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ABOUT THE TECHNOLOGY ASSESSMENT PROGRAM

The Technology Assessment Program is sponsored by the Office of Development, Testing, and Dissem-
ination of the National Institute of Justice (INI1J), U.S. Department of Justice. The program responds to the
mandate of the Justice System Improvement Act of 1979, which created NIJ and directed it to encourage
research and development to improve the criminal justice system and to disseminate the results to Federal,
State, and local agencies.

The Technology Assessment Program is an applied research effort that determines the technological needs
of justice system agencies, sets minimum performance standards for specific devices, tests commercially
available equipment against those standards, and disseminates the standards and the test results to criminal
justice agencies nationwide and internationally.

The program operates through:

The Technology Assessment Program Advisory Council (TAPAC) consisting of nationally recognized crim-
inal justice practitioners from Federal, State, and local agencies, which assesses technological needs and sets
priorities for research programs and items to be evaluated and tested. '

The Law Enforcement Standards Laboratory (LESL) at the National Bureau of Standards, which develops
voluntary national performance standards for compliance testing to ensure that individual items of equipment
are suitable for use by criminal justice agencies. The standards are based upon laboratory testing and evaluation
of representative samples of each item of equipment to determine the key attributes, develop test methods, and
establish minimum performance requirements for each essential attribute, In addition to the highly technical
standards, LESL also produces user guides that explain in nontechnical terms the capabilities of available
equipment. S

The Technology Assessment Program Information Center (TAPIC) operated by a grantee, which supervises
a national compliance testing program conducted by independent agencies. The standards developed by LESL
serve as performance benchmarks against which commercial equipment is measured. The facilities, personnel,
and testing capabilities of the independent laboratories are evaluated by LESL prior to testing each item of
equipment, and LESL helps the Information Center staff review and analyze data. Test results are published
in Consumer Product Reports designed to help justice system procurement officials make informed purchasing
decisions.

Publications issued by the National Institute of Justice, including those of the Technology Assessment
Program, are available from the National Criminal Justice Reference Service (NCJRS), which serves as a
central information and reference source for the Nation’s criminal justice community. For further information,
or to register with NCJRS, write to the National Institute of Justice, National Criminal Justice Reference
Service, Washington, DC 20531.
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FOREWORD

The Law Enforcement Standards Laboratory (ILESL) of the National Bureau of Stan-
dards (NBS) furnishes technical support to the National Institute of Justice (N1J) 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 of NIJ. 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.

Lester D. Shubin
Program Manager for Standards
National Institute of Justice
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MEASURED VEHICULAR ANTENNA
PERFORMANCE

Ramon L. Jesch*

National Bureau of Standards, Boulder, CO 80303

Power gain radiation patterns of mobile antennas mounted in six different locations on a test
vehicle were measured with and without typical lights and sirens mounted on the roof. The
measurements were performed at frequencies representing the frequency bands of 25 to 50, 150 to
174, 400 to 512, and 806 to 866 MHz. In addition, the radiation patterns of three disguised antennas
operating at discrete frequencies of 40.27, 162.475, and 416.975 MHz and one slot antenna oper-
ating at 413 MHz were also measured. Plots of power gain radiation patterns are given for the
mobile antennas mounted in six different locations on the test vehicle, for the other four antennas,
and to show the effects of improper grounding of the trunk lid and of the lights and siren.
Recommendeéd antenna mounting locations are given for specific frequency bands and an appendix

of power gain measurement data is included.

Key wordé: antenna measurements; disguise antenna; gain; mobile antenna; mounting location;

power gain; radiation pattern,

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.
Every patrol car has a-minimum of one mobile transceiver installed; often there is more than
one unit in the vehicle. Moreover, law enforcement officials are concerned about effective
and reliable communications and maximum radio coverage to facilitate daily operations.
Attainment of these goals results in more efficient use of manpower and equipment and
promotes officer safety. One facet of effective and reliable communications is the correct
positioning of the patrol car transceiver antenna. Positioning the antenna on the center of the
car roof [1,2]' ensures good radio transmission and reception in all directions and provides
some protection against vandalism for unattended cars. Unfortunately, this location is also
desirable for the patrol car lights and siren. Placing the lights and siren near the antenna
should degrade radio transmission and reception; so should positioning the antenna on the

- car trunk or fender.

To determine the extent of this degradation, a program was undertaken by the National
Bureau of Standards (NBS) Law Enforcement Standards Laboratory (LESL) to conduct
tests with the antenna mounted in various locations on a vehicle, with and without typical
lights and sirens mounted on the roof. Power gain radiation patterns [3,4] of the antenna were
measured at frequencies representmg the frequency bands of 25 to 50, 150 to 174, 400 to 512,

and 806 to 866 MHz.

2. ANTENNAS AND MOUNTING LOCATIONS

Base-loaded mobile antennas that operate in the frequency ranges of 36 to 42, 132 to
174, and 450 to 470 MHz, plus a mobile gain antenna that operates in the 806 to 866 MHz
range, all of which are typical of those used by law enforcement agencies, were obtained for
the power gain radiation pattern measurements. The antenna whips were cut to operate at

‘Electromagnetlc Fields Dwnsxon, Center for Elevtronics and Elecmcal Engineering, National Engineering

: Labomtory
! Numbers in brackets refer 1o references in sectlon 6.
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discrete frequencies of 40, 150, 460, and 840 MHz, respectively. In addition, three disguised
antennas operating at discrete frequencies of 40.27, 162.475, and 416.975 MHz plus one slot
antenna operating at 413 MHz were also obtained.

Six mounting locations were chosén to mount the mobile antennas on the test vehicle as

shown in figure 1; three locations on the roof, two locatioris_ on the trunk and one lqcation
o the right-front fender. The test vehicle was a 1976 four-door sedan whose silhouette plus
the roof and trunk area compare quite favorably with the late model vehicles used by law

enforcement agencies. The vehicle dimensions and mounting locations are shown in figure
2.

Lights and Siren

Roof

Covert Antenna

FIGUE 1, Vehicle antenna locations.’

O S

Front Fender #6

RS,

SR

: 110 cm
) (43.31n)"
3 + ) )
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(19.3 in) ™ [
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(11.4 in)y™™ -
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™ 7
’ 130 cm
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(67.0 in.)
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{165 1t)

FIGURE 2. . Vehicle dimensions and mounting locations.
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MEASUREMENT APPROACH . ‘ - antenna was obtained from the known electric field together with the rf power level received

3.1 Measurement System at the mobile antenna. The gain is given by the following equation [5]:

Figure 3 sh i : . . . : /4 _
onat ugn tabl § tozs a block diagram of the test configuration with the test vehicle located G=10 logy, [w, %ﬁz (-4-{"2-—)] (D).
g able at the test range vyhere the power gain radiation patterns were measured. A - ; : :

alfwave dlpolfe, vertically-polarized antenna was substituted for the Io iodi ’ h
measurements in the 25-50 M g periodic antenna for ; where
the turntable and soe;n _b Hz frequf:ncy band. The test equipment, some located under : G =gain in decibels, «
erform vari al ¢ above grou_nd:, Is alsp shown. Computer software was developed to - W,=power in watts received at the input to the test antenna as measured by the
End ° ectl-arlous c1 culations and mampulaﬁlons of measurement data from the shaft encoder spectrum analyzer,
pectrum analyzer and to plot polar displays of the antenna radiation patterns. —\/Bs (characteristic i o dance of free space) ~ 120 7 ohms
Ny —Veo (¢ e imp pace) = 12 s
[RECEIVE TRANSMIT R E =electric field in volts per meter at the test antenna, and
| A =the test frequency wavelength in meters.

