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FOREWORD 

The Law Enforcement Standards Laboratory (LESL) of the National Bureau of Stan
dards (NBS) furnishes technical support to the National Institute of Justice (NU) program to 
strengthen law enforcement and criminal justice in the United States. LESL's function is to 
conduct research that will assist law enforcement and criminal justice agencies in the selec
tion and procurement of quality equipment. 

LESL is: (1) Subjecting existing equipment to laboratory testing and evaluation and 
(2) conducting research leading to the development of several series of documents, including 
national voluntary equipment standards, user guides, and technical reports. 

This document covers research on law enforcement equipment conducted by LESL 
under the sponsorship ofNU. Additional reports as well as other documents are being issued 
under the LESL program in the areas of protective equipment, communications equipment, 
security systems, weapons, emergency equipment, investigative aids, vehicles, and clothing. 

Technical comments and suggestions concerning this report are invited from all inter~ 
ested parties. They may be addressed to the Law Enforcement Standards Laboratory, 
National Bureau of Standards, Gaithersburg, MD 20899. 
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vi 
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SUSCEPTIBILITY OF EMERGENCY VEHICLE 
SIRENS TO EXTERNAL RADIATED 

ELECTROMAGNETIC FIELDS 

Ramon L. Jesch* 

National Bureau of Standards. Boulder. CO 80303 

This report provides the results of an exploratory study to determine the susceptibility of 
electronic sirens to interference from typical communications equipment such as the transmitters 
and antennas likely to be operated in and around a law enforcement vehicle. 

Tests were performed using five sirens and communications equipment operating at fre
quencies representing the frequency bands of25 to 50,150 to 174,400 to 512, and 806 to 866 MHz. 
The sirens were mounted oil top of a vehicle equipped with transmitters and roof-mounted 
antennas and subjected to levels of field strength generated by mobile transmitting equipment 
having output levels up to 100 W. The control units of the sirens were also subjected to various 
levels of field strength inside a transverse electromagnetic (rEM) cell or an anechoic chamber to 
determine their susceptibility to electromagr.letic fields. 

Key words:communication equipment; field strength; sirens; su~eptibility; transmitter. 

1. INTRODUCTION 

Law enforcement and other public-safety personnel utilize various types of commu
nications and electronic equipment in the performance of their normal day-to-day activities. 
The communication equipment utilized by law enforcement agencies operate over a broad 
frequency range. Transmitters are used at selected frequencies from about 25 to 900 MHz, 
and mobile transmitters with output powers of 100 Ware commonplace. The use of several 
items of electronic equipment in close proximity to each other may result in degraded 
communication:) system performance as a consequence of electromagnetic interference 
(EMI). Performance is also affected by less identifiable sources of interference, such as 
automotive ignition systems, vehicle warning lights and sirens, and the mobile operating 
environment. . 

Because of concern regarding theeffed of electromagnetic radiation on other equip
ment, a program was undertaken by the Law Enforcement Standards Laboratory (LESL) of 
the National Bureau of Standards (NBS) to develop standards that will minimize degradation 
in communications system performance caused by electromagnetic interferencf; from all 
sources that affect such systems. The first phase of this program, which was undertaken at 
the request of the National Institute of Justice (NIJ), was to study llnd measure the field 
strength levels that are generated by typical mobile and personal. transmitters used by law 
enforcement personnel, either in open space or inside and around a vehicle. The results of 
that WOrk were discussed in NIJ report 200-83 [1] I. The second phase of this program was 
to expand the scope of the measurements to include other interference sources such as 
emergency v~hicle sirens; rotating warning lights and vehicle emissions. Prior to commenc
ing tile second phase effort? a ciecision was made to concentrate on vehicle sirens, their 
potent~lll to interfere with~ypical pOlice communications, and their susceptibility to inter
ference from typical communications equipment (transmitter and associated antenna) likely 
to be opf;rated in and around a law enforcemellt vehicle. This report contai~s the results of 

·.Electromagnetic Fields Division, Cen.\er for Electronics and Electrical Engineering, National Engineering 
Laboratory. . 
I Numbers in brackets refer to refereh.ces.in s.l!ction 4. 
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· susceptibility tests conducted on sirens and their control units to determine possible substan
dard performance. The sirens were mounted on top of a vehicle equipped with roof-mounted 
antennas using a transmitter inside the vehicle. The siren control units were also subjected 
to various levels of field strength inside a TEM cell or an anechoic chamber. 

