy tolerance
of the. speed of.a'target,Vehiclé,.excLuding knan‘corréc;ion

factors such.as the cosine anyle effect.
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"rar-field region" means that rejion bheyond the close
proximity of a transmitting antenna defined by the relationship

R > 244

A

where d is the horn diameter and A is the wavelength of the
transmitted frequeﬁcy, 1n con51stcntvunits.

"Internal circuit test" mcans a test function (whether
manually or automatically initiate:) that verifies thaf all
radar device internal signal processing circuitry, except
for the microwave transmitter and recciver, is working
correctly,.i.e.; all targét and patrol vehicle signals will
be properly processed and displayed. |

"Just acquired distant target" means a target just within
the radar range of a radar device which was originally beyohd.
the range and now provides & display signal ot targét speed.

"R-Band radar" means a speoed mea;uring radac device
designed to operate 1n the 24,050 to 24,250 lliiz frequency band.

"Low'voltaqe indicator”" means a raldar device combonent
which alerts the opecrator to the fact that a low supply voltaje
condition exists.

"Luminance" means the photometric brightness or the lumin-
ous intensity Of any surface in a ygiven direction per unit of
projected area of the surface aé viewed from that dirgction.

"Luminance contrast® wmeans the relationship between the

luminance of an object and the luminance of its own background,
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"Micdeavéloutput\édwér“ mééhs that pért bf the total
power'prbdqced‘by the microwave generator in the radar devi@e.-

"Moving mode".means the capability of a radar device to
measure and display the speed of a target vehicle while the
radar device is hoviﬁg Wifh reSpeéi to the surrounding
‘terrain. | |

"ﬁear—fieid regiéh"‘means fhat region in close proximity
to the transmitting antenna that is not included in the region
defined as "far-field region." |

"tlominal value™ means the numeriéal.value'of a device
characteristic as specified by the manufacturer.

"Patrol éhannel" means thatlportion.of.the radar circuitry
of a.radaf_dcvicé»that processes and calculates the spéed df
a patrol vehicle when the.radar device is operating in thet
moving mode, |

"Patrol speed"” means the speed atvﬁhich the patrol vehicle
is moving”yith respect to the surrdundinq terrain.

"Polaiizathn” means that property of a radiated electro-
maqnetic,waye déscrib}ng~the time-varying direction and'magﬁi~
tude. of the electric fieldzvéctor.

"pPower denSity"‘mgads power density per unit area or.
enerqy;dénsity ﬁlux.pe: un;t area.

“Side lobes" means::ada: beams ffom the antennanwhich are
not pavt of the primary beam, but which May'appear as shoulders

on the primary heam. -.
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;"Spced_display'transférﬁlméans the capability ot
transferring the specd;read;hg from the ba;rol sp¢od_d;sblay:
window to the tafget specd.display window.

"Speed lock sw;tch" méans.a rada; cqntrdl‘that causes’
speed on display as target speed and paprol speed to be_
retained on'display until reset.

'Spéed'monitbr alert” imeans a function that alerts the
loperator when “a target'speéd'sidhal is received thgt.;s>equal
to or above some pfesélected threshold speed.

~"Squelch®" means the capacity of a radar to inhibit the
doppler audio sound‘when the radar 1s in operation.

"Standby mode" means a function of a radar device that
allows the operator to inhibit power to the microwave oscillator
pircuit.

"Stationary hode" means the capability of a radar device
to operate from a fixed location and display the speed ot .a
target vehicle within the required accuraéy}ﬁolerance.

"Tardﬁt channel" heans the portion of the radar circuitry
that processes‘thg closing speed signal, calculates and
displays the speed of a radar target.

" "Tarqget speed" means ﬁhe spced at which the‘ta;geﬁ vehicle
is‘movinq with respect to the surroundinq'terrain.

"Target vehicle® means the vehicle identified as proddcinq
a given doppler radar siygnal that is processed and displayed -

by the radar device as the taryet speed.
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“Track—Through—Lock”'means the feature of a‘radar
device whereby the unit continues to measure, process and
accomplish audio doppler tracking and in some cases, rual
time speed dlsplay to the target, atter the speed lock
switch has beon actuated to the lock condition.

*Tuning. fork" means a mechanical selféreasonant device,
which when e;cited, produces free oscillations‘that-may
be used to ygenerate a_pseudp-doppler_frequencynrefcrence Qhen
p2laced in the radar antenna_beami

"Type'l‘radar'device"_means a radar device that transmits
nmicrowave enerqy in the lo;fdo.to 10,550 Hiz frequency hband
(in the x—band) and operates cnly in the ‘stationary mode.

"?ype 11 radar device" nnans a radar device that transmits
microwave cnergy in the iO,SOb to lﬂ,SSOIMHz frequency band.
(in the'xfband)-and operates in both the stationary and moving
.’modes. | | |

“Type IIL radar device" means .a radar device that transmits
microwave enerqy 1n the 24,050 to 24 250 Miz frequency band’

(in the K—band) and operates only in the stationary mode.. .'

”Type Iv radar device"” means a radar deV1ce that transmits
‘microwave nerqy in tne. 24 050 to 24,250 Miz frequency band
(in.theux—band) anq cperates;lnrboth‘the stat1onary_and mov1ng
medes . o |

" X-Band radar“-means a spted measurln; radar dev1ce
designed to operate in the frequency band of 10,500 to 10, 550

Miz.
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Subpart d--Requircments

§ lz2e21.11 Ménufacturcr provided equipment.,
kach Type I .and [11 radar device shall be accompanied vy a
minimum of onec tuning fork and cach Type I[ and IV radar device

shall be accompanied by a minimunm of two tuning -torks.

§ 1221.12 Hahﬁfacturer provided informatinn,

| (a) anh radar devico‘squittcd fo:-testinq in .
accordance with the proviéions4of theée‘spécificatidns.Shall
he accompanied by the following min;mdm intormation:

| (L) Comblete instructiqns for installing the radar
in or on the police patrgl vehicle or rembte from the
vehicle including any precautions necessary to minimize
or avoid interference frdm vehicle ignitxon, heater/alr
conditioner/detroster blowers or other QotéhtiallylA
interfering'components.

(2) Complete operating instructions includiﬁg te#t
procudurés, internal circuit ‘test data, required maintenance,
and any operating characteristics that are indicative of or
symptomatic of possible. malfunction of the radar.

(3) Nomiﬁai powef éubply voltage and currents (with
and without displays illuminated; with and without target
present, and in standby mode 1f appropriate).

(4) The nmicrowave frequeﬁcy band of operation.

(5) The nominal value of microwave output powér
(in mW) as measured by a microwave power meter connected to

the microwave oscillatnr.




(6)'Abdwest and Highest supply_voltage_level at which
the radar is desiqned to operate, the low voltage alert threshold
value and:display-bcnavior. |

(7)  Maximum microwave power density (mw/cmzj'measﬁredfin
a Qlané 2'1in (S'Cm) distant from the front 6£}the antenna.

(8)3“Antenna horizontal beam width in degrees.’

(9) Type of'antenna‘polarization, i.e., linéar or cir-~
cular and orientation. ’

(10) Minimum and maximum operéping speedlof'the radar
device [tafqeﬁ (Typesv;iand I[T1I); targyet and patrol (Types II
and Iv)J. |

(11) The highest and }owestitemperature at which the
unit is designed to-operate;

(12) The highest tempefature and humidity combination
at vhich the radar device is designed to opcrate.

(b) Fach tuningy fork shali be accompanied by-a cali-
bratiog_gertificate including as a minimum the se;ial number
of thefﬁuninj fork, the nominal design spegd, a;frequendy
callbratlon{qt 70°i (21°C), the microwave frequency hénd
for which ip 1s toAbe used (X or K), thg calibrated frgquency
and associated radarispecd inAmph‘or xm/h, and any correction
facto; that must Le applied tp’thé 70° F(ii°§) calibration

'speud-wnen used at another temperature.

-§ 1221.13 Labcllinﬁ Eequirements'

(a) Tuning Fork. The manufacturcr shall permanently

mark each tuning tork with a serial nunber, the radar frequency
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band that it is tn be used'with (X or.K),‘and'a nominal
stationdry,modglradar sp¢ed specification incldding units

(mph or km/h).

{(b) 'Cdntrol ?Unctions. The control panel of the radér
device shall be permaﬁentiy mérked with the functinns and
settings of all switches, controls and displays. It sﬁall
~nhot be possible to scf the controls to a functional model .of
-operation that is not‘marked'or identifiedfon thé,cohtrol'-

panel of the radar dcvice.

§ 1221.14 Tuning fork calibration requifehénts.

when tested in accordance with § 1221.71, the ﬁreddqncy
of vibration of each tuning fork shall be within + 1/2 % of
Vthat specified Ly the.manufacturec (s 1221.12(b)) . in the cer-

tificate of calibration for that tuning fork.

§ 1221:15  Radar device tuning fork requirement.

Each radar device when tested in accordance with § 1221.72
i . , .
shall meét the followin: tuning tock requirements, as appropriate.

(a) All Radar Devices. tach radar device, when placed

in the stationary mode, shall respond to the siqgnal from the
tuning fork within + 1 mph (i.l.6 km/h).

(b) Type Il and IV Radar Devices (Approaching liode). iach

type 10 and type IV radar device, when set into the approaching,
moving mode, shall sinultancously respond to the signals
trom two vibrating tnning forks of difterent (requencies, and

shall display the calibration speed desilganated Lor the lower
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‘freqdenéy-thhfhgvfork Sé ﬁhéApa;rol.veHicle speed, and the’
diffecenée between'the calibration épeed designated Eor‘thé_
higher Ergquency turﬁing fork and that.of_thezlower f;equency
tuning.fork as the ﬁarggt vehicle speed; both displayed
speeds shall be within + 1 mph (+1.6 km/h) of the correct
values. | | .

(c) Type II and IV' Radar Devices (Following Mode).

Each type TII and . type IV’rédar'dgvice,-whéh'placed ihto'ﬁhe
following, moving mode (if such capability is provided by

the unit) shall'respond to. the signals from twq{vibrating
tunlng forks of dlfferent frequencxes, and‘shali displaylthe
callbratlon spned dpslgnated to the hlgher frequency tuning
fork as the patrol vehlc;e speed, and_;he,sum‘of the calibra;
tion speed designated for the higher frequéency tuning fork
and that of tﬁe lowef Efequency tuhing‘fofk as the tafgét
vehlcle speed; both dlsplajed speeds shall be within + 1 nph

(+ 1.6 xm/h) of the correut values..

§ 1221.6 Mlcrowave transmxss1oﬁ requlrements.
'”Phe mlcrowave characterlstlcs of transmission’ frequency N
and frquencytstablllty, 1nput current stabxllty, rad;atgd :
ﬂodtbut bower:§tabi1{£y; antenna horizontal beéﬁLWidth,$and
antenna near-field pbkééidensi£yish51l be measired iﬁzl
accordance with § 1221.73 and shall meet the féuq'wincj

requirenent:
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(a) Transmission Frcquency_iqg_Frcqucnqx_;tability.

When operatea at the standard supply voltaje, the transmission
frequency shall bhe wifhin the q551§ned EreQuehcy hbandi of 10,500
to lO,SSO‘HHz forAtypes'L and I1I radar devices and 24,050 to
24,250 an’fbr ﬁypes [II and IV radar devices. ' The transmission
.Hfrequency‘shall rgmain-within the assigngd trequency bands

when the.inphf.Voltaqn:is Vaéied to + 20% of thé nominal supply

voltage or the low voltage value, whichever is lower.

(b) + Input Current Stability. When the standard supply
voltage is varied + 20%, the input current shall not vary
more than 10s from its nominal value, with no variation in

the numerical ﬁiqure dispLayéd on the tarjget speed display.

(c) Radiated Output Power Stability. The microwave
.carrier output bOWe; shall not vary by more than + 1.5 dB’
from the nominal value when the standard supply voltage
ié varied + 20%.

(d) ﬁptehna Horizontal Beam Width. The total included

angle béiween the -3 dB power points of the main lobe of
the microwave beam, relative to the maximum'bower at the.'
center of the beém,'shall'not exceed 13° for type I aﬁd_[f
and 15° for type III and IV radar deviceé.

(e)- Antenna llcar-Field Power Denisty. Th maximum

antenna neac-field power density of each radar device shall

not exceed that specificd by the manufacturer (s 1221.12ka)(7)).




‘s L22[.i7 lﬁnviroﬁhdntaltruquiruﬁunts.

'Thp Jhilxty—oi the dadar JQVLCG to-opurate in.odvironmeqtal
extremne:: shall bﬂldufnrminnd usiny the appropriate test mcthodsf
descr 1bed Lﬁ §'}2;L.74 an:i cach-radar device shall meet’ the

followiny requircimonts:

accordance WLEh § 1221.74(a), followiny eprsucg to a témpera-
ture of‘e225F1(r30°C)-or the,Lowcstftcmperature_atuwhich the |
manufacturer states that the radar dev1ccs will operaﬁo pro-
perly (§ 1221.12(3{E11)){4whichcver isllower, and following
exhosure to a;;cmperatdre ot 136°F.(609C)_0r the highest téem-
perature at which thg manufacturer states that the device will
operate prbpurly (s 1221.12(3)(11)),.whichever is highe;, each
radar Jdevice shall continué to'meet ﬁhe reguirements of

5 L221.15 and. s 1221.16(a) through § 1221.1l6(c).

(b) Operational Humidity Stability. When tested in

accordance . with § 122L.74(b) following exposure “to 90%
celative "humidity at 99°r (37°C) for a minimum of 8 hours,
each radar device shall continue to meet the requirements of

§ 1221.15 and s 1221.16(a) through §-1221.16(¢).

(c) Vibrétion stability. tHo fixed part of the‘rédar‘
device shall come loose, nor movable part. be shifted in posi-- -
tion or adjustmeﬁﬁ}-as a resuiﬁ»of the fest conducted: in -~
‘accordance with §:lé2l.74(c)f Duripg ﬁhe last 5§ mihutes of
the test in,&ny one Jdirection, the radar device shall'roéyond
to the ﬁuninq fo;k signal and shail_disélay‘ﬁhe designated

tuning fork speed within + 2 mph (+ 3 km/h).

- 30-




5 iZZI. R linow éupply voltaye reguirement,

uach ca@ar‘dcplce shall hiave a low voltade indicgtof
‘capahie uﬂ'bcinq‘suén and/or neaced by the. operator., Awhnn
tested an acco;dancn with § 1221.75, the low voltéqe.indicator‘
shall operate if the supply voltaye 1s reduced to L0.Y8 Vv of
the lowes t voltagn at which the radar device is-dcsigned'to
operate, whichover is lower. when the supply voltége 1s
reduced to the low volfaje diﬁrm value, the radar shall not
d1€plwy ANy erroncous r«wdlngb whnn subjected to the tuning
tork test (s 1221.72). A blank display:is not considered an

erroncous reading.