This procediire enables absolute power gain measurements to be obtained for each of the
mobile antennas at zach of the frequencies of interest and thereby allows antenna per-
formance to be accurately compared from one antenna and location to another.

Log Periodic Antenna
(80-1050 MHz) .
Vertically Folarized \

Ll Aall - <8
o) WESRY 1.42mf

= ‘ @.78)

Turntable ; -
, e 46m J: 488 m ' |
(5 1) J (1600 iy {

————— —— e ) Directional

Angular” - e e " Coupler - .
Transducer _> ) N
| |  Spectrum
1 - Anatyzer Clock
- Digital Shaft _\I
Position Encoder : PR IEEE-488

1
4
|
|
|
|
BCD - Desktop . |
|
|
I
I
]
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3.3 Power Gain Radiation Patterns

Power gain radiation patterns were plotted for the mobile antennas operating at discrete
frequencies of 40, 150, 460 and 840 MHz and in all six positions (fig. 1) following the same

" test procedure described in section 3.2, with and without lights and siren mounted on the test
vehicle. The antenna being used was positioned directly over the center-point of the turn-
table for each antenna location measured. By rotating the turntable, the radiation pattern
representing the power gain at each rotation point in the azimuth plane was plotted on a polar
display as a function of angular rotation and gain for each test configuration. For each
P : measurement run, approximately 300 to 400 data points were recorded for one complete
Filter revolution. These points were used to plot the radiation pattern, and the maximum and
minimum power gain for each antenna in 15° intervals is tabulated in appendix A. In addition,

three disguised antennas operating at discrete frequencies of 40.27, 162.475, and 416.975 MHz
were measured in one location on the right-front fender, i.e., the location where a regular
AM radio antenna is normally mounted. Again, the power gain was measured and the
radiation pattern was plotted with and without the lights and siren. Finally, one other
antenna, a disguised 413 MHz slot antenna used in covert operations, was mounted in the
trunk (fig. 1) using the oval aperture normally used for a broadcast radio rear speaker. Once
more, the power gain was measured and the radiation pattern was plotted with and without

the lights and siren.

Power
Meter

Computer
i

Flexible )
Disc Drive

Plotter Printer

Frequency

Synthesizer Coaxial Cabie RF Power

Amplifier

UNDERGROUND INSTRUMENTATION ]
ROOM

FIGURE 3. Block diagram of measurement systemn.

4. MEASUREMENT RESULTS

Figures 4-31 show plots of power gain radiation patterns as a function of the azimuth
angle for each antenna measured at a designated frequency and mounting location; 0° is the
. front of the vehicle, 90° the right side, and 180° the rear. All radiation patterns are scaled to
indicate gain and all measurements were taken with and without the lights and siren moun-
ted. Except as noted, all power gain radiation patterns are plotted from data obtained when
the lights and siren were mounted on the test vehicle. . :
The measurement uncertainty for the power gain measurements on the antennas was
. estimated to be =1 dB. All measurement data were corrected for cable and coupler losses
plus the calibration factors for the spectrum analyzer and the power meter. The measurement
data presented in this report will be useful, for example, to the communications system design
engineer. In cases where such technical advice is not available, the reader is advised that
small variations of approximately =1 dB may not have an adverse effect on the transmission
and reception of signals from a vehicle operating in a good reception area.

3.2 Power Gain of the Mobile Antenna

A ) ’

:1; ;1;3 rs;r:&iuz;ght 3\a)vai ltocatfiald ?‘pprOXMately 53.4 m (175 ft) away from the center-point of
(Hg. 3). At each of the above frequencies, the power level at the tra itti
) £ : ] A ] L the transmittin
::tefln’azl (zpprox 3 W)» was recorded along with the spectral amplitude of the rf signal levegl
| fo::;lved. ylthe spectrum. analyzer from the calibrated dipoles. Using the calibration curves
Py ed.lpo es, the _ele,ctr.xc field present at the test antenna location on the turntable at each
3ehic?e m?trlcletctahfrequ;r:lmes was calculated from this information, Bv substitutihg the test’
wi e mobile antenna in place of the calibrated di on ;
cle { ce of tl ed dipole on the turntabl
duphcagmg the power leyels at the transmitting antenna, the power gain of the nfolg;tillg

4
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4.1 840 MHz Mobile Antenna

Figures 4, 5, and 6 show plots of power gain radiation patterns of the 840 MHz mobile
gain antenna measured at roof locations 1, 2, and 3, respectively, with and without the lights
and siren mounted. Figure 4 shows very clearly that placing the antenna near the lights and
siren at location 1 distorts the radiation pattern. The gain of the antenna at this location, with
the lights and siren mounted, varied from 7.1 to —4.4 dB while the gain of the antenna
without the lights and siren mounted offered a more omnidirectional radiation pattern that
varied from 4.8 to 2.7 dB. The radiation patterns measured in locations 2 and 3 are less
affected by the lights and siren as shown in figures 5 and 6, respectively. Figure 7 compares
plots of the radiation patterns that were measured at locations 1, 2, and 3, respectively, with
the lights and siren mounted. It is apparent that location 2 offers the best choice for this
antenna on the roof at 840 MHz with lights and siren mounted. Even in this location, there
still appears to be about a 2.5 dB transmission loss directly behind the lights and siren when
compared with the measurements macde without the lights and siren mounted. ‘

840 MHz Roof #1  With---- Without——

POWER GAIN (dB)

[=1=34

FIGURE 4. Ppwer gain radiation patterns of the 840 MHz mobile antenna measured at roof location 1 with and without
lights and siren mounted, = : C

7 1.1'&’7’“‘1?riﬂvmw*~ﬁ:ﬂ:r':*t{:f;ﬁ.}-«}wmw;;ms et

840 MHz Roof #2 With---- Without—

i, T TR

POWER -GAIN (B

ST BT s L

278

FIGURE 5. Power gain radiation
lights and siren mounted..