Several years ago LESL conducted a research program to develop standards for vehicle 
emergency warning devices, including sirens and warning lights. Previous NIJ reports [2,3] 
and r-ms special publications [4,5] addressed the subject of sirens and warning light systems 
in an attempt to identify and quantify the physical parameters of these devices and their 
effectiveness in enabling police to perform their duties with efficiency and safety. An NIJ 
standard [6] has been developed to establish performance requirements and methods of test 
for electronic and electromechanical sirens used on law enforcement vehicles. 

2. SUSCEPTIBILITY TESTS 

2.1 Energy Sour~es and Instrumentation 

Five electronic sirens, consisting primarily ofa signal generator and a loudspeaker, were 
obtained from different manufacturers and were each mounted, in turn, on top of a 
production American hatchback vehicle (fig. 1) equipped with roof-mounted antennas and 
investigated for their susceptibility to those levels of field strength generated by mobile 
transmitting equipment having output powers up to 100 W. Tests for susceptibility to exter
nal radiated electromagnetic fields were conducted at frequencies of 40.27, 162.475,416.975, 
and 823 'MHz using mobile transmitting equipment having output power levels of 80, 100, 
100, and 40 W, respectively. Figure 2 shows the four transmitters mounted on a rack in the 
back of the vehicle. The interconnecting coaxial cables used with the antennas and the 
transmitters were routed beneath the headliner and as close as possible to the vehicle body, 
which was metallic. No tests were made on.a vehicle having other than a metallic roof. The 
control units for the sirens were mounted underneath the right-hand dashboard near the floor 
(fig. 3). The tests were conducted in a remote wooded area where the audible output of the 
sirens would n.ot disturb other personnel. 

., .... . 
.. .... ' 

~I~ "01' ,r 
". :...~', ~ 

FIGURE 1. Antenna and siren mounted on vehicle roof. 
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FIGURE 2. Transmitters used for the susceptibility tests. 

FIGURE 3. Mount/ng position of control unit for siren. 
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2.2 Measurement Conditions 

Five siren operating modes were used for the susceptibility tes~ .as follows: . 
1. The Manual operational mode of a siren that produces a nsmg frequency (PItch) 

until either the apex is reached or the control is released. The o~erator can pro.duce 
a wailing sound in this mode of operation by alternately closmg and releasmg a 
momentary contact switch. .. 

2. The High-Low operational mode of a siren that produces a pattern o.f altern( /atm)g 
high and low tones at nominal cycling rates of 40 to 60 cycles per mmute c m . 

3. The Wail operational mode of a siren that produces ~ tonal p~ttern of shlOW, auto
matic increases and decreases in frequency at a nommal cyclmg rate t at ranges 
from 15 to 30 c/m. . 

4. The Yelp operational mode of a siren that produces .a tonal ~attern of fralP610d, au
2
t
4
0
0
-

matic increases and decreases in frequency at a nommal cychng rate 0 to 

c/m. h . 
5. The Public Address operational mode of a siren that automatically mutes t e men 

when the mobile radio is being used. . 
Each siren was mounted, in turn, on top of the vehicle approxinlately 30 cm (12 ~) 

forward of the roof-mounted transmitter antenna. At each of the four designated frequen~les 
and output power levels of the mobile transmitting equipment, tests ~ere condu~te~ usmg 
each of the five siren operating modes. This was done by an operator either s~eaking mto or 
keying the microphone of the mobile radio system inside the vehicle (~g. 4). Simultaneously, 
the operator and one other party listened to the audible ~utput of th~ srren and speaker of the 
mobile radio system while switching through the five siren operatl~g ~odes. Any changes 
in the audible characteristics of the siren in the different modes or nOlses m the speaker of the 
mobile radio system were easily heard and distinguished by both parties. 