8§ 1221.19 boppler audio reguirements,

The doppler audio output charvacteristics of audio output
and volumne contrel, audio squelch and squelch overfidé and
auddio track—through—lock and speced monitor alert shail be
toested 1n.agcordancu with § 1221.76 and each radar device.
shall meet the tollowinj requircments:

(3) Aqglo OutpuL anq“YQLumo Lontrol. The radar device
shall enmit a doppler audio tone that 1s correla;ed‘with the
received doppler signal and any interference present, and
it shall Have an audio volume adjustment control.

(b) Audio _Squelch _and sSquelch ngszlde thnlﬁhe radar
device 1s operated, the audio doppler tone shall be squelched.

as long as no target speed sigynal is being processed. When

a target speed signal is jpresent, the dopplaer audino signal
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shall bgfpréseht,in tﬁo audip'aufput. - The radar device srall
permit the operator to inhibit the sqyuelch action to keep
the recﬁiVHr open.
te) Audio Track-Through-lock. For those radar devices
with a tréck-throuqh-loék feature, theAdoppler audio tonﬁ s“afl
continue to follow the received dopplerﬂsignal wheﬁ the épeed
lock switch is activated. | ‘
(d) 'gggggngggiggg;élggg;fﬂThe radar device shall not&"

have a speed monitoring élert-capability.

§ Jzzi;zn Prdpcf surqe reguirements,
Thelpowur surge characteristics exhibitcd when turning
t he rédéf deviée trom standby td on shall be testesd in acgordance
with § 1221.78. Switchind'thu radar device from standby to
on shall not causc any erconeous speed readings with a target

prnsent;

§ lZZL,ZiA Speed.dlsplay ;cquiremunts,

The sbéed displuy‘gharacturistics_of display feadability;
diSplgy spced 1ock control, display clear function, internal
ciréuit test Eantion} Spgnd_diSpléyltransfer,.siqnal précnssinq
channei-sensiﬁlvity. tarqet channcl speed disﬁlays, patrbl'

. PR : v : '
channnl sphcd displays,'and nuxiliaty displays shall he
" testoed in aécSrQaﬁce with § 1121.79.aqq shall meet the
following réquifuhenié: |

ké)v Qigg{qg"ggiquEL{gx. 'I'he LlldminatudASquents
usnl t6 ;ndicéto spreed readings shall have a mimlmﬁm daylijht

luminance contrést of 2.5 when compared with the display




backyround, The characters used to indicate speed shall

hee at least 0.4 an (1 ocm) high.

(L) 9i§p1a27§gpud Lock Control. If provided, the
specd 1ock switch shéll prescrve the ﬁisplaycd ﬁargét vehi-
ciq and patroilvehiclu (types [I and.iV)ISpeed ?eadihqs; |
Suéh speed lock switch shall require manual actuation by
the radar opérator and shall not be capéble of automatic
selflock. When the radar device has a track-throuqh;iock
capahiiity, the speed displayed atter locking shall be
the target speed and patrol speed (type II and IV only)
readings that.existed at the instant the speed lock swiﬁch
was activated. The radar device shall not recall a pre-
vious speed reading when the sbced lock switch is activatcd:

(c) Display Clear Function. The sclection of a dif-

‘Eercnt mode of operation of the radar device such as oft/on,
'Loék/clear, or scationa;y/hoving mode shall autématically
clear“the radar device of all displayed readings whether

the speoed lock switch is 5qtivated or not, unless the radar
~device rntains displayed intnrmation indicating the mode
uscd to acguire the locked-in target speed. 1t shall be
pecrmissible to accomplish a test sequence without_élearinq
locked~-1n speed ruadings.

(4) Internal Circuit West Function. The radar device
shall have a self tﬁst function that, whoen activated, detoer-
mincs whether or not ainternal signals will be processed and
displayed to within ¢ 1 mph (1.6 km/h). The radar devieoe

shall display the correct readinj(s) when pcr(otminq.thc
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ihtn;nnf'cifcnit tust'fdnction‘and'xt shallAbn41mpus§ihiln
.hof'thu'rngr duvxcp to chk in tho'spccd displays causer
by this_tth. The sse: readings shall be clearced whén‘thu,rJQar
is SWitChUW‘tu anuthgg node QE oburat;qn. The intérnél
cirucitltust switéh shall not3b§ lébepgd “Cé;ﬁ o ?Qalibrétef.
(n) bpecd _Display Transter. In the moviqg que_the
radar device shéll not hn.éapahle of tranSferfinq tﬁe‘patrqi
speerd ruadinﬁlfrom ﬁhé.ﬁa§fbi‘speed display.to the tarqgot
speed display.,
(f) )1qn$l Proce s1nq Lhannél

(L) ,tatlonary nodo 1arqet Lhannel Sensitivity. when

the radar dgVice is operatod'in‘the'stationary mode, its
signal proeessing channel sgnsitivity-shafl not vary‘ﬁore
than LO B [or_tafquts traveling at speeds of 20 to 90 mph'
(32 tn 144 km/hj.npr more thnp j‘dn tor tarqut§ traveling at

'

speeds of 60 to 90 mph (96 to 144 /).

(2) QQKEQQ'HQQQ lurqct Lhannel_ucnblt1v1ty (£XU° II _and
v Un[x[ _thn-thu radar:dcvice ;s operated in the moving
mode at 25 mph (40 kn/h), its signal proccsSin chan5¢1:
sensitivity Qha[tfhot:Vuryimore than 10 dB tor tarqu{s .
traveling Jtugﬁ}QJ%')L 40 to 90 mph (44 to l44 kn/h), exrnpt
Lor thocv t1t;uts travnllng at thn.patrol speed or & multlple
ol the pntv«)l speed.  Lhen opu rated at 50 mph (80 nm/h), its
clns;hq spoed Sdnsitivity shall no;ivary nore than 3'dB for
EArgers tr'uvr‘iin.’; At spreds ol G0 to 90 mph '(96 to L44 kin/h),
except lwr'thonu‘tarqcts trave Ling At the samo ﬁpceﬂ‘as}tﬁe
patrol °p:nd \ | | |
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(g) Target Channel Low and High Speed DiSplays;\
(1) The target siqnal processor éhannel and target speed
display shall function as specified in ;hé~£est procedure at
'§ 1221.79(y) at a speed of 20 mph (32 km/h ) or the lowest
speed at which the manufaéturéf stéteé thdt his deviée wi}lv
: operate properly, Whichever.is lower, wheﬁICpératidg in the
stationary or moving mode. | |

(2) The target signal. procssor channel and target épéed
diéplay shall function as specified in the teét prééedure at
§ 1221.79(g) at a speed of 100 mph (160 km/h) when operating
in the stationary mode. Wwhile opefating ih'the‘mdving.mode,'
type II aqd IV radar devices shall prdceés closing speeds of
at lecast 155 mph (248 kin/h) but type IV radars shall not process

" closing speeds of 210 mph (336 km/h) or greater.

(h) Patrol Channel Speed Displays (Type II and IV Radarvr
Devices).

(1) Low and- High .Speed Readings.

(1) The patrol signal processor channel and pa;rol speed
display shall function as specified in the test procedure at
§ 1221.79(n)(1l) at speeds down to 20 mph (32 km/h) or the
lowest speed at which the manufacturer states that}his.un}t
will operate properly (§ 1221.12(a)(10)), whichever:is lower,
when operating in the moving mode. l

(Li) The patrol SLghal processor channgl and the patrol
speed dlsplay‘shall function as specified ih the test proce-

dure at § 1221.79(h)(1l) at a spred of 55 mph (88 km/h) or the
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hiéhést'speed at which the manufacturer states that his unit
will operate properly (§ l221.12(a)(10)), whichever is higher
when opefating.in thé'hgving node ,

'(2) Patrol Vehicle Speed Changes. When tested in

accordancé with § 1221.79(h)(2) the patrol signal processor
channel shall track the patrol car speed Qithin‘i i mph

(L.6 km/h) éﬁd maintain proper radar performance while the : : ‘3}
patrol car chéngcsvspeed at a rate of 3 mph (4.8 km/h) per: - |
second. | | | | o |

(i).. Auxiliary Displays. 1If the radar device has

auxiliary speed displays} the requirements specified fbr thg
target channel and»patrol channel speed displays shall épply
to the auxiliary displays. o

(1) If the radar dévice utilizes a printinq deyice to
bermaneﬁﬁly fecprd ;he spced display readinqs, this printed
record shall show the operating status (sﬁationary or.mbving
modé)( the rétained patrol vehicle and target vehicle
speeds and the time of day and date at which the speed lock
swipch_wasiéctiv;aged, |

(2) If ﬁhe ;gda: device utilizes a separable,'remotei
module, thisfremote moﬂule.shaLi,display;as a minimum, the
retained ﬁargct veh;cle;specd. The remote module shall | 5
clear all displays wheh;feconnec;ea to the~radac.dcvi¢e:orv |

when a display clear function occurs,
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8 ;zzi.zz Electromédneti¢ Intcrfernﬁcé Suscepkibility

ReQuitéhéﬁts,i | | . R |

| The suSCEthﬁilitY’of £he radaf'de§iéé‘;o:sihulatéd'

electrOmagnétic'iﬁtefférenCe from the vehiéicwalﬁefna;or;
vehicle ignition,-éir Eonditioner/heater-@aﬁor} windshield
wiper motof énd'typical police and citizens band traﬁécciVefs
shall be tested  in accqrdance.with § 1221.80. During these
tests, a biahk.tacget speed display shall not be considered
an erroneous reading. Bach radar device when tested 'in
accordance'wi;h § 1221.80 shal} meet ﬁhe following require-
ments: |

(a) Simulated:Vehicle Alternator Interference. When sub-

jected to a 10-20 fASeC wide pulse signal of -1 V peak-to-peak
amplitude (except for transition spikes) having a max imum
rise time of 2‘/Asec and a maximum fall time OfEZJLLSEC

(both excluding ringing) and having a ringing time no greater
than-8 /ASQCS) withia pulse repetition ;ate hetween‘200 and
10,000 pulses per seond (pps), the radar device shall not
display ady erroneods-feadings.

(b) GSimulated Vehicle Ignition, Air Conditioner/Heater

Motor and Windshield Wipei llotor Interference. When subjected.

to a neqgative ramp sawtooth wave signal of 1 V peak-to-peak
with a positive vise time of a maximum of two cgéec over a

frequency range of 200 to 16,000 Hz, the radar device shall
not display any erroneous ceadings, |

(c) Simulated_?olicewFM Transceiver Interference. When

subjected to a 10 mW frequency modulated (Pl radio frequency
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'signal in eaehepoiice radio ffequency band, the_radéf_device
shall not display any -erroneous speed readings.

(d) Simulated Citizen Band (CB) AM Transceiver inter-

terence. When subjected to a 5 mi amplitude modulated (AM)
radio frequency in any of the CR channels spec1t1ed in
§ 1221, 80(d), the radar device shall not display any erron-

eous speed readings.

§ 1221.23 Radar device operational test reguirements,

The operational test'requirements of radio frecjuency
transqeieer inter ference eed:speed accuracy shall be tested
in accordanee with § 1221.81. During these tests, a blank .
target speed display shall net be considered an erroneous
reading. Each rader device shall meet the following requifc—
ments: | ; |

(a) Police FM Transceiver Interference. Theuradar

device shall not display any erroneous speed readlngs when a
police FW radlo transcelver properly installed in the radar-
equipped patrol vehlele_ls opecated while the patrol vehicle
is}standing 5;111 with the radaf_device in thekstationafy

mode and,tféckiﬁg a jUst—aequired distant.;arget'traveli@g aﬁ,

a speed of,SO'mph (80 kn/ﬁ)' The radaf device Shall ﬁoiVGisplay
'-any erroneous readlngs when a handheld pollce Fi1. transcelver
w1th an integral antenna is operated 1n51de the patrol

vehicle -under similar circumstances.
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'(b)  Citizens Band (CB) AM Yransceiver Interference. The

radar device shall hbt display any erroneous speced readings -

when a CB All transceiver propetly installed in ‘the radar equipped

patrol vehicle is operated while the patrol vehicle is. .

‘standing still with the radar device in the stationary mode’

and tracking a just-acquired distant tarqget traveling at a

'speed of 50 mph (80 km/h)..

(c) Adjacent-Vehicle Radiofrequency Interference.

(1) The radar device shall not display any erroneous
speed reqdings when a second vehicle with an ope;qting police
FM transceiver is driven within 10 ft (3 m) of the stationary
patfol veh;cle while the radar dev;ée is operating énd |
tracking a just-acguired distant.target tfaveling at a speed
of 50 mph (80 km/h) .

(2) - The radar device shall not display any erroneous
speed readings when a second vehicle with an operating CB
Al transceiver is driven within 10 €t (3 m) of the stationary
radar patrol vehicle while the radar device is operatihg and
tracking a just-acquired distant target traveling at a speed

of 50 mph (80 km/h).

§ 1221.24 Specd accuracy.

When testoed in acéordéncé with paraqraph § 1221.82,'éach
radar deviéé shall display the correct speedlof a traget
vehicle traveling at speeds of 20 to 100 mph (32 to 160 km/h)
within + 1 mph (:'1.6 km/h) when operated in the stationary

moce . Type LI and IV radar devices shall disnlay the correct
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patroluvehicle’sbaed and tafqet‘vehicle speed of a radar
targnt within + 2 mph (+ 3 2 km/h) when operated in the mov1ng

mode.

Subpart C--Test Procedures,

Conditions -

§ 1221.31 Conditions.

_ Allow all ~measurement equlpment to warm up untll the system
has ach1oved suff1cient stablllty to perform the neasurement."
Unless otherw1sn speexfxed perforn all measurements under

standard test condltlons, as’ follows.-

{a) Standard Tenperature. Standa:d'ambient tempetature

shall be between 68°F (20°C) ‘and 86°F (30°C).

(b) Standard Relative Humldlty. Standard relative .
humldlty-shall be between 10 and 85%.

(c). Standard Supply Voltage;_ In a nominal 12 VvV de

system, the Standard,Supplyvvoltagershall.be'lB,Gﬁi.l-v.»'A:;'
-well filtered electronicvawer supply eapable of a voltage
'.adjustment of + 208 should;pe used for.laboratory‘testing;and
vis,cecommendgd-fbr other tests in plaee‘df the battery for
sétety]and comyeniemeefl;The standard supply voltage shall
be applied tovthe:imput'tecminEIs of tme dc supply cables
(tncludinq all connectors and eirceit ptoteetors)’furnished
“by the mangfactere;>and adjhsted to within 1% oE.the-above

value.
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-(d) standard sdpply input current. The standard input

qurrént“éhall:be the value measured while the radar 1is
operating but is not receiving a target signal.

(e) Specia{minstrhctiong. Each time a test method

requires'that~the radar device be connected to the simulator
test range (hereafter called "simulator"), the radar device
must also be connected to the standard supplyAvoltage source

and properly aligned on the simulator.

Eguigment
§ 1221.41 Equipment.