840 MHz Roof #3  WIith---- Without—

POWER GAIN (dB)

patterns of the 840 MHz mobile antenna meastred.at roof location 2 with and

278

“FIGURE 6. Po
lights and siren mounted.
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wér gain radiation patterns of the 840 MHz mobile antenna measured at
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840 MHz Roof #1—— Roof #2---- Roof #3++ -+

PONER GAIN (B>

27a8

FiGURE 7. Comparison of the power gaini radiation pattern
1, 2, and 3 with lights and siren mounted,

s of the 840 MHz mobile dntegma measured at roof locations

B U Y

Figures 8, 9, and 10 show plots of the radiation patterns of the 840 MHz antenna
measured at locations 4, 5, and 6, respectively, with and without the lights and siren mounted.
At these locations, the plots clearly show pattern distortion and several deep nulls. At
lIocation 4, the gain varied from 3.0 to —11.4 dB, while at location 5 the gain varied from 2.0
dB to a particularly deep null of —49.0 dB and, at Iocation .6, the gain varied from 3.7 to
—10.4 dB, all with the lights and siren mounted.

840 MHz Trunk #4 - With---- Without—

POWER GAIN (dB)

279

8t

FIGURE 8. Power gain radiation patterns of the 840 MHz mobile antenna measured at trunk location 4 with and
without lights and siren. mounted. :
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. s MHz Trunk #5 = With---- Without—

W . .. POMER GAIN (dBy

27a

FIGURE 9. Power gain radiation patterns of the 840 MHz mobile antenna measured at trunk location 5 with and
without lights and siren mounted.

840 MHz Front Fender #6 Wlth---- Without—

«

POWER GAIN (dB)~

270

2871

FIGURE 10 Powergam radiation patterns of the 840 MHz mobile antenna measund at right- from ' fender locauon 6 with
and without lights and siren mounied.
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4.2 460 MHz Moblle Antenna

Figures 11, 12, and 13 show plots of radiation patterns of the 460 MHz base-loaded
mobile antenna measured at locations 1, 2, and 3, respectively, with and without the lights
and siren mounted. In this frequency band, there is less distortion of the radiation pattern due
to the lights and siren. Figure 14 compares plots of the radiation patterns that were measured
at locations 1, 2, and 3, respectively, with the lights and siren mounted. Again, it appears
that locat:on 2 offers the best choice for locating this antenna oa. the roof at 460 MHz with_
lights and siren mounted. The gain at this location varied between 6.8 and 3.9 dB.

]

460-MHz Roof #1  With---- Without—

POWER GAIN (dB)

2ert

FIGURE 11,  Power gain radiaticii patterns of the 460 MHz mobile antenna measured at rooflocation 1 with and without
"~ lights and siren mounted.
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460 MHz Roof #2  With---- Without—

POWER GAIN (dB)

27a

FIGURE 12. ' Power gain radiation patterns of the 460 MHz riobile antenna measured at roof location 2 with and without
lights and siren mounted. ’ : . ‘

i

460 MHz Roof #3  With.--- Without——

POWER GAIN (dB)

27a

a8t

FIGURE 13, Power gain radiation patterns of the 460 MHz mobile antenna measured at roof location 3 with and withoy‘u’;
lights.and siren: mounted. B :

2

FIGURE 14.

Ay

Comparison of the power gain radiation patterns of the 460 MHz

460 MHz Roof #1—- Roof #2---- Roof #3* - *

POWER GAIN (dB)

270

=224

1, 2, and 3 with lights and siren mounted,

13

mobile antenna measured at roof lecatiois
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s . ) .. ‘ 460 MHz Trunk #5  With---: Without—-
¢ Figures 15, 16, and 17 show plots of the radiation patterns of the 460 MHz antenna ) :
L v measured at locations 4, 5, and 6, respectively, with and without the lights and siren mounted. POWER GAIN (B>
i : The pattern distortion is less at these locations than for the same locations at 840 MHz. At ‘

‘location 4, the gain varied from 5.2 to —2.7 dB, while at location 5 the gain varied from 4.7
f to —2.0dB, and at location 6 the gain varied from 5.7 to —3.0 dB, all with the lights and siren
g mounted. T

460 MHz Trunk #4  With---«Without—-

278

PONER GAIN ¢dB)

e
g I S S e < i s e s, s 7 T

28t
r FIGURE 16. Power gain radiation patterns of the 460 MHz mobile anteana measured at trunk location 5 with and
P 8 without lights and siren mounted. :
u
¢ 460 MHz fFront Fender #6 = With---- Without—
fe
\ POWER GAIN (dB)
o
!
4
: : ‘ 281
FIGURE 15. Power gain radiation patterns of the 460 MHz mobile antenna measured at trunk location 4 with and
; . without lights and siren mounted.
L
£t ('G ;
§
¢
R |
i
: gat
I :FIGURE 17. - Power gain radiation Dpatterns of the 460 MHz mobile antenna measured at right-front fender location 6 with
¥ ‘ and without lights and siren mounted. S ;
e} : - :
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4.3 150 MHz Mobile Antenna

Figure 18 shows plots of radiation patterns of the 150 MHz base-loaded mobile antenna
measured at location 1 with and without the lights and siren mounted. At this location, there
is very little distortion of the radiation pattern due to the lights and siren. This implies that
similar patterns for locations 2 and 3 need not be measured. Figure 19 contains the same
information which compares plots of the radiation patterns that were, measured at locations
1, 2, and 3 with lights and siren mounted. Since there is little distortion of the radiation
pattern due to the Jights and siren, location 1 appears to offer a slightly better choice than
location 2 for this antenna at 150 MHz with lights and siren mounted. The gain at location
1 varied between 0.5 and —1.6 dB. .

Figure 20 compares the plots of the radiation patterns of the 150 MHz antenna that were
measured at locations 4 and 5§ with the lights and siren mounted. For location 4, the gain
varied between 0.1 and —2.2 dB, thereby offering a good alternate location for mounting an
antenna. Figure 21 shows plots of the power gain radiation patterns of the 150 MHz antenna
that were measured at location 6 with and without the lights and siren mounted. Both plots
are given since, at this location, the radiztion pattern was more distorted due to the effect of
the lights and siren. ‘ ’ ’

150 MHz Roof #1. -With--<- Without—

POWER GAIN (dB>

272

et .

FiGURE 18. Power gain radiation patterns of the 1 50 MHz mobile antenina measuredrar roof location 1 with and without
lights and siren mounted.
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150 MHz Roof #1— Roof #2---- Roof #3~ .- -

POWER GAIN (dB)

278

1= 4

FIGURE 19. Comparison of the power gain radiation patterns of the 150 MHz mobile antenna measured at roof locations
1, 2, and 3 with lights and siren mounted.

150 MHz Trunk #4— Trunk #5----
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FIGURE 20. Comparison of the power gain radiation patterns of the 150 MHz mobile antenna.measured at trunk
locations 4.and 5 with lights and siren mounted. '
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40 MHz Roof #1 With---- Without——
150. MH2 Front Ferider #6 ~ With---- Without— -

POWER GAIN (dB)

POMER GAIN ‘<dB)

272

27a

~1:34 : -
‘ FI1GuRE 2. Power gain radiation patterns of the 40 MHz mobile antering measured ai roaf location I with and without
FIGURE 21. " Power gain radiation patterns of the 150 MHz mobile antenna measured at nght ~front fender location 6 with Lo lights and siren mounted.

and without hghts and siren mounted.