FIGURE 4. Dperator speakmg into the mobile radio system micropho/le. 

4 

r 

I. . 

The siren control units were also tested inside a TEM cell [7] or an anechoic chamber 
[8] by subjecting·the units to varying levels of electric field strength. The TEM cell was used 
to test the siren control units in the 25-50 MHz and the 150-174 MHz frequency bands while 
the anechoic chamber was used for the 400-512 MHz and the 806-866 MHz frequency bands. 
The siren control units were each placed, in turn, !nside the TEM cell or anechoic chamber 
and operated over the above frequency bands while varying the levels of electric field 
strength from approximately 0 up to 150 V 1m. Concurrently, an operator listened to the 
audible output from the siren while switching through the five siren operating modes. 

3. MEASUREMENT RESUL TS2 

Table 1 shows the type of susceptiblity of each of the five sirens to interference from the 
transmitter and associated antennas at frequencies of 40.27, 162.475,416.975, and 823 MHz, 
as determined by the two listenc.vs, with transmitter output power levels of 80, 100, 100, and 
40 W, respectively. Although identified only by number, the sirens tested were typical of 
those used by the law enforcement community. 

TABLE 1. Siren susceptibility test reslllt.~ at selected frequencies. 

Frequency--~JIz 

Siren 40.27 162.475 416.975 

• • B 
2 • A B 
3 • • • 
4 • A • 
5 • A • 

• - No effect. 
A - In the public address operational mode, engine ignition and alternator noise were heard on the mob:le radio speaker. 
B - In the wail operational mode, there was a slight tonal variation. 

823 

• 
• 
• 
• 
• 

In addition to the caveat in footnote 2, it should be noted that the table 1 results apply 
only to the actual measurement conditions and the type of vehicle used. For example, as 
noted in section 2.1, the test automobile is a hatchback type; the same transmitters mounted 
in a different type of vehicle with the same antennas and sirens mounted on the roof may 
produce different results. 

For these particular tests, the siren/control unit systems operating in two of the fre
quency bands, i.e., 150-174 MHz and 400-512 MHz, appeared to be more susceptible to EMI, 
with vehicle noise predominating at 162.475 MHz and a tonal variation at 416.975 MHz. The 
peak sound level of the siren output also varied at the time of tonal variation, but there was 
no correlation between these results, i.e., degraded output did not vary consistently with the 
variation in tone. There appears to be no ready explanation as to why the tonal quality varied 
slightly on two of the sirens in the wail operational mode but not in the other operational 
mode. Moreover, there is no rationale for the fact that engine ignition and alternator noise 
could be heard on the mobile radio speaker during operation of three of the sirens. Some 
improvement was noted when a by-pass capacitor was placed on the speaker lines to the siren 
and the power supply leads to the siren control unit. A quick visual inspection showed that 
some of the siren control units were not as well shielded as the others, which could account 
for part of the noise problem. 

When the siren control units were subjected to various levels of field strength inside the 
TEM cell or the anechoic chamber, there was no noticeable susceptibility of any control 
units to levels of field strength below about 65 V /m at any frequency band. This is a more 
severe operating environment than that normally encountered inside a vehicle as reported in 
[1]. For example, the electric field strength levels between the dashboard and the floor area 

2 These results are intended to be indicative, 1I0t definitive. Therefore, statistical estimates of measurement uncer
tainties and details of the measurement configurations are not provided. 
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where the siren control units were mounted varied between 34-37 V 1m at 40.27 MHz, 17-45 
V 1m at 162.475 MHz, 10-20 Vim at 416.975 MHz, and 7-15 V 1m at 823 MHz during the 
testing chronicled in [11. This leads to the conclusion that the variation in siren output was 
not due primarily to the susceptibility of the control unit. 
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