The test equipment discussed in this seétion.is lihited
to that equipment whiéh is most critical in making the heaf
surements discussed in this documenﬁ. All other test equipment
shall be of iaboratory instrumentation duality. All test
equipmenﬁ, excépt tne anechoic éhamber, shall be pfovidéd

with instruction manuals.

§ 1221.42 Audiofreguency synthesizer,
The audiofrequency synthesizer shall have a frequency
ranée of 300'to.10,000AHz, a resolution of .at least 0.0l Hz,

and a neasurement uncertainty no greater than 1 part in 106,

§ 1221.43 ilicrophone.
The microphone shall.-have a frequency range of 300 to
10,000 Hz and shall be capable of coupling tuning fock

tones into an amplitier or oscilloscope.
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§ 1221.44 Cnvironmental chamber,
The environmental chamber or chambers shall produce air

tempoeratuces that'mect'the;reqpircmwnts of s 1221.17(a)

and § 1221.17(b) while shicldingy the test ralar dzvice from -

heating or cooling air CUrtentsfhlowiﬁq directly oh:it. The
temperature of the radar device shall be measured with a
thermocouple (§ 1221.61) separate from the sensor used to
control the chamber air temberature aﬁd~sha11-hévé an
accuracy of + 2°F (+1°C). Likewise, hcmidity shéll he
measured with a hygrometer scparate from the sensor ‘used ‘to

control humidity and.shall have an. accuracy of + 2%,

§ 1221.45 Anechoic chamber.

The € anechoic chamber snali'be shielded to exclude
outsirie intérfercnce and shall be constructed to miniaize
interhal'michWave reficctions fron the chémber’Qallé) floor

and ceiling.

§ 1221.46 Mic:owace ffequéncy ccunter.

The microwave frcquency counter shall be capable of
measur ing microwave fréqueccies from 10,500 to 10,550
Miiz énc -Erom 24 050 to 24, 250 Mllz with an uncertalnty

no grnatcr than 1 part in 107,

S LZZL 47 Field qtrnnqth meter. .
The flnld strength meter shall have. a probe w1th

omnidicectional pickup characteristics ahd a 4 in (10 cm)
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diameter pfutectch sphere, and shall be capable of
measuring E-field power densities form 0.01 mW/cmZ';o

10mi//cm? with an accuracy of + ldn.

§ 1221.48 Isotropic probe. .

.The”isotropic probe shall have sensor'ahtennas consisting
of three orthogonal dipoles enclosed in a 4 in (lecm)'dia-
meter protective spherg,uavmihimum dqtectable‘p&wer density'
level of 0.0l mi/cm? over the-frequency range of 10 to 25 GHz,

and high resistance between the sensor and metering units,

§ 1221.49 Photometer,

The photometer shall iﬁcorporaﬁe a photopic response
which closely épproxlmates the Commission International
de l'kclairage (CIE) luminous efficiency function and have
optics which allow the meésuremnnt of circulac aféas as
small as 0.004 in (0.0l cm) in diameter. The photometer
shall hévg é full Scalé'sénsitivity‘of aﬁ leastio.l foot-
lambert (0.34 candela per square meter (cd/ml)), Measure—
ment uncer£aihity of tﬁe callbrated photocshall be lesg than

5% of the reading.

§ 1221.50 Simulator test radge.

The simulator test range shall have the capébility of
mounting theAradar device in an interfereﬁce trece environ-
ment and the means of generatinq modulatioh rbflection signals
4s ps2eudo doppler audio signals. 1t shall be able to simul-

taneously produce siimulated patrol and target vehicle

A




speeds. The 31mu1ator test range shall consist of a mountlng
bench, two aud1o sxgnal generators ‘and microwave. 51ngle sxde- _'
band (SSB) modulator. The audlo generators shall operate
from 300 to 15, 000 Hz W1th frequency counters hav1ng an
uncertainty of less»than l part in 106 and shall have a call-
brated output with_an accuracy of + 24RB. lf integral fre-
quency“counters are not'included; separate .counters with the
required accuracy:shall be used, The‘SSBnmodulatorlshall be
capable of generatingvséé modulation for frequencies.of 306
to,lG,OOO.Hz, and test personnel shall_be able to monitor
u_visually the microwave .signal level and the modulator

balance adjustment.

§ l221. 51 Line- 1mpedance stablllzatlon network (LISN)

The 11ne 1mpedance stablllzatlon network, constructed
as ‘in flgure 1 w1th shielded term1nals, shall be capable of
simultaneously 1nterfac1ng with the radar dev1ce, the standard

'supply voltage source, and the 1nterference 1n3ect10n generator.

§ 1221.52 qulso generator;_

v The pulse generator shall be capable of produc1n3 20 v
peak- to-peak across a 50 ohm output 1mpedance w1th rlSL and
fall tlmes of less than one /ksec and pulse. repetltlon rates

to 200 to 10 000 pulses per second

§ 1221.53 Sawtooth wave generator.
Thn sawtooth wave generator shall be capable oE produc1ng

20 \" peak to- peak across a 50 ohm output 1mpedance. It shall
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also be capahln of produc1ng a sawtooth wave hav1ng a
'p0$1t1vn—901nq, leadlng-edge, fast rise-time wave of less

than 0nc//4svc over a frequency range of 200 to 10, 000 Hz.

§ 1221.54 FN siqnal genrator.

The FM signal generator shall be capable of produc1ng
20 nW output power at frequencxes from 30 to 500 qu and
shall haye.an_audlo frequen;y modulat}on var iable from
500 to SOOQ Hz, a S0-ohm output impedaucu,‘a uaximum
standing wave ratio of 1.2 and a variable output level.
It shall élso have a deviétiun meterdor calibrated control.
for deﬁermihinq the peak frequenﬁy deviation with an uncer-

tainty no greater than 10%. : S l

§ 1221.55 Aﬁ signal generatdr.

The AM signal generator shall céver the 25 to 30 MHz
frequency fange, be capable of producing at leést 20 mw
output power and 99% modulation of freduencieu from 500 to
5000 Hz, have a 50-ohm output impedance aud a méximum
standing wave ratio of 1.2. The generator should iuclude
a digital frequénuy couhter having an'uncertainty no
qreater'uhan'l part 1in 106 and an AM monitor or calibrated
control for determining the All percentaqge with an uncertainty
no greater than 108. If an integral frecuency counter is
not included, a separate [reguency counter having the

required accuracy shall be provided,
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o l221;56 ‘Pover meter.
The power metor shall havc )0-ohn fred- -through detectors
for treduencies from 20 to 500 an and the ablllty to handlc

povers up to 50 watts with an accuracy of 10% or better.

s 1221.57 Stopwatch.
The stopwatch shall ‘have a 1.1 sec resolut1on or better

and_a total time accumulatxon of .at least 5 nxn.l

S 1221.58 Oscilloscope.

.The oscillqscope shall have a verticalAinput senéitivity
(y-axis) ot lomV/ch or better and'a,frequéncy,responsé of at
leaét S5 ‘tHz. 1Tt shéll also have a horizontal input (x-axis)
having at least 20 kHz frequency response and a horizontal
sweeptime base resolution of 100 M sec/em or better. It shall
ytOVldp a re[orenco voltage, accurate to 5% or bettor, for

Lallhfdtln] the vert1ca1 input,

§ L221.59 Vibration testecr.

The v1hrat1on tes tnr shall be adJustable in frequoncy
from 10 to 60 Hz, in a llncar swoep mode, and t qhall bo
30¢TVO- controlled, w1th a refnronco 51gna1 derived from a
qultahln callbrated acrelerometer or other callbcated ,ensor.
[t shall also prov1dL an: adjustahlo 51mple harmonlc motion

in-at 1oast one plane for a total excursion of 0. 04 in (l mm) .
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§ 1221.60 Slide whistle.
The slide whistle, a wind instrument with notched
hollow tuhe and a variable displacement, shall be capable

of producing audiofrequency notes from 500 to 3000 Hz.

§ 1221.61 Thermocouple.

- The ghermocouple shall bé an American'nationél Standards
Institute (ANSI) type T.;hetmocouple. Réference'fables from
ANSI/ASTMVﬁ QSb;ff} Standard Temperaturé} éhall be Qsed to
convert eléctromotive'fofce into measured temperatufe. At
least one tﬁermocouple shall be installed within the case of

each radar device for temperature measurement purposes.

Procedures
§ 1221.71 Tuning fork calibration test.

Interconneét the rest equipment -as shown in figure 2
except that a frBQUency counter and amplifier may be substi-
tuted for tho audlofrequency snythgelzer and the oscilloscope.
if used, adjust the audlotrequency synthesxzer to approxlnatoly
the tuning tork.frequency by multiplying the labeled tuning
fork speed by 31.3906 for type I and 11 radar devices and
by,?é.OBOi for type IIl and Iv.radar devices. After striking
the tuning fork on a non-metallic object, wait 3 seconds,
then hold it in front of the microphone while adjusting the
synthesizer frequency to obtain a stationary, circular,
lissajous pattern on the oscilloscope. Record the tuning

tork frequency directly from the synthesizer dials. Divide
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the snythesizer trequency or: the frequency as measured by
the counter by the appropriate constant given_abovc to obtain
the speed coucresponding to the acasured frequency of the

tuning fork,

§ 1221.72 Radar device tUninq‘fofk test.

(a) Aik;gggengevices; Place the ‘radar device in the
Astatlonary modn of operatlon, or1ent1ng the antenna so that
no nov1ng tdrqﬂts are present. Activate the tuning fork
by striking it on a non-actallic object and hold it 1 to
4 in (2.5 to 10 ¢m) in front of the anﬁenna‘Q}th the flat
side parallel to the direction of prbpagation. The radér
must display';he speed corresponding to the tuning fork
frequency in the target vehicle speed window.

() ngg [I and IV Radar Dbevices (Approaching MOde);

Place the ra&ac in the moving mode of operationr orienting

thv antenna so that no mov1n3 targets are available to. the
radar. Acttvatn the lower specd tunlng fork by strlklng

it on_.a non-metallic object_and hold it 1 to 4 in (2.5 to L0 c¢n)

‘in front Oof the antenna with the flat side pataliélltO‘the

directioh.ofupropagatinn.' The radar should display thevtuﬁing
tork spuéd.in the .patrol vehicle speed windoQ. Strike the
hl)h“r spnnd tuning - fo*k on a non- mntalllc ohject and placa

in tront of the Antenna alon;sxde the lownr speed tunln]

fork. ‘1he speed correspond1ng to.tho low-speed,tuning fo:k
r“quency must remain in the patrol veh1cln speed display

w1ndow an the target Vphlulc speed display
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must indicate the difference in speed between the two -
tunlng Eotks.

-(c)' Type 11 and IV Radar Devices (Follow1ng Mode) .

Place the radar in the follow1ng mode of oppratlon, orlpntlng
the antenna so that no moving targets ace avallable to the
radar. Activate fhe higher speed. tuning fork by Striking

it on'gAnon-metallic ijeét and hold it 1 to 4.in (2.5.to

10 ém)'in.frOQt'éfﬁthe antenna with é_fiat‘side parallel to
the direction of propagation; The radar must display the speed
corresponding to the tuning fork’frequenéy in the patrol dis-
play window. Strike the lower speed tunin§ fork on a non-
metallic ObJPCt and place in front of the antenna alon951de
the high speed tuning fork. The sp@ed corresponding to the
high speed tuning fork frequency must remain in the -patrol
vehiclevspeed,display window and the target vehicLe speed,

display must indicate the sum of the two tuning forks.

§ 1221.73 Microwave transmission tests.

(a) Transmiésion'Frequency‘and Frequehcy Stability

(1) Place the radar devxce in the anech01c chamber
and connect fhe test equ1pment as shown in figure 3.‘ Posi-
tion the pickup horn antenna in the radar Beam a Sufficiént
distance away from the radar device to preveﬁt o&erdriving the
microwave freguency cohnfer. Adjust.the standard sdppiy'vol—

tage to its nominal value and record the microwave frequency.

-49-




(2) Réduce:the standard supply voltage by.ZO% of its
nominal vaiue} allow it to stabilize for 2 min., and repeat the
above procedure, | |

(3) Rnpeat thp procedure for a change in standard supply

voltaqe of +20%.

(b) Input Current Test. Place the fadar'déviCe in the
anechoic chamber and connect the test equipment as,éhoﬁn in'
figure 4.. Adjust the standard supply voltage to its nominal
value and record the input current and voltage. 'Vary Ehe |
standard supply voltage +20% and record the change in ihput
current. Repeat for a supply voltage of.-ZO% of the nominal
value.

(c) Radiated Output Power Stability Test. Position the

radar device on a vertical test stand in the anechoic chamber
with the antenna’ pointed upward, and connect the ;est'equip-
ment as shown in figure 5. Mount the iso;robic prohe,of

the field intensity meter 20 to 40-in (50 to 100 cm) from
the radar antenna in the ionjitudinal axis of the radar
beam. Adjust either the radar or the probe horlzontally

to posltlon the probo .in the center of the. principal. axis

of the bgam (maximum probe readiny). Record the distance
between thg.éntenna éperturc and the -isotropic probe, adjust
the standa;d supply voltage io its nominal valu2 and record
the Eieidvstrgngth.df’;he microwave.output signal. .Vary,the
standard_supply voltage +20% and record the change'in micro-

wave output power density.
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(d) Antenna Horizontal Beam Width Tests. se cilther
test (1) or test (2) below, as appropriate:

A1) Antenna Horizontal Beam Width Test., Position the

radar device on a verticgl-tést stand in the anechoic chamber,
Qith the antenna pointed upwards, and connectvthe test
equipment as shown in fiqpre 5. Mount the‘isotropic probe
of the field ihténsity metef 20 to 40 in (50 to 100cm)
aboVeAtﬁé rédar ahténﬁa{ 'Enefjize thé radéf'usiﬁg standard
.supply voltage énd allow it to stabilize Eor 2 nin. Adjpst
the position 65 the radar device on the test stand until: the
probe is in thé center. of the antenna>beam (maximum.power),
then adjust the height. of the probe for a full scale or
reference level on a sensitive scale of the field strenyth
meter, maintaining the probe in the antenna far-field region.
Record the field intensity and the distance between the antenna
and the probe.: Using caution not to accidenﬁly rotate 1it,
move the radar device to the right until half-power is
indicated on the meter and carefully mark the position of
the radar device. Move the radar device to the .left of the
probe until half-power is again indicatéd on the meter. Mark
this poiqt and measure the distance between the half-power
points.,

Moving the radar device on a path 90° to the previous
direction, again measure the distance betwanen the.half-pOWerl

points. Average the distances between the two half-power
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foédfngs ahd'CaiChia;e the'half-§OWQr beam width using the
Eollowihq e¢uation to correct for any.éhange_in radius.
distante. |

A = 2" Arctan (C/2R)
Where A is the angular half-power bheam width, E»is;a factor
to correct for the change in radius (from the qtaphed curve,
figure 6), C is the average perpendicular distance betweon
- the half-power points, and R is the ralius from the front
of the antenna to the point at which the maximum-bowec
density was measured. .