40 MHz Roof #1— Roof #2---- Roof #3- -+ -

POWER GAIN. (dB)

4.4 40 MHz Mobile Antenna

Figure 22 shows plots of radiation patterns of the 40 MHz base-loaded mobile antenna
measured at roof location 1 with and without the lights and siren mounted. One cin see that
there is very little distortion of the radiation pattern due to the lights and siren. Figure 23
compares plots of the radiation patterns that were measured at locations 1, 2, and 3 with
lights and siren mounted. Again, location 1 offers the best choice for locating this antenna on
the roof at 40 MHz with lights and siren mounted. The gain at thls location. vaned between
0.2 and —1.8 dB, respectlvely

272

FIGURE 23, Companson of the power gain radiation paiterns of the 40 MHz mobile antenna measured at roof locations
i 1,2, and 3 with lights and siren. mounted, ' : )
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Figure 24 compares the plots of the radiation patterns of the 40 MHz antenna that were
measured at locations 4 and 5 with the lights and siren mounted. The radiation patterns are
similar for both locations but not nearly as omnidirectional as'those at 150 MHz. Figure 25
shows plots of power gain radiation patterns of the 40 MHz antenna that were measured at
location 6 with and without the lights and siren mounted.

4.5 Disguised Antennas

Figures 26, 27, and 28 compare plots of the radiation patterns of three disguised antennas
operating at discrete frequencies of 40.27, 162.475, and 416.975 MHz, respectively, with
base-loaded mobile antenna counterparts operating at 40, 150, and 460 MHz, respectively.
Measurements were taken at location 6 with and without lights and siren mounted, but plots
are shown only without the lights and siren mounted. This location is of particular interest
to those responsible for providing communications equipment for undercover vehicles.

40 MHz Trunk #4— Trunk #5---

POWER GAIN (dB)

27a

TF

;
45,
|
;
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FIGURE 24. Comparison of the power gain radiation patterns of the 40 MHz mobile antenna measured at trunk locations
4 and 5 with lights and siren mounted, i :
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40 MHz Front Fender #6_ With----Without——-

POWER GAIN. (B>

270

[-1:34

FIGURE 25. Power gain radiation patterns of the 40 MHz mobile antenna measured at right-front fender location 6 with
and without lights and siren mounted,

Disguised 40.27 MHz— Mobile 40 MHz----

POWER GAIN (dB)

g8t

FIGURE 26. . Comparison of the power gain radiation patterns of the 40.27 MHz disguised antenna and the 40 MHz

antenna both medsured at right-front fender location 6 without lights and siren ounted,
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Disguised 162.475 MHz— Mobile 150 MHz-<--

POWER GAIN (dB)

272

o 4

FIGURE 27. Comparison of the power gain radiation patterns.of the 162.475 MHz disguised antenna and the 150 MHz
mobile antenna both measured at right-front fender Iocatiqn 6 without lights and siren mounted.

Disguised 416.975 MHz— Mobile 460 MHz----

FOWER GAIN (dB)

270

gsetr |

{ FiGure 28, Comparison of the power gain radiation patterns of the 416.975 MK disguised antenna and the 460 MHz
: mobile antenna both measured at right-front fender location' 6 without lights and siren mounted.

B
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Figure 29 shows plots of radiation patterns of a 413 MHz slot-type antenna that was
mounted in the trunk using the oval aperture normally used for a broadcast radio rear speaker
(fig. 1). Radiation pattern measurements of this antenna, normally used in covert operations,
were taken with and without lights and siren mounted. The antenna exhibited an interesting
radiation pattern that indicates a fairly good reception area in the rear of the vehicle, The two
deep symmetrical nulls are characteristic of slot antennas.

413 MHz Slot Antenna ~ With---- Without—

POWER GAIN . (dB)

278

RBT

FIGURE 29. Power gain radiation patterns of the 413 MHz slot antenna measured at the rear-speaker oval aperture with
and without lights and siren mounted. i
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4.6 Grounding Characteristics -

Figure 30 compares plots of the radiation pattems of the 40 MHz antenna measured at
location 4, with and without a proper ground of the trunk lid to the rest of the vehlcle,'w1th
lights and siren mounted. An improved ground connection was made by connectmg several
places on the trunk lid directly to the vehicle body using copper conductmg tape. The sohd
curve in figure 30 is a plot of the radiation pattern of the mobile antenna without a proper
ground connection from the trunk lid to the vehicle body, while the dashed curve is a plot
of the radiation pattern with a proper ground. The power gain difference between the two
plots varied from 3 dB to about 13 dB. Plots taken at tocation 5 also exhibited similar
grounding characteristics. All previous data given for locations 4 and 5 were taken with the
vehicle properly grounded.

40 MHz Trunk #4 Good Grd----Poor Grd——

POWER GAIN (dB>

FiGURE 30.  Comparison of the power gain radiation patterns of the 40 MHz mobile antenna measured at trunk location
4 with and without a proper ground connection of the trunk {id with lights and siren mounted.

Figure 31 compares plots of the radiation patterns of the 40 MHz antenna measured at
location 2 with and without a proper ground connection of the lights and siren to the vehicle.
The solid curve in figure 31 is a plot of the radiation pattern of the mobile antenna when the
lights and siren were not properly grounded to the roof of the vehicle, while the dashed
curve is a plot of the radiation pattern with the lights and siren properly grounded. The plots
show a degradation of almost 2 dB when the lights and siren were not properly grounded to
the vehicle. Again, the data given prev1ously were measured w1th the lights and siren
properly grounded.

40 MHz Roof #2  Good Grd---- Poor Grd-—

POWER GAIN (dB)

272

FIGURE 31. Comparison of the powér gain radiation patterns of the 40 MHz mobile antenna measured at roof location
2 with and without a proper ground connection of the lights and siren to the vehicle.
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5. SUMMARY AND CONCLUSIONS

Plots of power gain radiation patterns were obtained for specific mobile and disguised
antenras at different frequencies and vehicle locations which allowed antenna performance
to be accurately compared between antennas and vehicle locations. The measurements were
performed at six different locations on a 1976-four-door sedan, with and without typical
lights and siren mounted on the roof. Note, if the same antennas wege measured at similar
locations on a smaller compact vehicle, the radiation patterns may not have been quite as

-uniform because of the smaller ground plane [2]. Even though other types of mobile antennas
may give some differences in radiation pattern and gain, the roof location gives the most

. nearly omnidirectional coverage since the vehicle roof provides a more uniform and sym-

metrical ground plane.

Of the three roof locations, the best choice for mounting the mobile antennas used at 840
and 460 MHz was location 2 (figs. 7 and 14) while the best choice for mounting the mobile
antennas used at 150 and 40 MHz was location 1 (figs. 19 and 23). In both situations the
second choice, location 1 at the higher two frequencies and location 2 at the lower two
frequencies, is not significantly different from the primary choice and should be,used if the
first choice presents a difficult mounting problem. At the two lower frequencies (40.and 150
MHz), there was little distortion of the radiation pattern due to the lights and siren.

Among the nonroof locations, the best choice for mounting the mobile antennas was
trunk location 4. At the higher frequencies of 840 and 460 MHz, there was distortion of the
radiation pattern toward the front of the vehicle (figs. 8 and 15) while at 150 and 40 MHz the
radiation pattern was more nearly omnidirectional. Also, at 150 MHz, location 4 provides a

“good alternate location to the roof location.

The least recommended choice for mounting the mobile antennas is location 6 on the
right front fender, where the data exhibited more pattern distortion thar: it lid at the other
locations. However, this is an ideal location for mounting disguised aniennas used in under-
cover vehicles to aid law enforcement personnel on surveillance.

In summary, the location of the antenna on the vehicle is critical to antenna per-
formance. Further, the lights and sirens near the roof-mounted antenna degraded antenna
performance significantly for the higher frequency antennas but to a lesser degree for the
lower frequency antennas. Pattern distortion due to positioning the antenna on the car trunk
or fender can be readily determined from these power gain measurements. While proper
grounding of the lights and siren plus providing an adequate ground plane on the trunk lid

for the antennas was critical at 40 MHz, it appeared to have little effect at 150 MHz and none
at all above 400 MHz.
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APPENDIX A—TABULAR POWER GAIN DATA

As noted in the body of this report, the antenna power gain measurements were obtained
using a calibrated system that automatically plotted the antenna pattern as the vehicle was
rotated 360° in the horizontal plane. While the pattern was being plotted, a separate data
recorder was used to collect power gain data in azimuth increments of approximately 1°.

Tables 1 through 6 present the maximum and minimum power gain of each antenna
recorded in 15° azimuth intervals for each of six antenna locations. The data for antennas
operatirig at 840 and 460 MHz are presented for the antenna alone, and with the lights and
siren installed on the vehicle. The 150 and 40 MHz antenna power gain data are presented
for measurements taken with the lights and siren installed because the data for the antenna
alone are not significant. '

Table 7 provides a comparison of the power gain of mobile and disguised antennas
mounted on the right front fender, as well as the power gain of a 416.975 MHz slot antenna
mounted in the vehicle trunk using the rear speaker opening as the antenna aperture.

Tables 8 and 9 present power gain measurement data for 40 MUz antennas showing the
effects of improper trunk lid grounding and improper grounding of the lights and siren when
the antenna is roof mounted.

TaABLE 1. Power gain of 840 MHz mobile antenna.