(2) Antenna liorizontal Beam Width Test (Alternate

Method for Circularly Polarized Radar Devices Only). Posi- "

tion the radar device on a turntable in the anechoic chamber,
energlze it using the standard supply voltagc and allow it

to stabilize  for 2 min, Position a p1ckup horn -antenna on

the maxinun power axis ot the-antqnna far-field region at
a.dlstance close enough to indicate full scale.on ;he-power
metar.on.a sensitive scale., Record . the protractor angle
lndication oﬁ,the radar mounting turntéble., Ro;ateithe turn-
tahie with the radar until the powervmeter indicates onc-half
the pbwer readlqt_the center QE the beam, record Fhe turh;ablé
angle and,thqn rotat: the turntable béck-through,center, gén—
tinuiny until the power meter agqain 1ndicates 6ne-halfzthe
PO r3ad at the cénter and record the'tﬁfntabldAanglé..'The'
change in angle rnﬁdlnjs of the rurntahle betwcaen the two

hal t-pnwnr uulnL' shall be taken as the antenna beam width

me a .:s aracment,,

1
)
(2]
]




‘(e) Antenna’NearrField Powér.Deﬁisty>Tést. Connect the
radar device td thc test équipment aé shown.in-fiéuré 7.
Being careful hot to vary thé distancé Erom'the antenna, use
the isotropic p;obe to search for the ﬁaximum éignal'strength
in the‘pléne 2 in. (5.cm) from éhe anténﬁa aperture or lens
face of thé antenna and perpendiculéf to the longitudinal

axis of the radar beam. Hove the probe to obtain the maximum

reading and record it.

§ 1221.74 Environmental tests.

(a) Operational Temperature Test. Place the radar

device, with the powér off, in the environmental chémber

and adjust the chamber to the required low temperature +3.6°F
(+2°C). Allow the radar device to reach temperature :equili-
brium and maintain it at this temperature for 30 min. Using
protécéive gloves) remove the‘radar device from the environ-
mental'chambér, place.it in the anechoic'chgmber aﬁd connect
it to the gtahdard supply voltage. After energizing, wait

2 min. before performing any measurements. The radar shall
meet the réquirements of § 1221.17(a) within 15 min. of opera-
tion. Repeat the above procedure at the feqpired high tem-
perature +3,.6°F (i2°C).

(b) Operational Humidity Test. Place the radar device,

with the power oft, in the environmental chamber. Adjust the
relative humidity to a minimum of 90% at 99°F (37°C) and main-
tain the radar device at these conditions tor at least 3 hours,

Remove the radar device from the chamber, place it in the
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dneéhoic chumberAahH coﬁnect it to the standard supply
Cwvoltage.  Attoer eacrgizing, wait Z_min. hetore puertoriming
any @measdrements.  The radar devicn shall meet the require-
ments of o« 1221.17(b)vwithin 15 min. ot operation.

(c) Vibration test,

(L) Fasten the radar device to the .vibration tester
usiﬁq a rigid hounting.fixturc. Perform a two-part test for{
a total of ‘30 min. in each of three direCtions,'namely‘tﬁe
diﬁqcﬁions parallel.tobhoth axis of the mountingy and purp;n— .
duclar to the place of the mounting.

(2) First subject the radar device .to three 5'min.
cycles of. simple harmbnic motion havinj,ah ampiitude of
0.015 in (0.3R.mm) [total excursion of 0.03 in 10.76 mm) |
.applied initially at a frequency of 10 Hz and increased ét
a unitofm rate to-30 Hz.in 2.5 nmin., tnen_decreaéed at a
uniform rate_tu 10 Hz in 2.5 min. Conduct the appropriéte
radar device tuning ftork test (§ 1221.72) duringltﬁe last
5 min, cycle, |

(3) Tnen_subjeét ;he.radar device to three.s min.
cycles of simple harmonic motion having anAamplitude of -
0.0075 1n (0.19-mm) [total excursion of 0.01541n_(0.38;mm)]
applied initially at a frequency 6f 3OAHi_and ingreésed'ati
a unitnrm rate té 60 Hz-in Z.S,ﬁin.,_theh.decreaééd at a
unitorn rate to,}O_uz ihAZ.S miﬁ. Cbnduét the appropriate
radar device tuning Eork-test (§ 1221.72) durinq-the last

S5 nmin cyecin,
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(4) Repeat this proceduce for each of the other two

directions.

s 1221.7% iow‘supply voltage test,

Connaect the radar device 'to the standard supply voltage
as shown in figure 3 and encryize it. Allow tﬁe_rédar'device
to.stabilrzu for zvmin., then conduct the appropriate radar
device tuning fork test (§ 1221.72) and mgasure ﬁhe radar
speed yenerated by the tuning fork trequency. Continue to
aecasuse the radar speed and decrease the supply voltage at
the cate of appfoximately 0.2 V/s until the low voltage alert
1s activated. Record the supply voltage level. Verify that ﬁo
erroneoils reédinngs present; Increase the supply voltage
~until the low voltage indicator is dcactivated, and again
conduct the appropriate radar device tuning fork test to
verity that the radar :device yields the same speed reading

as at standar.d supply voltajge.

s 1221.76 ©voppler audio tests.

Each ‘time a test method requirus?that the cadar device
be codnécted to the simulator, the radar device must also
be connected to-the standard supply voltaje sourcé and pro-
perly aliqned on the SLmuiator{ Seulfigurc 3 for a block
diagram ot thié measurement sctup, The.féllowing procedures

shall be tollowed:




(1) Conneét the radar device to the simulator, energize
it in the stationary mode and.disable the squelch function.
Establish a SLmulated>£argét and vary the target speed to
verify that ‘the Hoppier audio is correlated with fhe target
speed. In a sinqle target situation, stationary,modé, the
doppler audio should be a single clear tone. !Move a metal
plate in'the radar beam without interrupting the signal beam
and ascertain that the interference motion from the plate is
heard in the.doppler audio. For type 1I and 1V fadar devices,
switch to_moying mode operagion and use the_siﬁula;or to
establish a simulated moving mode.situation,- Varyfﬁhe'target
speed control énd‘verify that the simulated tafgét dbppler
'audip is correlated with the target speed,.whetﬁer,the patrol .
doppier audio is present or not.

(2) Vary the audio volume adjusiment confrol.

(b) . Audio Squelch and Squelch Override Test.

(1) Connect the radar devide to the simulator and energize
it in the stationary mode with no- target present. Verify that.
the audio output is squelched. . . |

(2) Disable the squelch function and move a metai pléte'
within the radar beam énd'ascertain that;this motion-is.heard

'in]ﬁhe doppler audio. . o |

(c) . Audio Track-Through-Lock Test.

(1) Connect the radar device to the simuIatgr, energize it
in the stationary mode with doppler audio squelched. Establish

a simulated target, actuate the speéd lock switch and verify




that the dopplef audio contﬁhuus:uhinterruptcd. IncEOASu B e
simuquud turqét_speed'andlvcfiﬁy that the doppler audio 1s
correiated witH-the tarqet speed. 
. (2) Repeat the above procedure uSing a decréascd sSimu-
lated target speed.
(3) For type II and 1V rédar devices switch to the aoving
~mode of operation, estabiiSH,a simulated tixed patrol speed

“and a variable target speed and repeat the above procedure.

s L221.77 Speed monitor alert fust.

verify that the radaf device'doés not have a speed
monitor al;ft capébility.' ‘
§ 1221.78 Power surge'test.

Conduct the following test on any devices with a standbhy
capability. Adjust all range sensitivity controls and audio
volhme controls to maximum for these tests. Connect ‘the
radar deévice to the simulator. Place the radar device in the
.stationary mode, establish a simulﬁted targyet of 50 mph
(RO km/h), and switch'the device to standby mode. ‘lurn the
device from s;andby“to dn and verify that there ace no
erroneous readings. Repeat this three times. For type [I
and 1V radar devices, switch to the wmoving mode and repéat

the above procedure.

§ 1221.79 Speed display tests.

(a) Display readability tests. Position the radar
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doevice with thn illuminated Eace perpendicular to the optlcal

axis. ol thq photomctcr as shown in. figure 9. P051t10n a

light sourar at an angle of 30fﬂfromvthe perpendicular such

that lOOOAfuotcandlcs (10,780 lumens per syuare meter)‘of 1llum—
1nation will be moasurcd acroés thoe. face of the display. Turn

on the display using standard supply voltaqe:and use a tuning'

tork to place a speed reading nn“the display. chk in the

reéding and darken the room. Vary the inﬁenéity of the display

to obtain the maximum luminéhce codtrast. Use the photo-.

meter to measure the luminance of an individual character
element, either a bar or a . single dot, and its background

at threc locattonb, 1f possible, representing the left,

‘center.and right portions of the display.' Repecat for illum-

ination angles of 45° and 60°; Record the values of daylight

luminaﬁcé»contrast for ‘each of the nine tests and calculaﬁe

the average value of L; ana Lé deflned,beiow). CalcdlateA

the daylight-iﬁminance cuhtraSt value from -

C = Lo'l - I.Jz or

———— - —

. 1s greater than L,
where C.is the luminance‘contrast.-bl-is.the.luminahce of
Athe:display‘elemgnt.'and,Lz is the luminance of the ‘background

immediately surrounding the display elenaent.




Measure the height of a'typiééi display character.

(b) Display Speed Lock Tests.
(1) These tests mayhbé pec formed in cohjﬁnctidn
with the display clear test'(péraqraph (c) of this socion)

i

Eor'cohvénieﬁbé.‘ Connect the.radar'device to the simulaﬁor
and estabiiéh a simulated target. Vecify that the radar
device has no automatic spéed'lock capability. Place the
radar device in the  stationary mode and acti&ate the speed
lock switch'to retain'the taféet vehicie speed reading.
Increase the iarget speed, than discontinue the simulated
tafget and verify that the'target spééd display hés retained
the correct speed reading. ' | '

' (2) Clear the radar device and aqain establish a
simualted target, but do not activate the Speed lock switch.
Discontinue the simulated target, wait for.the display to
blank, and then activate thé'épeed lock switch., Verify that
the target speed dispiay remains blank.,

(35 For type 11 and 1V radar devices estabiish both a
simulated target and a simulateﬁ patrol vehicle speed. Pro-
ceed as abd?e except that both the target speed display and
the patrdl"speed display must be observed.

(c) Display Clear Test.

(1) Connect the radar device to simulator, energize
it in the stationary mode, establish a simulated target, then
turn off the simulated signal. Activate any one of the control

switches (on, off, standby, test, etc.) on the radar device
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éxcept the spééd'lock switch and verify tﬁat the thViobs
speed readinj has not been prescrved. Repeat for gqch control‘
switcﬁ on the radar device. For type II and IV radar devices.
switch to the moving mode and‘pepeat the above procédure;‘.

(2) With the radar device still connected. to the simu-
lator, again establish a simulated target. Lock ih this
speed reading usihq‘the speed iock switch, Activaﬁd‘any one
of the’cdntrbl-switches on the radar device except standby
and test, and verify that the Qrevious spegd ceading has not
been preserved., Repeat for each control switch on the. radar

device.

(d) . interna&;@ircuit Test . .Activateithe radar device
vand-perfqrm the internal circuit test in aqcordanéé with the
instructionvgf the manufaéﬁurer. Verify that Qn1y correct
readings aré displayed, and -that all readings are cleared
automaticélly when the test is completed. Repeat the.
internalfcircuit.tes; a second time and attempt to actuate-
the spuod lock switch while fcadings are'displayeq. »Vérify

that thcse»réadihgskare not retained by the dtsplay.;,

(¢) Speed bisplay Transfef Test.j Connect';he_radar
device to the gxmqlator, set it_to_the moving mode anngstab--
lish a moQing.mode simulated patrol and tatget speeds.
Activétg the speed-lock. switch and discontinue the simulated
signals. ”Dsing‘eéch of the available coqprgls,.atﬁempt_tO'
tfansfer the_patfol‘speéd'reading-to the target spe¢d dis-

play. .

“5()-




(f) 51gnal Proce851nQVChannel Sen51t1v1ty Tests.

(L)‘ cOnntct the radar dev1te to the simulator and
PStabllSh a 20 mph (32 km/h) 51mulated target speed or the
lowest target speed spec1f1ed by the manufacturer. Do not
move the radar device for the remalnder of this test. Place
the radar device in the stat1onary mode, increase the target
51ngal by adjustlng the gentrator output or audio attenuator
and record the target speed m1n1mum 51gnal level netded to
aequxre the target: Repeat for target speeds of 30 to 90 mph
.(48 to l44 kn/h) at 10 mph (16 km/h) 1ncrements.

(2)‘ For typ* 11 and 1V radar dev1ces, place the radar
device in the mov1ng mode, nstablish a 25 mph (40 Km/h)
s1mu1ated patrol vehlcle speed and then. increase the patrol
speed signal level by 10 dBF(S daB ls using a microwave atten-
uator). .Estahlish'a 40'mph (64 km/h) simulated target,;
acyuire it and record the tardet speed minimum signal level
needed to reacguirce the'target.. Repeat for target. speeds
of 50 to: 90 mph (80 to- 144 km/h) at 10 mph (16 km/h) ‘incre-
mentsl Repeat at “the procedure for a 51mulated patrol speed
of 50 mph (80 xm/h) and .tacrget speeds of bO to 90 mph (96

tn 144 km/h) at lo-mph (16 km/h) inccements.,

(ﬁ) Target Chahnel Low and High Speed DisplaXATests.

(l)‘ Condect the radar device tovthe simulator. With'
radar device in off or standoy, establish a'simulated target
traveling at the required low speed. Switch the'radar device

to the stationary mode to verify that it will‘aCQuire this
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'target-and measure its speed.' For type II and iv radaf
devices, establish a simulated patrol speed of 20 mph

32 km/h), switch the radar device so the moving mode and
repeag thisspcoceduce. |

(2) Switcﬁ the radar device to the stationafy mode
and repeat this procedure using the required high speed
target specd.v '

(3) For. type II and 1V vadar dev1ces, w1th sfnulated
'target traveling at 100 mph (160 kn/h) and a patrol vehlcle
speed of 55 mph (88 km/h), verlfy that the target s1gna1
process1ng channel will process and display the correct speed
teadinjys. For type Iv radar devices, ‘change the closxng
speed to 210 mph.(336 km/h), with maxlmum patrol speed,of
55 mph (88 km/h), and veery ‘that the radar dev1ce wxll not
process and dxsplay any tarqet -speed readlng.

.(h) Patrol Lhannel Speed Display.

(1) Low and High Speed Tests.