Roof, Roof, Roaf; Trunk, Trunk, Fender,
Azimuth Location 1 Location 2 Location 3 Location 4 Location 5 Location 6
interval Gain (dB) Gain (dB) Gain (dB) Gain (dB) Gain (d?) Gain (dl?)
(degrees) Max/Min Max/Min Max/Min Max/Min Max/Min Max/Min
1-15 4.1/2.8 3.372.7 2.2/72.1 —0.3/~7.9 ~2.4/—8.4 3.6/1.1
16-30 34727 3.1/2.7 217722 —59/—8.8 . 09/-5.0 3.6/2.2
31-45 3.6/3.2 3.2/3.0 2.7/2.3 —3.0/—5.3 0.97-2.1 2.6/0.5
46-60 3.8/3.2 34729 3.0/24 —1.5/-6.6 0.9/— 1.1 2.2/1.1
61-75 3.8/34 3.4/2.9 3.6/3.1 '0.9/—1.6 0.5/—1.1 2.3/1.2
76-90 3.7/34 3.7/3.1 3.7/2.8 2.3/0.2 0.6/—0.4 2.0/0.5
91-105 3.7/32 3.7/3.3 42/34 2.2/—-09 1.5/—0.8 1.9/0.0
106-120 42/3.7 4.0/3.7 4.0/3.6 . L4/-0.1 0.6/—1.5 1.7/0.9
121-135 4.173.9 3.8/3.6 3.7/3.3 2.1/-0.6 0.8/0.2 3.3/0.6
136-150 3.9/3.4 3.9/2.7 3.8/72.9 1.8/0.3 1.2/0.3 2.7/-0.2
151-165 3.7/34 3.9/2.8 3.8/2.9 0.6/—0.8 1.7/0.1 1.0/—4.8
166-180 4.7/3.7 3.9/2.9 3.8/1.0 0.2/-0.7 1.3/04 ~4.8/-9.3
181=195 4.8/3.6 4.0/2.8 3.8/1.0 -0.1/—1.0 1.6/0.3 —6.7/—9.5
196-210 3.8/3.5 4.0/3.3 3.8/2.8 1.4/-0.1 0.8/-0.7 -~9.7/—115
211-225 4.0/3.3 3.8/3.1 3.0/2.8 1.4/0.1 —04/-1.5 -3.8/—88
226-240 4.4/4.1 4.2/3.5 3.6/2.5 0.9/—1.0 0.8/~-2.1 -1.1/-3.6
241-255 4.4/3.8 4.3/3.8 3.9/3.5 1.1/-0.2 1.1/-1.0 1.2/-42
256-270 3.8/34 4.2/3.5 4.3/3.2 . 2.7/—0.3 0.4/—0.5 0.8/—13
271-285 4.0/3.7 3.9/3.5 4.0/2.9 27/—21 . - . 19/=08 - - 22/-05"
286-300 3.6/3.5 3.8/3.2 3.7/34 1.1/—70 - —0.1/~58 - 2.4/04
301-315 3,6/3.0 3.4/2.6 3.6/24 - =2.0/—4.3 —-0.9/—64, - 3.1/0.2
316-330 3.6/34 3.0/2.7 2.8/2.4 -3.4/-99 —~33/—44 . 1.8/=2.9
331-345 3.4/3.2 3.0/2.6 2.9/2.7 —-2.6/—8.1 —3.5/-9.8 1.5/—0.8
346~360 4.0/3.3 3.4/3.0 2.8/2.3 -1.3/-30 —1.2/-108 - 3.0/—-0.8
27
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) . TABLE 4. ~ Power gain of 460 MHz mobile antenna with lights/siren installed on vehicle.
TABLE 2. Power gain of 840 MHz mobile antenna with lights/siren installed on vehicle. -
Roof, " Roof, Roof, Trunk, Trunk, Fender,
i Rao_f," Roof, Roaf, Trunk, Trunk, Fender, Azimuth Location 1 Location 2 Location 3 Location 4 Location 5., - Location 6
- zimuth LOL:GIIOM 1 Location 2 Location 3 Location 4 Location § Location 6 interval Gain (dB) Gain (dB) Gain (dB) Gain (dB) ~ Gain (dB) Gain(dB)
’(Z:‘;’r”"a’g ) A‘i’”"ﬂ(“f) Gain (dB) ~ Guin (dB)  Gain \dB) Gain (dB)  Gain (dB) (degrees)  Max/Min  Max/Min  Max/Min  Max/Min Max/Min  Max/Min
€ ax/Min Max/Min Max/Mi, : . " ;
- , - Max/Min ___ Max/Min Max/Min 1-15 6.0/5.8 6.2/6.0 5.2/4.7 1.9/1.0 1.1/—2.0 4.7/42
- 1.6/-3.7 1.0/—0.2 1.7/-0.5 —2.0/-98 —3.0/-89 3.4/0.5 16-30 5.8/5.0 5.9/4.8 5.2/4.6 2.0/-2.0 14/-18 4.6/4.3
3 js —01. 13//6;_'4 ;2!.0/—0.4 1.9/1.3 ~6.2/—114 03/—47.  34/19 31-45 5.0/4.4 4.7/39 4,5/3.9 2.9/—-2.7 3.3/-02 4.3/3.6
560 2212 asns sone  auTi W27 ads 675 A1 sl cuse  sena s aams
61-75 20711 L/ L —2.1/-5.8 1.6/=2.0 2.0/1.1 - 3.4/3. .1/5. .3/5. .0/1. 2/2. .2/2.
s 20711 3.3/1.8 5.1/2.0 0.3/—14 14/—07 - 2.5/1.3 76-90 6.1/5.4 6.3/5.7 6.1/5.2 4.0/2:0 2.4/1.9 4.1/3.4
: 6/1L5 47735 5.1/2.4 2.7/-0.4 1.2/~1.6 0/0,
. . 2/, 2.0/0.3 L
91105 _ / 91-105 6.7/6.2 6.275.5 5.2/4.9 4.6/3.7 3.1/24 3.47/2.8
106—10: 4.9/2.7 4.4/2.5 5.3/2.6 2.4/—1.1 2.0/—1.2 1.7/0.3 106-120 6.6/6.4 5.4/5.0 5.5/5.2 5.0/32 2.1/08 - 3.9/2.3
m-gg ;z;(l);/ 2.3/3.5 4.8/3.4 1.2/—0.1 0.6/~2.1 1.8/1.1 121-135 6.4/6.1 5.6/5.0 54/4.7 4.1/3.1 2.1/1.1 40723
B0 3927 ispr sias ves Vs Ml | ISIAGS  SSAS seka ¢ A4 asm9 s e
151165 6.6/4.1 P73 .3/0.5 1.4/0.2 2.9/-0.38 : - 9/4. .6/6. 773 S5/2. /1 .2/1
el o 3.6/3.4 2.9/0.9 1.4/-0.9 -1.8/—03 1.4/~4.4 ! 166-180 4.7/4.0 6.5/6.0 6.8/5.0 5.2/45 1.6/0.5 0.9/—0.8
' o i34 o2l 0.8/-10 HOAT 45782 | 181-195  4.6/4.0 6.8/6.0 6.8/4.8 4.9/3.4 2.8/0.6 1.0/—0.1
: { gé:;?g ; ;Z ; 2.2/4.8 27/~15 0.5/—0.3 L7/-0.5  —6.5/—10.0 £96-210 5.1/4.7 6.8/6.1 4.6/34 3.4/3.1 2.8/0.5 ~02/—14
? 211223 i 4-2;;.; gggs 1.8/0.4 1.0/—1.0 -79/-104 211-225  65/57 6.0/5.5 4.9/3.5 3.7/3.1 3.7/1.2 —1.4/-3.0
:: 2620 2811 sens e Gyre M2 e Wio%s  6as  sess . sews 4usa  sans 310
; e A 8/72. 3/—1. L1/-27 —21/-55" - .8/6. 873, 5.6/4. -8/2, :2/0. /L
§§§'§§§ :.g/g.g 5.3/4.1 4.9/4.1 0.8/-0.2 1.1/~12 1.5/—4.3 ! 256-270 6.8/5.8 6.2/5.7 5.5/5.2 4.5/3.7 4.5/25 4.8/3.4
‘ 2/3. 47735 4.5/33 3.0/0.2 0.5/—0.6 12/~1.1 271-285 | 5.7/5.4 6.3/5.9 6.1/5.5 4.4/2.7 4.7/2.6 45723
;;é—ggg ;;;(2)3 ;.7/3.8 4.4/3.9 2.8/~1.9 1.9/—0.9 1.8/0.1 286-300 5.5/5.4 5.8/5.5 6.1/5.8 3.2/2.2 3.0/0.8 4.1/3.6
- -2/0. /2.4 4.0/3.3 1.0/~6.5 0.1/—6.0 5/—04 : 301315 5.4/4.8 5.5/4.8 5.8/4.4 3.3/2.0 3.4/0.6 5.0/3.3
_ . . —0.1/=6: 2.5/~0.4 /% /4. . X . N K
g?é g;g (1).:;0.% . T.4/1.9 3325 1 ~21/-44  —10/—60 3.;/_0.1 ] 316-330  4.9/4.8 4.8/4.6 4.9/4.2 2.6/—1.6 0.1/—1.7 5.7/3.1
31345 e o .8/1.1 2.3/1.5 —3.3/-9.7 —35/—51  24/-3% i 331:345 5.6/4.9 5.8/4.8 5.2/4.9 1.8/— 1.4 —1.0/-20 5.2/1.5
e : X 1.3/0.3 2.1/0.9 —32/~108" -3.5/—490  2.1/--14 ; 3462360 5.9/5.7 6.1/5.8 5.1/4.7 1.8/0.9 0.8/—15 4.0/2.0
-360 1.7/—2.8 1.6/1.2 2.0/-03 —2.8/~6.6 —3.9/-235  2.7/-07 ' g
TABLE 3. Power gain of 460 MHz mobile antenna, TABLE 5. Power gain of ];0 MHz mobile antenna with lights/siren installed on vehicle.
Roof, Roof, Rvof ] , Roof; Roof, Roof, Trunk, Trunk, Fender,
Azimuth Location 1 Locatf;on 2 Mc:ﬁ:an 3 L:m:l-k’ 4 Tm”.k F end.er, Azimuth Location 1 Location 2 Location 3 Laocation 4 Location 5 Location 6
interval Gain (dB) Gain (dB)  Gain (dB) Ga(;: I(‘:i,;?) éoc‘an(fz";ij é‘aw(‘;” . interval Gain (dB) Gain (dB) Gain (dB) Gain (dB) Gain (dB) Gain(dB)
N N - - -Gain ‘ain(dB) N ) , Mi Mi Max/Mi
(degrees) Max/Min Max/Min  Max/Min o Max/Min Max/Min Max/Min (degreey) . Max/Min Max/{l{m Max/Mxtx  Max/Min May/Min  Max/Min
1-15 5.9/5.1 6.2/5.8 5.4/4.6 1-15 ~0,4/—0.5 0.2/0.1 —0.6/~09 . —0.6/—08 . —27/—3.1 —17/-26
16-30 62759 e : 8;5.5 | ;.2;1.% ] 1.8/—1.0 4.3/4.0 16-30 —0.3/—-04 0.1/—01  —09/—11  —0.9/—10 ~1.6/—30  —12/-16
31-45 6.1/5.8 58/54 . 5851 18 06/—-1.1 — 43/42 3145 —02/—03 = —01/—03 —10/—12  —06/=09 = —15/—24  —09/—11
46-60 6.1/5.9 5.5/5.4 5.2/4.9 10 /1*9 : 3.6/—~04 4.3/3.8 y 46-60 ~0.2/—04  —03/-05  —12/-15  —09/—13 —1.6/—25  —09/—09
: 61-75 - 6.1/5.6 5.6/5.3 6.0/5.3 39/1.6 3.8/2.6 3.9/2.8 61-75 ~04/-08 . —05/-09 - —16/—18  —02/—1Ll1 —1.5/-20  —0.5/—08
.. 76-90  60/5.7 5.9/5.6 5.9/5.3 35/17 S o 1 76-90 —09/—13  —10/—-19  —18/—28  —01/—04  —21/-34  0.1/-05
91-105 6.1/5.9 6.0/5. , - 91-105 —13/=16  —20/-23 = -26/-3.1 0.1/—04 ~2.9/—4.0 0.1/—0.8
106-120 6.1/5.9 g gﬁ ; 31533 4835 30023 - 3728 - 106-120 —06/—15 = —0.5/—20 —L1/=24  —05/—12  —21/—28  —09/—3.1
121-135  5.8/54 gl P 50731 2.1/12 3.6/2.1 il 121-135 02/-05  —0.0/-04  —09/-—L1 . —03/—08 —1.9/-23 = —30/~39
136-150  6.1/5.9 60757 “ivas 4.3/3.2 L&/14 - 44/28 136-150 02/-01  —01/—06 —11/=14  —05/—11 —16/=19  —03/-238
151165 soyan - 0/5.7 .8/4. 4.1/34 1.8/1.1 39/10 151-165 ~0.1/-04  —0.6/=09  —14/=18 = —10/—12 —1.6/=2.0 0.2/-0.2
166-180 5.9/5. 857 4.8/4.3 3.5/3.0 - 21/13 " 2.6/06 § 166-180 —03/—04 —08/—09 —17/=19  —12/—13 - —18/—20 0.0/—0.6
.9/5.7 5.7/5.4 5.8/4.9 43/3.6 2.0/0.7 2.9/—04 % ‘ o )
i : : ‘ : B , 181-195 -02/~03  —08/—08  —16/—19  —10/=12 = —1L7/—18  —07/—10,
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TABLE 6. Power gain of 40 MHz mobile antenna with lights/siren installed on vehicle.