Connectfthe.cada:'devise to the simulator. -withvthe-
radar devicemin of £ or standby, es;ablishﬁa.Simplatedstarget;
speed_sigﬁa1;at'the;requireg-low speed.. Switch the radar
device ;6»the moyinq_mode ahdzyerify‘that~it willracquire
andgmeasure;pg;:ol specds down to ;he required low;speed.'
With- the radar.device still in the moving mode, establish a
simulétéd pstrolﬂspeed of SSI@ph (88 km/h) and sepeat the
procedure.._Ve;;fy ;hat thé radar device w;ll acqui:e'and

measure patrol speeds up to the required high speed. -
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(2) Patrol Vehicle Speed Change Test.

(li Connéct the radar device to the simulator and
-eétablish a éatrol speed of 20 mph (32 km/h). Place the.
radar device in the moving mode and display the correct
patrol Spced; “Use tﬁe simﬁlator td‘incrcase the patrol speed
at a rate of 3 mph per second for 5,$econds and verify that -
the patrol speed diépiay reading agrees with the simulated
'bétrolvspeéd durinq thié 5 sccond pefiqd; Repcatiihisﬁbrocé-
dure for initial patrol speeds of 30 and 40 mph (43 and 64
km/h) .

(11) AWith the‘radar device-still connected to the simu-
lator, establish a patcol speed of 55 mph. Place the radar
device in the moving mode and display the correct patrol speced.
Use the radar target simulator to decreasc the patrol speed
at a rate of 3 mph per second for S5 seconds and verify that
the patrnl speed reading agroes with thu simulaﬁea pateol
speed during this § secohd period. Repeatvthis.précedure for
an initial patrol speed of 40 mph (64 kn/h). |

(1) Auxiliary Display Tests.

(1) Connect the radar device together with the auxiliary
printer or remote éisplay module to the simulator and conduct
the display speed lock test (paragraph (b) of this section)
and the display clear test (paragqraph (c) of thig section).,
Verify that the remnote module displays ar2 cleared whea it is

reconnected to the radar cdevice.
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~(2) With the radar device still connected to the
"slmulator, establish a simulated target, actuate the speed
Aock switch and the printer function. vVerify that the

DC‘U\ttnlt.lrU?luﬂ(Hi the items reguired by § 1221.21(1).,

§ 1221.80 FElectromagnetic interference tests.

- Connect ‘the rajar device to tﬁe simulétor and fo the
other ﬁust éqUipment 4s shown iﬂ Eigure.lo. Activate the
_fadar device in the stationary mode, determine the minimum
signal level necessary to establish a Simuiated So'mpﬁ’ |
x_ (80 km/h) tarjet, then increase the simulated signal levél
by 3 dB (Ll.5 dAB if usinq a microwave attenuator).. Turn the
simulate} signal'bff-andzproéeéd with each of the tests in
paraqraphs (a) through:(d) of this sectién.

(a) Vehicle Alternator Interfecrence Test.

(1) -vith the pulse generator connccted'such=that.the
pulse signals are impresséd~on the radar device éower line,
seﬁ the qenerator;output to 1 V pcak-to-peak, as measqrgd by
the oscilloscope, a; a pulsc repetition raﬁe.of_zob pulses per
second (pps) wiﬁh a . pulse width of 10—20‘,/(§ecs. with the
radar.devicé sfill in_the_stationacy‘mode,.establish a simu-
lated ta(qetsot'do mph (64 km/h) and slowly‘vary.the genera-
tor frequuncy.fromvzoo pps to l0,000-pps'and back to 200 pps. -

(2) For §yu7.1I and IV ra@ar.deviéeé.’syitch to the
movingy mode, turn oft the»puléu,ggnerator, and determine'the
minimun signal level necessary to eostablish a paﬁrol;speed

~f 50 mph (80 km/h). Then 1ncrecase this level by IQ-dB_
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(5dB if using a wmicrowave attenuator). Establish a taryet
speed to 60 mph (96 km/h) (3 dB above a minimum target
elqnal), reset the pulqt generator to 1 V peak-to- peak and
repeat the prdcedure in (1) above. Verify that no errone-
ous readingsbappear at any time,

(3) Repéat (1) and (2) above using a consﬁant pdlse
repetition rate of 1500 pps while slowly varying the pulse
amplitude from O V to 1 V and back to 0V, as measured at
the oécilloScépe. Repeat (1) and (2) above using a constant

3100 pps.

(b) Vehicle Ignition, Air Condition/Heater Motor and

Windshield Wiper Motor. Disconnect the pulse generator and

replace it with the sawtooth as suown in fiqgure 11, such that
sawtooth Qave_siqnals are impressed on the radar device power
line. Place_the radar device in the stationary mode, estab-
lish a simulated target of 40 mph (64 km/h), then increase
the simulated signal level by 3 dB above a minimum targét
signal. Set the generator output to 1 V peak-to-peak as
measured but the oscilloscope at a frequency of 200 Hz.
Slowly vary the geanerator frequency from 200 to 10,000 Hz
and back to 200 Hz. Verify that no erroneous readings appear
at any taime.

For type II and IV radar devices, switch to the moving
mode, turn off the sawtooth wave generator and .establish a
patrol spced of 50 mph (80 km/h) (10 dB above minimum patrol

si1gnal) and a target speed of 60 mph (96 km/h). Then increase




the simulated signal level by 3 dB, reset the sawtooth wave
generator to 1 YV peak-to-peak and repeat the above proce-

dure. Verity that no erroneous readings appear at any tiine,

(¢)  Police En Transceiver Interference Test.

(1) Connect the F!! siqnal generator to the line impe-:
dance stabilization network, as shown in figure 12, such that
tﬁe rf signals are impressed on the radar device power line,
Piace’the'radar device in the stationary mode, establish‘a'
simulated target of 40 mph (64 km/h), then increase the
simulated siqnal level by 3 d8, set the generator frequency
deviation to 5 kHz., Set the generator to a Erequency of
160 MHz with an odtput of 10 -mW, as measured by the power meter,
with no more than 1 mW reflec:ed power. Slowly vary the modula-
.tion frequency ftrom 200 to 10,000 Hz and back to 200 Hz.
Vetify thdt no erroneous readinjs appear at any time,

(2) For type 1I and IV radar devices, switch to the
moving wode, turn off the FM signal generator., establish:a‘
patrol speed of 50 aph (80 km/i) (10 dB. above minimum pétrol
signal) and a target speed to 60 moh L96,km/h).-mThenﬁ
lncrease tﬁe simulated siqgnal level by 3 dB, turn.on the FHM
siqnai Jenerator, and repeat the abhove procedure.; Ver;fy'
.that NO erroneous rcadings appear at any time..

| (3):,Repeat (l). and (2)'abqu using a.constantimodula—
tion,fréqueﬁcy of 1500 Hz wnile é)owly vérying~the FIi signal
: generatof output ﬁrom 0 to 10 mW andlback 0 mw;? Repecat (l)

~and (2). above using a constant modulation frequency to 3100 Hz.
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(4) Repeat the entire test for freqdenties of 40
and 460 MHz.

(d) citizens Band (CB) AM Transceiver Interference Tests.

(1) Connect the AM signal generator to the line impe—
dance stabilizatign network, as shown in figure 12, such that
the rf signals are impressed on the radar device power line.
Place the radar device in the statinmnary modé, estabiish a
simulated target of 40 mph (64 km/h), then increase the
simulatedbsighal level by.3 dB. Set the generator to a fre-
quency of 27 Miz with an,butput of 5 mW, as measured by the
power meter, with no rmore than 1 mw réflected power, at a
frequency of 27 Milz and adjust the generator nodulation
to 99%. Slowly vary the modulation freguency from 200 to
10,000 iiz and back :to 200 Hz. Verify that no erroneous
readings appear at any time.

l(é) For type II and IV radar devices,.switch to}the
hoving rnode, turn off the AM signal generator, establish a
patrol speed of 50 mph (80 km/h) (10 dB above minimun patrol
signal) and a target speed 2f 60 nmnh (96 kxm/h). Then increase
the simulated signal level oy 3 dB, turn on the AM signal
generator, and repeat the above procedure. Verify that no
erronenus rea:lings appear at any time.

(3) Repeat (1) and (2) above using a constant modulation
fregquency of. 1500 tiz while slowly varying the AM signal gen-
erator oatput fron 9 to 5 mW and back to O maW. Repeat (1)

and (2) above using a constant modnlation frequency of 3100 Hz.
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§ 1221.81 ﬁadar device operational test#.

Install the radar device in the patrol vehicle in
accordance with the manufécturers instruétions, using extrene
care in positioning the antenna. The patrol vehicle shall
be of the ﬁype normally used for law enforcement purposes,
with heavy duty components. It shall have at least one stan-
dard'policé Fﬂbtranscéiver'and an antenna instaiied in
accbfdan¢é wi£h gﬁe instruétions brbvided‘ﬁy.the‘g;aﬁséeiver
manufacturef.‘ This test must be conducted in an environmént
free-of.éxtraneous'moving targets such as large ventilation
fans.

(é)' Police FM Transceiver Interference Test.

(1) Start the parirolvvehicle enginé'and'set it to

a fast-idle; ‘Wait-3b,seconds, p1ace the.radar;device~in the
stationary mode and;éwitch on the .FM gransceiVef...Track'
a justfacquired<distant target traveling at a speed of 50 mph
(80 xm/h), activate the»push—to-talk,éwitcﬁ and use the
slide whistle to trahsmit tones .via the micropﬁdﬁé. Slowly
vary the tone of the.slide whistle from 500 Hz ;to0.3000 Hz. .
and back to 500 Hz, obsgrving the t&rget speea display for
possible é?rqneous ;eadings;v Repeatﬂtwg?hore‘times. |

| (2) TgrgréfEJthe EMR;fan;c¢iveéAand'repeét the proce-
dure,usingfa handheld FM,§fansceiver Wi;ﬁ:an“iqﬁgg;al
antenna ahd_an?ou;putHPOWéf of 2 watts or,hq?e pqéitiqﬁed

at the patrol -vehicle driver's location.
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(b) Citizens Band (CB) AM Transceiver Interference Test.

Mount the CB Lransceiver in a typical front seat locat.ion

and insta[llthe.dntenna as recominended by
Connect the CB transceiver power leads to
or the ignition switch circuitry, but not
lighter. Start the patrul vehicle engine

fast idle. Place the radar device in the

the nmanufacturer.
the vehicle battery
to the cigarette
and set it to a

stationary mode and .

track é'juét—acquired distant traget traveling at a speed

of 50 mph (B0 kxm/h). Switch on the CB transceiver, set it

to channel 20 activate the push-to-talk. switch and use the

slide whistle to transmit tones via the microphone. :Slowly

vary the tone from 500 to 3000 Hz and back to 500 Hz,

observing the target. speed display for possible erroneous

readings. Repeat for channels 1 and 40,

(c¢) Adjacent Vehicle Radiofrequency Interference Test.

(1) sStart the patrol vehicle engine and set:it to a

fast idle.. Place the radar device in the

stationary mode

and track a just-acquired distant target traveling at a

specd of 50 mph (80 km/h). F¥From a distance of at least

50 ft (15 m), slowly drive a second vehicle equipped with

a police FM transceiver of at least 50 watts of output

power and a matching antenna past the patrol vehicle passing

within 10 ft. (3 m) of it. Use the slide whistle to transnit

tones between 500 and 3000 iz from this transceiver until

reaching a point SO ft. (15 m) away Crom the patrnl

vehjcle. Note any erroneouns readinjs on the: radar device

-0LY-




display. Turn the second vehicle around and repeatvthe
above procedure, passing with 10 ft. (3 m) of the patrol
thicle 1 its other side, again using the slide whistle to
transnit modulafing tones Frgm 500 to 3000 Hz, and nbserving
the radar speed display.

(2) Turn off the FM transceiver, mount a 4 W minmun
output power CB transceiver powereq by the vehicle electrical

system in the second vehicle and repeat the above procedure.

§ 1221.82 speed accuracy test.

(a) Establish a measured diQténcebof at least 2640 ft
(800 m) on an Open, level location away from other mov1ng
targets. Turn on the radar devxce place it in the stationary
nmode and drive the patrol vehicle over the neasured dlstdnce
at a constant speed, measulng the lapsed time w1th a
stopwatoh whlle reeordlng the patrol speed readlng and the
speedometer readlng Repeat the procedure twlce in each
dllectlon, malntalnlnq the same speed for all 4 runs. TUse
the stopwatch.average time to determine the true pdtrol |
- vehicle speed and use this speed to calculate the patrnl
vehicle speelometer co:rectidn factor.apd theiradar,device
speed eurrection factor. Repeat this prpcedure Eor speeds
of 20, 50 and}704mph (32, 72, and'96bkm/h). |

'(b).'fnr type TI and IV radar devices, switch to the
'mov1ng mode oOf operatinn and repeat this. procedure to obtain

the appropriate correction factor.
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(c) Switch the radar deviée to the stationary mbae
of operation and position the fadqr ejuipped patrol vehicle
near one end of the measuréd tést rahge. Drive a target '
vehicle ﬁhrough the measured distance at a constant speed,
measuring the elapsed time with a stopwatch, recording the
speedometer reading and measuring target vehicle speed with
the rédar device. Repeat one time, then move the patrol
véﬁiéievﬁo‘tﬁe 6§b§si£e.énd of the measuéea fénge. Répeaé
the procedure twice in this direction, again recording the
stopwatch elapsed time, speedometer reading and radar speed
reading. Calculate the true target vehicle speed, the
target vehicle speedometer correction factor and the indi-
cated radar speed reading. PRepeat this procedure.for speeds
of 20, 50 and 70 mph (32, 80 and 112 km/h).

(d) For tvpe Tl and IV radar devices, switch the radar
device to the moving mode and station the patrol vehicle and
target vehicle at opposite ends of, and the target vehicle
beyon:d the end of, the measured distance. Make 3 moving mode,
constant speed, approaching runs in each direcpion, recording
the'spgedoneter readings of each vehicle and the radar device
sneed display rgadinqu A stopwatch inay be usedlto obtain
the true vehicle speed.  Average the 6 speedometec and speed
dAisplay readings. Calculate the true target vehicle speed,
the target vehicle correction fact&r and the indicated
radar speed reading. Repeat this procedure using a patrol

speed of 20 mph (16 km/h) and a target speed of 55 waph
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(88‘km/h) ana Qsidg a patrol s§eed of 55 mph (88 km/h)
and a ta#‘get .speeld'Aof 70 mph (112 xm/h).

(e) For radar devices with a moving mode, following
feature, repeat this proceddre using a patrol speed of

55 mph (88 km/h) and a target speed of 70 mph (112 km/h).
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Measuring Padar Devices

' Table 1.--Minimum Performance Requirements fér Speed

Performance Characteristic

Minimum Requirement

A.

Bl

Tuning Fork Frequency Toléréncéwl

Rajdar Device Tunxng Fork Speed
Tolerance

Microwave Freguency Variation

Input ‘Current Variation
Radiated Output Power Variation

Antehha Horizontal Beam Width

Ahtenna Near-Field Power Density

Radar Device Speed Tolerance
During Vibration

Low Supply Voltage

Display Readability Contrast
Display Readability Height

Target Channel Sensitivity, <
Stationary Mode

Tarcet Channel Sensztxvzty, <
Movina Mode .

Target Channel Speed Displays
Patrol Channel Speed Displays

Patrol Channel Speed Changes

Accuracy, Stationary Mode

Accuracy, Moving Mode

172 %

+

+ 1 mph (+ 1.6 km/h)

10,500 ~ 10,550 MHz (X-Band)
24,050 - 24,250 MHz (K-Band)

10 &

+ 1.5 GB

18° max (X-Band)
15° max (K-Band)

As specified by mfgr

+ 2 mph (+ 3 km/h)
.10.8 V max
2.5
-4 in (1 cm).
10 dB 20 to 90 mph (32 to 144 kn/h
< 3 dB 60 to 90 mph (96 to 144 km/h
< 10 8B 40 to 90 mph (64 to 144 km/h
< 3 dB 60 to 9C mph (96 to 144 km/h
20 mph (32 km/h) max low speed
100 mph (160 km/h) min high speed
20 mph (32 km/h) max low speed
55 mph (88 km/h) min high speed

+ 1 mph (1.6 km/h) for
3 mph (4.8 km/h) per sec

+

|+

1 mph (+ 1.6 km/h)

2 mph (+ 3 km/h)
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Figure No. 1
Line impedance stabilization network (LISN).
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Figure No. 2

Block diagram for tuning fork calibration measurement.,
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Figure No. 4 ) .
Block diagram for input current, low supply voltage
ana power surge measurements,
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Figure No. 6
Antenna beam width correction factor, f°.




-9‘-

= RADAR
STANDARD ~UNDER FIELD
~ SUPPLY TFS";_ INTENSITY
| vorrace METER
- 'Figure'No.-i ,
am.for the antenna near-field power

-Block diagr
: %ensity measurement.




RADAN
UNDER
TEQY

STANDARD
SUPPLY
VOLTAGE

TARQEY-8PEERD

OPEN-ENDED
RECTANGULAR WAVEGUIDE

MOOE PILYER
T 18 CM LEBNOTN

EOUI"IRI

AVUDIO
81Q0.-GEN.

PATROL-BPEED

AUDIO |
810.~GLkwN.

h—,@'———ﬂ

————

—%

ARRAAAS

N

|__

R

ﬁ{%{\

MAR

L1235

MOLE-SIDE-DAND
ODULATOR

MODUI.‘AYOI

BALANCED I

Figure No. 8

Block diagram for the simulator test range used in the doppler audio),
power surge, speed display and electromagnetic interference measurements.

A-

WAVEGUIDE MAGIC-TEE

B- WAVEGUIDE TERMINATION
C- TUNABLE DIODE DETECTORS

Figure No. 8a
Schematic of balanced modulator shown in Figure 8.
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ALl- PASS 90 DEGREE PHASE-.SHIFTER
300 Hz to 10,000 Hz

R R
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All'IC's. NESS34N or Equiv,
R 3 10 k ohms

Ro= 1| k ohms
R1* thru RﬁA‘ selected to

match capacitor,

where R* = 1/ (6.28321,Cy)

Cc = 27 pf

Co =.1,0 pf

r2* [“3-4
AAAA - - AAAN/
AAAA AN A . ]

b |
2700pf == 'jL:' 3300 pf 0.033pf
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" fv‘v‘v‘v‘ . . v‘v‘v‘v‘ I
L. L }
j:o.osuf 0.01pf ':'[ T 0.022 pf

S - 0,01uf ':'[

Flgure Nd. 8b
Schematic of 0-90° phase shifter shown in Figure 8.
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Block diagram for the simulated wvehjcle

alternator irterference measurement
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Figqure No. 11

Block diagram for the simulated vehicle
ignition, air conditioner/heater and

windshield wiper interference measurements,
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LE3

Michigan Radar Task Force Performance Standards
for Existing Speed Measuring Radar Devices

September 15, 1981

Speed measuring devices currently in use by law enforcement agencies in the
State of Michigan are for the most part, accurate, useful, and reliable tools
in the hands of properly trained operators. The primary intent of new device
performance standards and new operator training programs is to decrease the
level of skill needed for the proper use of radar devices while simultaneously

-.increasing the level of skill of officers who use them. This is to ensure

that radar retains its acceptance as an essential law enforcement tool.

- A secondary, yet important, intent of the new device performance standards

is to ensure a reasonable useful life for these devices, ease of maintenance,

“and reasonable mean-time-between-device failure under normal storage -and

operating conditions.

Two years of extensive laboratory and field testing has determined that radar
speed measuring devices presently in service by law enforcement - agencies

in the State of Michigan can be operated reliably by properly trained personnel
provided the following two features are not present:

I. A mechanism for automatically locking a target speed in the display,
i.e., autolock;

2. A mechanism such as ar audible tone and/or momentary locking of the'
display for warning operators that a displayed target is exceeding a
present speed threshold, i.e., violator warning.

and provided the following two features are present:

1. A minimum of two disblay windows for moving-mode radar so that the patrol
speed and target may be displayed simultaneously.

2. A doppler audio signal channel with gives the operator a tone that directly
correlates with the displayed target's speed.

Existing equipment shall either be qualified to override the two undersirable
features or they shall be tanen out of service. Radar devices which do not
possess the doppler audio feature, shall either have this feature added or
shall be taken out of service by October 1, 1983. (NOTE: A deadline of
October 1, 1983, has been set for either adding the doppler audio feature

or for taking devices out of services which do not possess the doppler audio
feature. This two-year period is given because of the expense required to

add the audio feature, approximately $300 per unit. Without the audio feature,
operators will have to be very selective in terms of roadway and traffic
conditions for which such a radar device is used.) And, finally a moving-

mode radar device which possess only one display window shall either be modified
to operate only in the stationary mode or it shall be taken out of service.
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Summary: This notice establishes minimum performance requirements for the
procurement of speed measuring radar devices that will be used by law enforcement
agencies in the State of Michigan. The intent of this standard is twofold:
First, the standard specifies critical operational capabilities and features
of speed measuring radar devices so as to ensure that a properly trained
operator can use these devices reliably on Michigan roadways; and this will
enable radar to retain its acceptance as an essential law enforcement tool.
Second, the standard specifies that the parts and overall construction of
these devices are such as to ensure reasonable useful life for these devices,
ease of maintenance, and reasonable mean-time-between-device-failure under
normal storage and operating conditions. (NOTE: As of the date of this
document, NHTSA has developed, but not yet enacted, a regulation dealing

with performance requirements and test methods for evaluating speed measuring
radar. devices. Once enacted, this.Federal regulation will supercede the
Michigan)Radar Task Force Performance Standards for New Speed Measuring Radar
Devices. . S

Performance Standards:

1. Devices may be one-piece or two-piece contruction. . One-piece devices
with moving-mode capability must possess a suitable mounting bracket .
. to secure the unit for moving-mode operation. Two-piece devices must
possess a suitable antenna mounting bracket and suitable hardware for
securing the .display module to this antenna bracket or to some other
. fixture within the patrol vehicle. ‘ : o

2.  The minimum display range for the target channel shall be 15 mph to
129 mph for both stationary and moving-mode radar. -

3.. The'minimum display range for the'patrdi channel for‘mbving-mode radar
shall be 15 mph to 79 mph. S o _

4. When the radar device is .operated in either the stationary or moving-
.mode, its target channel signal processing sensitivity shall not vary
by more than 10 db for targets traveling at speeds between 15 mph to
129 mph nor .more than 3 dB for targets traveling between speeds of 60
mph.to 90 mph. (NOTE: For moving-mode radar, this requirement holds
for all patrol vehicle speeds on the range 15 mph to.79 mph, but it
is understood that there is an exception for target speeds within +1
mph of the patrol speed since notch filter characteristics may cause
the target channel signal processing sensitivity to drop below 10 d8.)

‘5. The minimum temperature range shall be-22°F to-+140°F,

6. The minimum opefating«vqltage rahge:shali be-10.8 V to 15 V.

7. Ovér the entire range of targét speeds;'patrol'ébeeds,‘operating tempera-
tures, and operating voltages, the accuracy of the target channel display

shall be +1 mph for stationary-mode operation and +2 mph for moving-
mode operation, and the accuracy of the patrol display shall be +1 mph.
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10.

11.

No fixed part of the radar device shall come loose, nor movable part ~
be shifted in position or adjustment, as a result of the following vibretion
test for each orientation of the device: First subject the radar device

to threeé 5 minute cycles of simple harmonic motion having total excursion

of 0.03 in applied initially to 10 Hz at a minimum rate to 30 Hz in

2.5 minutes, then reduced to 10 Hz at a uniform rate in 2.5 minutes.

Then repeat the above test for the frequency range 30 Hz to 60 Hz for

a total excursion of 0.015 in.

The device shall possess the following features:

a light segment test;

an internal counter test:

C.. a doppler audio output whose tones shall be clear and in a frequency

- range that makes it useful to an operator for the full m1n1mum
ranges of target and patrol speeds;

d. a volume control for the doppler audio channel; :

e. a squelch feature such that no audio output is present when a target
speed is not being displayed and a manually activated squelch override
feature;

f. a mechanism which warns the operator that rf 1nterference is present
and also automatically blanks the display before erroneous target
display readings occur due to this interference; . _

g. a mechanism which warns the operator that low-voltage condition
exists and also automatically blanks the display before erroneous
target readings occur due to this condition;

h. a power cable which is hardwired to the radar device and fitted
at the other end with a male cigar type plug, "Safco No. 20" or
an approved alternate;

i. a power line fuse and appropriate over-voltage protection;

AR a range control which has a variable control capable of prov1d1ng
an approximate linear response (zero to maximum) over the full
range of settings;

k. a minimum of two display windows for mov1ng mode radar to d1sp1ay

patrol speeds and target speeds simultaneously.

O o

The device shall not possess the following features:

a. a mechanism for automatically -locking a target speed in the display,
i.e., AUTOLOCK,

b. a mechan1sm such as an audible tone and/or momentary 1ock1ng of
the display for warning operators that a displayed target is exceeding
a present speed threshold, i.e., VIOLATOR WARNING;

Each radar device shall be accompanied by the following items:

a. a simple tuning fork for stationary-mode and two tuning forks for
moving-mode radar. (NOTE: these tuning forks shall be properly
labeled with speed information, identified for X-band or K-band
radar devices, possess a serial number, and be accompanied by a
certificate of accuracy.);

b. an operator’'s manual;
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12.

13.

c. a statement that the radar device complies with all appropriate
Federal regulations; _
d. appropriate mounting brackets for the antenna and display module.

Radar devices shall be appropriate to the patrol vehicle used and the
nature of the roadways on which the device are operated. (NOTE: Agencies
procuring radar devices should set forth in their Request for. Quotations
the types of roadways that the radar devices will be used on--one-way
city traffic, .two-way city traffic, two-lane highway traffic, multiple-
lane undivided highway traffic, and multiple-lane divided highway traffic,
and the type of patrol vehicle(s) in which the devices will be used.)

The device shall be of rugged construction and reasonably resistant _
to moisture and other forms .of contamination that might affect the device's
performance or rate of repair, and labels, connectors, switches, and

dials shall be durable for the reasonable 1ife of the device. ‘Moreover,

the device shall be capable of being maintained at a reasOﬁab]eAcost..




Appendix
Sample Request for Quotation
" for Measuring Radar Devices

The purpose of this appendix is to assist law enforcement agencies in the
State of Michigan in the preparation of a "Request for Quotation" for speed
measuring radar devices. Although a particular agency may have a special
reason for specifying X-band or K-band radar, two years of laboratory and .
field testing have failed to determine that one type is superior to the other.
Basic device engineering and device quality control appear to be the keys

to overall performance. Severa] options are possible and are indicated next.
Also, agencies should state in the preamble to their Request for Quotation
the nature of the roadways that the devices will be used on as wel] as the
type of patrol vehicles used. '
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~ Commodity

Quantity Unit

No.

Sample
Request for Quotation ‘
Unit
"Speed Measuring Radar Devices" Price

Amount

Two Piece With Moving & Stationary Modes
Please indicate X . or K Band.

One Piece, Hand Held With Moving & Stationary ‘
Mode--Please indicate X or K

Band.
One Piece, Hand Held Stationary Mode Only
Please indicate X __ or K Band.

Speed measuring radar devices must conform

to the Michigan Radar Task Force's Perfor-
mance Standards for New Speed Measuring Radar
Devices--September 15, 1981, and to all pre-
vailing Federal requ1rements The following
additions and exceptlons must be considered
by bidders and adhered :o. Each bidder must
indicate in detail any exceptions that his
product fails to comply with.

1. Radar units of two piece construction shall
have a connecting cable of three (3) feet in
length. _

2. ‘Power cables shal] be three (3) feet in
length, one end hardwired to the radar
device, -the other end shall be fitted
with a male cigar type plug, "Safco
No.. 20" or approved alternate.

3. The antenna mount for mov1ng-mode radar
devices shall be an inside vehicle type,
close to windshield giving minimum obstruc-
tion to the driver's visibility and minimum
mechanical interference with driver. The
mounts for two-piece radar units shall hold
the read-out module and-antenna securely so
they will not be dislodged during normal

_ patrol car maneuvers.

4. The display module shall be of a light color
‘non-glare finish with a padded protective
cover. There shall:be no exposed sharp edges
or corners.

Hand held units .shall also be of a l1ght
-color non-glare finish.
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~ Commodity Unit
Quantity Unit No. "Speed Measuring Radar Devices" Price Amount

5. Options: Please quote separate cost for
items A-F.

A. Manual display speed lock $ L

B. Auxiliary speed display $§ .

C. PF stand-by mode switch, actiQated by
an on-off toggle switch on a three (3)
foot cable §

‘D. Service manuals, to include complete
schematics, printed circuit layout prints,
parts lists, and explanation of the
technical theory of operation. $

E. Luggage type carrying case $

F. Alternate power source (battery) complete
with shoulder strap, and charger §

6. The unit shall be fully warranted against all
defects in materials and/or workmanship for one
year. A1l parts and labor will be furnished by the
manufacturer.

On or before bid opening date, one (1) unit
(Production Model of each type) complete with
mounting brackets shall be provided along with

all other material required. This unit may .

be subjected to field and laboratory examination
and testing to ensure it conforms with bid require-
ments. Devices which fail to meet bid requirements
will be returned at the bidders expense.
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FIEILD STPENGTII MEASUREMENTS OF SPFED MEASURI'IG RADAR INITS

IS

e €. Baked, %t ¥, Lewis, 5. P. Kremer, S. 3. Filgoret*
Mational Bureau of Standards
Washington, NC 20234

The objective of this project was to measure the
microwave radiation emitted hy speed measuring radar units to
obtain a data base for evaluating the potential radiation
hazards of these devices. Measurements were taken hoth in
free-space and with the radar -units mounted in typical
operating positions inside or attached to a four-door sedan.
The free-space measurements were made at four different
distances to determine the field strength as a function of
distance from .the radar units. Calibrated radiation level
probes were used to measure the field strength inside the
automobile and scan the interior volume of the four-door sedan
with particular attention to the driver and = passenger
locations. Twenty-two radar units were involved, and the data
are presentnd in a power density format.