Roaf, Roof; Roof, Trunk, Trunk, Fender,
Azimuth Location 1 Location 2 Location 3 Location 4 Location 5 Location 6
interval Gain (dB) Gain (dB) Gain (dB) ‘Gain (dB) Gain (dB) ‘Gain(dB)
(degrees) Max/Min Max/Min Max/Min Max/Min Max/Min Max/Min
1-15 —0.6/—0.7 —1.0/—-1.1 -0.97/—-0.9 0.0/0.3 —0.4/—04 —3.1/-3.7
16-30 —0.7/-0.9 -1.1/-12 —0.9/-1.1 0.0/—0.5 -0.4/—0.9 —3.8/—4.6
31-45 -0.9/—1.0 —12/—14 —-11/-13 —0.5/=1.2 —1.0/-2.2 —4.6/—5.8
46-60 —1.0/—-12 —14/—1.6 —13/-1.6 —1.3/-2.3 —2.3/-3.8 —59/-7.2
61-75 —12/—-14 —1.6/--1.9 —1.6/—-1.9 —24/-34 —4.0/-5.1 —7.3/—8.6
76-90 ~14/—15 —19/-2.1 —19/-2.1 —3.5/—43 —5.1/-5.7 —8.7/-9.7
91-105 —1.3/—=1.5 —2.0/-2.1 ~2.1/-2.2 —4.4/-4.8 —5.7/—5.8 —9.6/—9.9
106-120 —1.0/—13 —1.6/—-2.0 ~1.7/-2.1 —4.8/-49 —5.7/—5.8 -1.7/-9.4
121-135 —0.5/—-0.9 —1.2/—1.6 —-1.2/-1.7 —4.9/-5.1 —5.8/—5.8 —5.5/—174
136-150 -~0.1/~0.5 -0.8/—1.1 —0.8/—-12 —5.1/-5.2 —~5.8/~58  —38/-—53
151-165 0.1/--0.1 —0.5/—-0.7 —0.6/—0.8 —53/-54 —5.8/—5.9 —2.7/-3.17
166-180 0.2/0.0 —0.5/—0.6 —0.6/—0.7 —5.4/—5.6 —5.9/—6.1 —1.8/—2.6
181-195 0.0/—-0.2 —0.6/—0.8 -0.7/-0.9 ~5.5/—-5.6 —6.1/~62 —12/—-18
196-210 —0.2/-0.6 —09/-1.3 —0.9/—1.4 —5.4/-55 —6.1/—-6.2 -0.9/—1.2
211-225 -0.7/—-1.1 —14/—19 =14/-20 —5.4/-5.5 -59/—6.1 —0.8/-09
226-240 —1.2/--1.6 —1.9/-24 —2.0/—-2.5 —5.5/—5.7 —5.6/—5.8 -~09/-13
241-255 —1.6/—1.8 —2.4/-2.6 —2.6/—2.8 —5.7/-5.9 —5.0/—5.6 —1.4/-2.1 -
256-270 —17/—18 —~2.4/—2.6 —2.6/—2.8 —4.8/—5.8 ~3.7/-50 —2.2/-29
271-285 —13/-117 —19/—-24 —2.1/—-2.5 —2.9/—4.6 —1.7/-3.6 —3.0/-3.3
286-300 —0.9/—1.3 —1.4/—18 —1.4/-1.9 -11/-28 —0.4/-1.6 —3.3/-34
301-315 —0.7/-09 -1.1/—1.4 —Ll/—-14  -02/—10 —0.4/—-04 —~3.1/-32
316-330 -0.6/—0.7 -1.0/-1.1 —0.9/—1.0 0.3/-0.1 -~0.4/—-0.4 —2.8/-3.0
331-345 —0.6/-0.6 —10/~1.0 —~0.9/—-0.9 0.4/0.3 —0.4/-0.4 —2.8/—2.8
346-360 —0.6/—-0.7 —1.0/-1.0 —0.8/—0.9 0.4/0.3 —04/—-04 —~2.8/--31

e a—

TABLE 7. Comparison of the power gain of mobile and disguised antennas at location 6 (right front fender) and the power

_gain of a slot antenna mounted in the vehicle trunk without lights/siren installed.