Key words: Doppler radar: field intensity; hazard: microwave
radiation; power density; radar unit; radiation level; speed
measuring radar. '

1. INTRODUCTION

The objective of this project was to accurately measure the microwave
radiation emitted by speed measuring radar units in order to obtain a data
base for evaluating the potential radiation hazards of such devices. To
meet this objective, the following two measurement tasks were undertaken.

Task 1. Free-Space !leasurements: Direct measurements of the field strength
levels surrounHEng 20 different radar units were made in the 1lahoratory
under approximate free-space conditions. In order to ohtain data in the
side- and back-lobe regions as well as in the direction of the main beanm,
measurements were made at selected points on an imaginary spherical surface
centered at the aperture of the radar unit. Further, measurements were made
at several distances in order to determine the field strength as a function
of distance from the radar units.

Task 2. Vehicular Measurements: The radar units were mounted inside or
attached to a four-door sedan in normal operational configurations.
Calibrated radiation 1level probes were used to measure the field strength
inside the automobile and to scan the entire interior volume of the vehicle,
with particular attention to the driver and passenger locations. This task
provided data on field strengths inside the automobile under sinulated
operating conditions.

*LClectromagnetic Fields NDivision, Center for Tlectronics anA Mlactrical
fngineering. '
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2. 'TASII .1 MEASURRIMINTS
2.1 General Approach ;_

The purposc of this task was to measure the field irntensity in the
region surrounding each radar unit and to cdetermine and display the power
censity as a function of direction and distance fror the radar. he
measurcrments were performed at the ilational Burcau of Ztancards (I'5S8) near-
ficld scannincg facility employing standard antenna measurerent technicues.

The experimental arrangement ané coordinate systen are shown in fioure
1. The radar was mounted on a model mount aimed at a small receivinc
antenna (probe), and aligned so that the aperture was in the x-y plane and
the dircction of the main beam was along the z-axis which coincided with the
axis of the receivine probe. The radar was then rotated (scanned) a full
360° about the y-axis (6 rotation) and the réceived siqnal was recorcec
at 5° intervals in 8. !lext, the radar was rotated by 10° about its own axis
(¢ rotaticn) and the 6 scan was repeated. (‘lote that, as shown in fiaure 1,
th> ¢-rotation axis coincides with the z axis for 6=0.) This process of
stepping in ¢ and scanning in 8 was repeated until data had been obtained
over thc entire mecasurcment sphere enclosinc the radar. The corplete
process was repeated for several separation distances,. @. :

Recelvlﬁg Probe

/ Receiver and |
R - - -Tt—T ' Datg Recording|
Model - ystems

.—Auxlilla.ry Antenna .

Absorber

o

~———Rotator

Tiqure 1. Tuperirental sctup used for reasurinc clectroraqnetic
field strength in the vicinity of sneced racar units.
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: The received power, Dy, picked up hy the probe was determined by means
of a calibrated receiving system. The power dJdensity, W, incident on the
receiving probher, was determined from the relation

4np
We .= : (1)
réc '

In this eguation, G is the gain of the probe ard A is the free-~space
wavelength of the energy emitted by the radar upit (1)°.

2.2 Description of !easurement Systenm

The measurement system is shown schematically in figure 2 as connected
for power-density measurements. The signal generator, rotary-vane
attenuator (RVA), thermistor, and power meter were only used in the
calibration process to be described later. The rest of the system
functioned as follows. The electromagnetic (E'!) field emitted by the radar
was sampled by a small probe antenna. ™he probe output signal was detected
in the nixer and amplified and measured in the receiver. Finally, the
amplitude was digitized and recorded on magnetic tape for later computer
processing. A coaxial nixer was used for the X-Band measurements and a
waveguide mixer was used at K-Band. The receiver used was a calibrated,
three-channel, wide-band, phase-amplitude model. ' ' '

Radar

Auxiliary ~~ ¥
Antenna

Recelver Digitizer

Signal

. Magnetic
Generator g

Tape

Fiqure 2. Schematic diagram of measurement system used to determine

' power density. As shown here, the system is connected
for measuring the probe output produced by an incident
electromagnetic field. The auxiliary antenna and
circuit provide a ‘stable reference signal to which the
receiver is phase locked. A 1 mw calibrating signal
is established at point A by means of the calibrated
thermistor, power meter, and rotary-vane attenuator
(RVA) .

V'lurliers in brackets refer to references in appendix -.
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.In order for the receiver to have sufficient sensitivity to detect the
wecal. signals existing in the side- and bhack-lobe regions, it must be phase
locked to the radar. Since it was not feasible to connect a cable to the
radar, the phase-lock signal was provided by means of an auxiliary antenna
and mixer which responded to the side-~lobe energy radiated hy the radar and
orovided a constant signal for phase locking the receiver, llote that the
auxiliary antenna and mixer were mounted on the rotator (fig. 1) so that, as
the radar was rotated in azimuth (68), the relative positions of the radar
and auxiliary antenna remained unchanged and the phase-lock signal remained
constant within 41.9 dB. As the radar was rotated in ¢, changes of as much
as +3 AB in the 'amplitude of the phase-lock signals were ohserved, Aue
mainly to the change in polarization. However, the receiver remained locled
during these changes and, since the data were recorded only during 0 scans
with constant ¢, these changes of amplitude in the locking signal were of no
consequence. The auxiliary antcnna was rounted below the probe and well out
of the. main beam, so there was no significant interaction between them; that
is, the auxiliary antenna did not noticeably perturh the field measured hy
the probe. ‘

~he auxiliary antenna used for the X-Band measurements was a broacdband
conical spiral with Type M connector and it was connected to a coaxial
nixer. The K-Band auxiliary system consisted of a standard gain horn and
waveguide mixer.

2.3 Calibration of !easurement System
2.3.1 Calibration Procedure

Absolute calibration of the power density measurement equipment was
accomplished by means of the signal generator, attenuator, thermistor, and
power meter of figure 2. The signal gencrator provided a calibrating signal
of constant amplitude and frequency. The power of this signal at point A
was measured by the calibrated thermistor and power meter combination, and
accurate changes in this power level were accomplished by means of the RVA.
The procedure for carrying out the calibration was as follows.

The radar was set at 620 and 4=0 , in which case the probe measures
the power in the main beam and the probe output Bignal was near a maximum
for that distance. Under these conditions the receiver amplitude was set at
D1.00 dB. Ilext, the signal generator frequency was set equal to the radar
frequency and, with the RVA set at 0 dB, the signal generator amplitude was
adjusted so that the power meter indicated 1 mW. This means that 1 mW of
power was available at A 1f the thermistor and power meter had been
calibrated correctly and all mismatch effects taken into consideration.

The next step was to disconnect the auxiliary mixer from the auxiliary
antenna and connect the mixer to the signal generator as shown in fiqure 3.
This 1link provided the required phase-lock signal for the receiver. The
transmission line connecting the RVA to the thermistor was disconnected at A
and connected to the primary mixer at B in.place of the probe (see fig. 3).
Following these connections, the RVA was adjusted until the receiver agair
read approximately 00.00 dB. The attenuator reading was noted, along with
the offset from zero on . the receiver. Finally, the circuits were
reconnected as - in figure 2 to make sure that no significant drift occurred
during the calibhration. .

The ahove proccdure'determined the output power from the probe at R with
respect to 1 mW. In other words, if the final NMVA setting was X @B and the
receiver offset was. L dR, then the probe output signal would be (K+L) dr
lelow 1 mii. LCq (1) can then he used to calculate the incident on-axis power
density, and the power densities at all other points are lnown since they
were measured with respect to the on-axis value.
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Radar g ' Mixer

ooy, S

Antenna

A Thermistor

Power
| Meter

- . Recelver

Source

Mixer

Figure 3. Schematic diagram of measurement system as it is

' connected for calibrating the probe output signal.
The 1 mW calibrating signal is inserted at 1 and
compared with the signal produced by the probe
antenna (see sec. 2.3.1 for details).

This calibration procedure was repeated at every nmeasurement distance
used for each radar. . .

2.3.2 TIstimated Measurerient Accuracy

According to =2q (1), the accuracy of the measured power density depnnds
on how accuratcly the received power is determined hy the calibration
procedure of the preceding section, anéd on how well Gp, the gain of the
probe, is known. The accuracy of the Py calibration depends, in turn, on the
accuracies of the attenuator, thermistor, power meter, and receiver. Mn
additional factor is the degree of reperatahility associated with the
disconnection and connection of the transmission lines and probe at points A
and B of figures 2 and 3. Any amplitude drifts in system components ecr in
the radar itself will also affect the repeatability.

The RVA is a calibrated, precision lahoratory standard with an uncer-
tainty of 1less than +0.72 dB over the range 9 to 21 dF used for these
measurements. The therm{stor mounts were calibrated té account for mismatch
effects, loss due to absorption within the mount but not in the thermistor
elements, and the dc-to-microwave substitution error. The estimated
uncertainty associated with the thermistor mount is +9.16¢ dB, and the
uncertainty of the power meter used with the thermistor mount is +7.13 4n.
The uncertainty due to non-linearity of the receiver is +1.04 dr.

T"he repeatability error was determined by repeating the procedure of
section 2.3.1 and observing any variations in the attenuator setting and
receiver readings. The final receiver reading, following reconnection of
the probe, was especially significant for 1indicating drift and flange
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cvernaction errors. The uncertainty Aue to non-repeatability was estimateqd
o b 40,20 N ' - :

The theoretical cain . walue of ~rach Frobe at the frequency of interest
w25 used. These values are: : :

¥-nand (10.53 GHz). 16.7 dR+9.3 ~n
I'-Pand (24.15 Guz) €.7 @B+0.3 dp

These gains could have been determined to within +19.1 AP by careful
calibration, hkut it was not considercd worth the added effort and expense in
view of the other errors associated with the measurement. 1In addition,
there is undoubtedly some variation in the output of different radar units
of the same model, so there is not much to be gained by testing a particular
radar to such accuracy. A necar-zone gain correction for the “-Band prohe
vas requirecd at thc closest separation distance and has been include® in th-
calculations. :

The errors associated with thesge measurements are surmar ized below:

Uncertainty
Source of error (in decibels)
Rotary—vane attenuagor +1.72 ¢B ‘
Thermistor mount - . +7.06 dB 4
Power meter . - +0.13 dp
leceiver non-linnarity _ ' +0.n4 4R
Connector‘repeatability and system drift | +9.30 dn
ncorrected mismatch error . S ~ #0.10 @p
Probe<antenna.gain -,'7;' .:.‘» "‘ S +Nn,30 AR

Total error sum: +0.95 dR

The 1listed errors are approximate worst-case values and, since the errors
are uncorrelated, the sum represents a conservative estimate for the total
error. : .

Although an -estimated error approaching +1 4B may scem rather high, it
should e noted that radiated power density Is a particularly difficult
Parameter to measure with high accuracy hecause of the many variables and
precise calibrations involved. TIn this case, the two largest sources of
error were associated with the gain of the probe antenna and with connector
repeatability and system drift. As has already been mentioned, the gain
uncertainty could be reduced to +0.10 dB hy careful calibration, and the
repeatability could probably he improve1 to 0.10 to N.15 ¢én through the use
of precision connectors. These improvements would result in an overall
error of approximately +0.5 dB, which is about the best one could expect.
However, considering the variability that exists among radar units of the
sameé type and the variable effects of the immediate operational radar
environment on the radiated fiel@d strength, the approximate +0.3 daB
inprovement in accuracy did not justify the use of the more expensive and
time-consuming techniques required to achieve it.
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2.4 lleasurement Procedures and Results
2.4.1 Alignment and Measurements

The mounting arrangement is shown in figure 4. A ring mount was
constructed which clamped to the radar being measured. The ring mount was
attached to. a  tilt plate which was, in turn, attached to a translatien
plate. The translation plate was bolted to the model mount. & handgun is
shown mounted in figure 4, but the same basic arrangement was used for all
the radars tested. Care was taken to assure tkat t'o radar aperturs  wvas
always well in front of the metal nounting ring to minimize perturhatior of
the pattern by the mount.

Translation
Plate Tiit Plate ' Ring Mount

/- /

Figure 4. Mounting arrangement used to support radars so that
they could be properly aligned for radiated power
density measurements. -

Although mechanical, optical, and electrical techriques for antenna
alignment were employed, the final test involved only electrical
neasurements ot the fields emitted by the test antenna. Proven methods werce
used for the precise alignment of cach radar. The objective was to assurec
that the radar axis coincided with the ¢ rotation axis of the model mount
and that for 6=0, the axes of the probe, radar, and model mount were all
coincident with the z-axis of the coordinate system of fiqure 1. Once this
was accamplished, the z-position of the radar was adjusted slichtly by
moving the model mount with respect to the azimuth rotator until rotation in
8 procduced minimal phase variations. This adjustment was done to nlace the
rotation axis at the phase center of the racar.

Mfter the alignment was completed, a set of Aata was obhtained hy
rotating the radar 360° about the 6 axis, recordina the field strenath at s°
intervals in 8, and@ repeating the process for 10° increments in ¢ until the
entire sphere was scanncd. This procedure vyiclded data alona the 10°
meridians of a sphere. .

1nS




The total power density is the sum of the pover densities associated
with two orthogonal field components. Therefore, at each measurerent
distance, two complete scans must be performed, one for each component.
Since the probes were linearly polarized, they were oriented to respond to
the vertical component for one scan and then rotated 91° to respond to the
horizontal component for the second scan. The entire process was carried out
at four distances' for each radar, the distances bheina 1, 3, 6, and 12 ft
(30, 91, 183, and 366 cm) for the ¥-Pand radars and? 1, 3, f, and 1" ft (30,
91, 183, and 305 cm) for the K-Band radars. The largest K-Band distance was
restricted to 10 ft (305 cm) because the probe assembly was longer tharn the
“-Band prohe and the overall distance availahle was limited by the length of

"the rails on which the rotator was mounted. At the shortest distance, 12 in

(30 cm), the rotation about the 8 axis was limited to the rarge -135° to
+135° in order to avoid hitting the probe antenna with the rear of the model
tower. '

2.4.2 Results

The power density values were obtained as follows. Nesults of the
calibration procedures described in section 2.3.1 were analyred and used to
calculate the received power at the on-axis reference point, which we shall
call Py. The values of Pp obtained during the scanning process vere measured
relatiVe to this on-axis value. Once P, had heen calculated, the received
power in' my at each measurement point was determined and thr correspording
incident powver density was then colculated by eq (1), for each point. The
power densities for each component were summed to give the total power
density at each point. These calculations were performed using the RS
computing- facilities, and one of a variety of plotting routines was selected
to display the results in qraphical form.