) 40 MHz 4027 MHz ~ 150 MHz ~162.475 MHz - 460 MHz 416.975 MHz 413 MHz
Azimuth  mobile disguised mobile disguised mobile disguised . slot
interval - Gain (dB) Gain (dB) Gain (dB) Gain (dB) Gain (dB) Gain (dB) Gain (dB)
(degrees) Max/Min Max/Min ~ Max/Min Max/Min Max/Min - Max/Min Max/Min

1-1s  =3.0/-3.6 -—113/—11.9 —=19/-27 -—4.6/-5.1 4.3/4.0 —7.8/—8.7 —8.9/—-14.5
16-30.  —3.6/—45 —12.0/—128 —15/—1.8 —4.1/—4.5 43/42 —8.0/—8.8 ° —13.8/—175
3145  —4.6/-56 —12.8/—13.7 —-14/—15 —41/—44 4.3/3.8 —-7.8/—89 - —14.5/—-17.8
46-60 —5.7/—69 —13.8/—148 ~14/—15 =—4.4/—47 3.9/28 -8.8/—-99 -10.1/-13.8
61-75 —6.9/ND* —149/—160 —14/—1.5 —4.6/—4.8  4.0/2.6 —~7.3/—8.5 —~11.5/—~40.3
76-90  —83/—-89 —16.1/—17.1 —13/—1.5 —=3.6/—4.6 4.0/2.6 -7.2/—15 —13.7/-35.3
91-105 = —8.8/—9.1 —i7.1/—17.6 —13/-2.1 ~3.3/-35 3.7/2.8 -7.5/—9.1 —17.5/—12.4
106-120 —7.2/—8.7 —158/—172 —-21/-27 —34/—44 3.6/2.1 —8.5/—-9.7 -6.3/--10.0
121-135 —-54/-70 —13.9/—157 ~-17/-28 —4.6/—7.1  4.4/28 ~8.2/-9.5 —6.4/-1.5
136-150 —3.8/—52 —12.2/-=13.7 —-01/—15 —=63/—=7.6 3.7/10 —~72/—-87 ~45/-7.1
151-165 -2.9/-3.8 —11.0/—12.1 —00/—-02 —54/—6.1 2.6/0.6 ~7.0/—-9.9 —3.0/-44
166-180° —2.1/-2.8 —102/—109 -—-0.3/-0.5 -55/—-72 -29/-04 -—10.0/—10.6 —0.3/-2.8
181-195 —1.5/-2.0 —9.5/—-10.1 —=05/—0.6 —7.3/—83 ~ 29/1.4 —9.8/—-11.2  ~0.3/-4.2
196-210 =~ —~1.1/—14 ~—9.1/—9.5 —0.2/-0.6 —64/—38.1 1.4/0.7 —8.5/-9.5 —4.5/—5.9
211225 -1.0/-11 =9.0/-9.1 —0.0/—-02 —5.6/—63 0.6/—24 —7.6/—8.6 —-5.1/-13
" 226-240 —-10/—-13 ,—-9.0/-94 —00/—0.5 —56/—6.5 1.9/—-24 -—74/—82 —6.8/~9.6
241-255  —1.4/—1.9 —9.4/—100 —0.6/—15 —6.5/—7.1  44/2.1 ~7.5/—10.8  ~6.8/—~9.7
256-270 —2.0/-2.6 —100/—10.6 —0.5/~1.5 —6.3/—17.1 4.0/2.8 —11.4/-263 —4,7/—12.8
271-285 —2.6/—2.9 —10.7/—11.0 —0.1/—0.5 —4.6/-63 - 4.4/2.7 ~12,4/-278 —14.3/—30.5
286-300 —2.8/—-29 ~11.0/-11.0 —02/—0.6 —3.7/—4.5 4.6/2.7 —8.8/—11.9 ~ —7.6/—13.0
- 301315 -2.7/—-2.8 —109/—110 —=02/~05 —3.7/—-42 55/3.1 ~7.5/-9.5 —8.0/—9.8
316-330. - —2.5/-2.7 —10.8/—-10.9 . ~02/—1.0 —42/~4.7  4.6/3.3 —8.1/—-11.6 —8.1/~11.9
331-345  —2.5/—2.6  —108/—11.0 —L1/=25 —47/-53 - 4.0/17 -79/—141 —54/-9.3
346-360 —2.6/-3.0  ~11.0/—11.3 —2,6/-2.8 —5.1/-~ 54 4.1/3,1 —79/-138 ~54/-84
*ND-—No data ‘ k ’ ' ‘
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TABLE 8. The effecis of improper grounding of the lights/siren on
the power gain.of a 40 MHz antenna mounted at roof quation 2.

Proper Improper
Azimuth ground ground
interval Gain (dB) Gain (dB)
(degrees) Max/Min Max/Min
1-15 —~1.0/—1.1 —2.0/—1.8
16-30 —L1/—12 —2.1/-2.5
31-45 —1.2/—14 —2.5/—2.9
46-60 —1.4/—1.6 —3.0/-3.5
61-75 —1.6/—19 —3.5/-39
.76-90 —-1.9/-2.1 —3.9/--4.0
91-105 —-2,0/—2.1 —3.8/—4.0
106-120 —1.6/-2.0 -3.1/-37
121-135 —12/-16" —2.35/-3.1
136-150 -0.8/—1.1 —2.0/-2.4
151-165 -0.5/—0.7 —1.8/-19
166-180 —0.5/—-0.6 -1.7/-18
181-195 —0.6/—0.38 —1.8/-2.1
196-210 —09/—13 —2.1/—2.6
211-225 —1.4/-1.9 -2.7/-3.2
226-240 —19/-24 —3.2/-3.6
241-255 —2.4/-2.6 —3.6/—3.7
256-270 —2.4/~-2.6 —3.2/=3.6
271-285 —1.9/-2.4 —2.6/—3.2
286-300 —1.4/—18 —2.0/—2.5
301-315 —L1/—14 —16/—19
316-330 —1.0/-11 —-15/—1.6
331-345 —1.0/-1.0 -1.5/~1.6
346-360 —1.0/—1.0 —1.6/—1.7

TABLE 9. The effects of impraper trunk lid grounding on the
power gain of a 40 MHz antenna mounted at trunk location 4

Proper Improper
Azimuth ground ground
interval Gain (dB) Gain (dB)
(degrees) Max/Min Max/Min
1-15 0.3/0.0 —3.2/-3.7
16-30 0.0/—0.5 —3.8/-4.8
31-45 —0:5/—-12 —4.9/—6.4
46-60 —1.3/=23 —6.5/—8.3
6175 —24/-34 —8.5/-10.0
76-90 —3.5/—43 —101/—113
91-105 —4.4/—4.8 —~11.4/-12.0
106-120 —4.8/—4.9 ~12,0/—12.3
121-135 —4.9/-5.1 —12.1/-123
136-150 -5.1/-5.2 —11.6/-12:.1
151-165 -5.3/-54 —11.2/—11.6
166-180 —5.4/-5.6 —11.2/~114
181-195 —~5.5/—5.6 —11.4/—12.0
196-210 —54/=5.5 —12,1/—13.1
211-225 —5.4/—5.5 —13.2/—144
226-240 —5.5/-5.7 —14.5/—16.0
241-255 ~5.7/-5.9 ~16.3/—18.3
256-270 —4.8/—5.8 —16.1/—18.7
271-285 —~2.9/—4.6 =10.4/—-15.6:
286-300 —-1.1/-2.8 —-6.7/—10.0
301-315 -0.2/~1.0 —4,5/—6.5
316-330 0.3/-0.1 —34/—-44
331-345 0.4/0.3 —3.0/-3.3
346-360 0.4/0.3 —3.0/—3.2

31

B Ry



oy

L

s

H
H