In order to determine the symmetry of typical radiation patternrs,
contour plots like that in fiqure 10 (see 3sec. 5) were generated for
selected radars. lote that the heam rossesses circular symmetry down to
about 23.4 dB below the peak (42 dR below 1 mW/ecm< ). This symmetry is
typical of all the radars tested. Tnecause of the uriformity bhetveen radar
units, it was decided not to provide contour plots for each distance for 20
radars.’ ) .

2 graphical display which presents the power density information in a
more useful form is the polar coordinate format used in figures 11 through
50. ‘'These graphs display the power density in m/cr? or AR with respect to
1 miW/cm“ as functions of the angle off axis and the distance from the radar.
Lach figure has four curves, onc for each reasurerment distance, and figures
were prepared for Loth the vertical (elevation) and thorizontal (azimuth)
rattern cuts in order to display the effects of any siqnificart asymmetrirs
which rmight exist. The vertical and horizontal rlanes are defired with
respect to the radars when mounted in their norrmal upricht corfignrations
and pointed horizontally as in fiqure 1. The horizontal and vertical cuts
correspond to ¢=0 and 99° , respectivek& In ecach figure the oriqgin
corresponds to a power cdensity of 1n-5 mil/em The power density in a@n
corresponding to a particular distance and elevation or azimuth angle (equal
to 6 for these principal plane:cuts) is proportional to the length of the
rgdlus vector from the origin to the . point selected on the particular
distance curve. Therefore, the inner curve représerts the snallest- povnrr
density and - is for the largest distance from the radar. The stronqgest
fields are associated with the closest distance 12 in (3" cm) and are
plotted. on _ the outer curve. = This format bnrovides a qoo’ visnal
repgesentation of the ficld patterns as viewed hy an operrator positiored
behind the radar and looking in the direction the racdar is ainec. :

_ The nomenclature used to identify ¢the radars ' (¥-1, ¥-1, ete.) is
identical to that used in task 2 so that results betwr~n tasks may = ke
compared if desired. Fourteen ¥X-Band and six K-Pand radar units were taested

%uring task 1 and 15 X-Band and seven K-Band radar units wnrre tested during
as . -
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3. TASK D ITASUNTITNTS
3.1 fereral Approach

fince sp=ed rajaer units are usually mevrntod or or ingide an antanekile,

memrlate  Isvestigaticr of  ~icreways radiatin- Veuyede raguiren. that
wastrenents e ~made irsite the auntnmeohils unlecr normal)  oporatinag
conditicns. Dy this means it is possihle to ohserve any  field ariancenent
~ffccts  [reciuced by Lhe autonmohile arclesurer. ek 6f the 22 padar units
tosted s mounted in the positiors in vhich it is normally usn~g, a?ﬂ
calibrat~d field probes were used +0 mragure the novor density (rv/cr?)
throughout th- interior eof the car, paying particular atterntiorn to rngions
verre the head and groin weuld hwe located. ' :

2.2 Pretas Used fZor the Vohicular “‘easuvrerernts

Tvo different fprobes were used for these measurecnonts. Pr TS taia)
TYXT-1C Tlectric Trergy Nensity fleter was nsed for the measurenerts inrvolvina
th> ¥-nhand (110,505 Aliz) radars. This “'°S prohe does not onereate 2hove -
Band, so0 a comrmerical Clectromagnetic Nadiation "onitor was used for the v-
nand (24,15 4I'z) ncasurerants.  The sensor antennas in hoth prohes cersisted
ci tiree orthogonal dijoles in order to achicve isotropic resporce natterrs,
Thw necasurements are, therefore, quite insersitive to the oriertatior of the
probie with respect to the fi2ld heing rmeasured, as long as the probhe thnandle
is rnot npointed toward the raciatior source. ~he RS prcohe uscs diodes for
the letecting elements, vhile the ecormmerical unis ~mploys therrmocounlesg,
~oenscqguertly, the 'ITS probe has greater seneitivity; its threshold resronse
leing 0.001 »¥/cm?.  t1ith the commerical reter, the minimwm Artectahle power
toasity  was  N.01 r¥/en?. poth  prohes make use of high-resistance 1leads
2rtvecen “hre sensor and metering urit to rlininate piclup hy the leads which
weoul? gencrate an arror signal. ' Co

The meters wers calibrated by the free-space standard-field retho” wvhich
15 1llustratesd in figure 5. The power “ensity, W, at a point on the
transmitting exis nt a Jistance A4 from the standarc ¢ain Morr is given *ry.
P*G

W= ——-

Ang? oo

where  Dpois the net power delivered to the horn and 5 is the effoctive gain
of tie horn. The gain was determined in  advence [2) and Pp 2and 4 were
neasured as  part of the calibration procedure. ~he incicdent nowver N{ ana
reflectes pouver Dy verc nonitored with +he coupler szicearms, an?d Pp = Py=Pp,
"en ! had been deterrined at a particular point, tha probn “eirq ealilrated
was [ laced at this same roint in the ¥nown fi0l? and a prohé correction
factor wnrs  ohtained from the ratio of ‘the. actual povnr .Jengity to the
indicated pover Jensity. : T R

“hn o error ir the hasic calibration vas estirmated to hn +0.% AN (129,
lowever, in actual use, additional uncertaintins arose Jur 6 Such thirgs os
multipath effcets, perturbation of the £ield hy the operator, and the fact
that the rrobe was calikrated in a plane-wave field bLut was used in a morxe
corplex field confiquration. ™aling all of these factors irte sonsideration
roesulted in an estinated overall measurencsnt uncert-rinty of +1.70 an (252),
Slthough it may  seen rather high, a +1.% AF uncertainty I3 very gon” for
clectrormagnetic fiel? neasurerments performed  in such 2 ' complicated
clectromagnetic environrnent.
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3.2 Mcecasurement Procedures and Ncsults

Prior to maliing measurcmeonts inside the automohile, the pounr density in
the main beam, close to the aperture, was determined hy holdirg the vrelc
cirectly in front of the aperture as shown in figure (. These results are
listed in colunn ? of table 1. The ma:inum power density radiated to the
sides and rear of each unit vas also detcrminecd My moving thm prohe over the
surface of the wunit as shown in ‘figure 7 and olsecrving the mnmaxirum
indication. These values arc listed in column 3 of table 1.

Folloving the above tests, the ralars were mounted in, on, or hanl-"wld
ir. a four-wloor sedan in the various operating positions indicate. by the
nwibers in figure 8. In positions 1 and 2, the radars vere hand-hels and’
aired through thie windshield. Position 5 is the common dashkboard rourt il
the  redar  dred forwnrd (£i1g,. "), avS 57 ie the sare arrancerort o ccish A
radar ainal to the roar through the las!h window (fig. 9%). In rosivicnn 7
an 7 the radars were hand-held and airmed ou*t the 1eft and right front si‘e
windows, respectively., Tor nositior 2, the ractar wvas attanhel kg +h~ §anica
ol the right rear window an® airmed foruars through “he vwindshield wile, ir

osition 4, the radar was attached outsi'e tha 1nft rear window and  ~imes
Egrg:rd. In pozition 2, the radar was 2irr? £o the rear throngh &ha Tapl
windov.

Tach  radar urit vasz nounts! in mach of *%e positions ir which it t~n
:signad to operate, as indicated in colunr 4 of tnhlc 1. vith the radar ir
Fach csition, #the appropricie hazar® prehe wvas used to survey the £i~12
1ntcn31ty throughout -the interior of the autorohile. “h¢  maxirmur povor
censities cohscrved  in the general rocions occupied hy the “river and three
22ssengers (locations * throuch D of ‘iq. ©) are give=w in *able 1, colurrs
SRR These recorded values represent thr raxirun levels ohserved,; #hat iz,
“here were no values of higher radiation intensity in locations -other than

those whosc power dcnsity values are listed in table 1.

Figure 6. Ileasurement of main-beam Figure 7. Measurement of radiation
power density in the in the side- and back-
aperture region. : lobe regions.
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Numbers are radar mounting positions.
Letters are seat positions.
Figure 8. Diagram showiﬁg-the location of radar mounting

positions (1-8), seat locations (A-D), and

distances between selected radar positions and
seat locations used in describing field _
intensity distributions inside the automobile.
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Table 1. Results of vehicular‘power density mcasurements.

This table contains results of measurements of field intensitieés
produced by the various radar units inside an automobile. The radar code
numbers are giver in the first column, with the ¥~-Band units (24.15 611z)
designated by K-1 to K-7 and the V~Band units (10.52%5 Giz) by ¥-1 to Y-1°%,
Column 2 gives the power density in +he aprnrture, anéd column 3 the maximum
pover density in the back hemisphere. The mounting positions of column 4
correspond to the numbered positions of figqure 8 as described in the text.
The interior vehicular data are given in columns 5 to 8. BRlank entries in
these columns mean that the field intensities were too low to read with the
netcrs used for thesn tests; i.e., the fields were <N.N1l mi/cm?® for I'-Band
and <0.091 mi7/cm® for ¥-Pand.

Maximunm ’ “laximum power density at positions
Aperture back-lobe A, D, €, and D of fiqure 3
Radar power - power Radar (mv:/em?)
code density - densitx mounting
number (mii/cm?) . (mW/cm?) position A B . C n
V-1 1.97 <N.n1 5
8
K=-2 2.40 N.02 1
2
5
sr3 n.n1 n.n1
8
r-3 2.27 <N.01 1
2
K~14 1.83 <nN.n1 1
, 2
5
-5 9.25 <0.01 1
. 2
5.
fﬂa
Qs
I°-6 2.78 n.n2 1
2
)
K=-7 l.64 <0.n1 1
2
5
=) n.55 <n.nnl 1 n.n01
2
3 0.137 n.nn1 0.nn2 n.nn2
4 0.0171
V-2 0.73 n.nnl 1 n.001 n.nn1
2
3 n.3e n.nn3 n.nny n.nn}
4 .01
-1 2.82 n.119 1 n.1n2 n.0n3 n,nn1
2 n.nn1 n,n21 n.,nny n.nny
5 n.102 7.001 n.nnl
-4 .55 n.o18 1 n.nn2 n.ani n.nn1
2 n,nnl n.an3 n.n1 n.nnj
S n.101 n.No1 n.nnjy
XN 0.34 0.901 1
5

1




Table 1. Results of vehicular‘powe; density measurements (Cohtinueé)

“taximun Maximum power rensity at positions

Aperture bhack-lobe A, B, C, and D of figure 8
Radar power power Radar {(mt?/em®) :
code density densit¥ mount.ing
number (mW/cm?) (mW/cm?) position A n C D
X-6G 1.19 : 0.002 1
2
5 .
6 n.0n1
7
¥-7 1.10 . 0.004 1 n.on
Co : 7 n.on2 n.nnjl
2 ‘e - .
6 n.onl 0.002
5 0.001 0,001
X-8 - 0.89 0.002 1
7
2
6
S
X-9 0.96 n.nog 1 0.001
: : 7
2
)
5r @
X-10 1.76 n.000 1 0.001
7
P
6 .
5 n.nni
%-11 n.46 'n.001 1
7 n,nnl
2 n.nnl
¢ .
. ] 5
X-12 0.5 Aa.005 5
=13 0.93 0.003 1
2
5
6
7
X-14 0.48 © 0.001 1
’ 2
5
6
7
X-15 2.29 ’ 0.018 1
2
5
6 n.nnz
7 0.0n2

fame lecation as radar mounting position 5 except that the radar is pointecd

toward the recar of the vehicle.
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a) b)

Figure 9. Typical dashboard mounting arrangement:
a) shows the radar pointing forward, and h)
shows the radar aimed to the rear through the
back window.

4. DISCUSSION OF MEASURIMINT NFSULTS FOPR TASKS 1 AID 2

It is not the purpose of this report to state what Yrvels of
clectromagnetic ficlds cornstitute a health hazard. Such issues arm~ 1eft  to
those crganizations and corrittces that have heen estarlished to perform an-d
irterpret research on the hiological effects of electromigrotic raves and +o
sct cxiosure limits based on the results of such rescarch.

rron the agraphs cof figures 11 through 50 one can obtain the expected
Fower density in any desired region of space. For example, from ¢the
horizontal cut for -1 (€ig. 11), it is cvident tkat, for distances areater
than ]2 in (3% cr) and for all anales, the power fensity is 1less than 9.2
i /cm (-7 dp). Anotker way of using the curves is to Aetermine recinne
wvhere a specified power density such as 1.1 mt"/cm? is not oaxcee e, Trom
figure 11, it is clear that the powver Aensity ig less than 1,1 ri/cn? (-1n
d3) at all angles for distances greater than about 37 in (21 cem) ~And  alsc
for Jistances greater than 12 in (39 cn) if the angle is qreater than
approxinately +10° off axis. Similar ceterminations can h~ dore for thn
cther radars using the appropriate graphs.,

fecticn 1910.97 of the Nccupational Safety and Health 2et (OSHM)
contains a Tadiation Protcction Guide (RPG) which applies to exposure to
electromignetic radiation at various frequencies.  t frequencies of 1n °'wiz
to 10" Gliz, the TPG allows exposure up to a pover density of 10 mW/em? over
any 7.1-h period, or up to a power density of 19 m'W/cm* averaged over ary
9.1-h period or nore. Concurrently, a voluntary M"adio Frequency Protection
Guide of 5 mi!//em? for the 1509 Mz to 1NN GI= frequency range is under
consideration for adoption by the Mmerican ational Standards Institute.
Vhether the nowver density exrosure limit remaing at 1n mi/em? or is Jovered
to 5 miv/ci?, the nower densities measured at a 12 in (37 em) Aistance from
the radar.s did not exceed either linit, even if operatnd continuously. The
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K-Dand radars tended toward higher powers and, sirce the antennas had more
gain than the X-Band antennas, it was not surprising to observe that the
pover - cdensities were generally higher for most K-Band units. .In fact, all
except K-5 had on-axis power densities of approxinmately 1 mW/cn at the 12
in (39 em) distance. For comparison, the U.S.S.7. defines safe axposure
limits at 19 uW/cm< for a whole working day or exposure for not more than 15
or 20 min a day at 1 nW/cm- while wearing gogales [3].

The aperture power cdensity for most of the units, measured in task ?
(col. 2 of table 1) is a significant fraction (25 to 50%) of the existing or
proposed maximum permissible exposure levels. Based on the back-lobe data
(col. 3 of table 1), one can conclude that all units are well-designed and
packagec to provide shielding from leakage and® back radiation. There was
not a single case of reverse--hemisphere radiation of sufficient intensity to

- cause concern. In most cases, the power densities were Tf:;, or less, of

the erposure limit presently specified in the OSHA guide.

The data in columns 5 to 8 of tagle 1 indicate that the field levels
inside the car do not exceed 0.002 mW/cm® for most radar positions. The
najor exception occurs in the data for -1 and ¥-2 which show relatively
strong fields at location A when the radar is mounted in position 3. fThis
is .to bhe cecxpected. since location-A, the front seat passender position, is
directly in the main beam for this situation. . ‘lote, however, that the field
strength recorded at. the driver location is still low. : : :
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