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ABOUT THE TECHNOLOGY AS$ESSMENT ;PROGRA~ , 

The Technology Assessment Program is sponsored by the Office of Development, Testing. and Dis$emination of 
l::he National Institute of Justice (NIl), U.s. Department of Justice: The program responds to the mandate of the 
Justice System Improvement Act cC?,f 1979. which cleated NIJ and directed it to encout4ge research and development 
to improve the criminal justice system and to dis<'eminate the results t~oFederal. State, and local agencies. c 

The. Technology ASf'essment Program is an applied research effort that determines the technological needs of 
justice system agencies, sets minimu~ performance standards for specific devices. tests commercially available 
~ equipment against tho$~ standards, and disseminates the standards and. the test results to criminal justice agencies 

nationwide aUd intemation~lly." " rr . 

The program operates through: , 

The "(echnolosy Assessment Program Advisory Council (TAPA~ consisti~ of nationally red:lgllized 'Criminal 
justice practitioners from Federal, State, and local agencies, whiclI 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 qpon laboratory testing and eval!lation of 
repl'$entative samples of each item of equipment to deteunine tP.e . key':attributes, develop test methods, and establish 
minimum performance requirements for each essential attribute. In addition to the .l(Jily tecbnical standards, LESL 
aJ,~o pro~ user guide,> that explain in non.techni,cal terms thes.apabilities of available equipme~t. .'~ ...~ 

~. The Technology As,fe~Smellt Program Informatwn Center . (TA'PIC) operated by the Internationaf"':AssoClation of 
Chiefs of Police (IACP). which supervis'esa national compliance testing program conducted by indepl;lndent agencies. 
The standards developed, by LESt serve as perfomance bench marks against wJtich commerciai equip~ent 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 Pro(Juct Reports designed to help jnstice 'system procttrement officialE! make 
informed'purchasing dellisions. " .. ~ '" 

All publications issued by the National Institute of Justice. including those of the TechnOlOgy Assessment 
Program, are available from the NatiOlUll Criminal Ju~i.'re Reference Service (NCJRS), which serves as a central 
information and reference source for the nation's Crimin~) jnstice community. For further infoll\lation, or to register 
with NCJRS, write to the National Institute of Justice, National Criminal Justice Reference Service, WasbingtPn, DC 

020531. [J ,) c) 

" Paul Casciu:ano. Assistan~ Director 
National Institute of Justice 
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fOREWORD 

This document, NIJ Standard·0204.01. Fixed and Ilase Station Antennas, is an equipment standard developed 
by the I.aw Enforcement Standards Laboratory of the National Bureau of Standards. It is produced as part of the 
Technology Assessment Program of the National Institute of Justice. A brief description of the program appears on 
tAIe inside front cover. , ',' 

,- Tliis ~1tandard is a technical document that specifies perform~nce and other requirements equipment must meet 
to conform to the needs of criminal justice agencies for high quality servic~. Purchasers can use t,he test methods " 
described in this report to determine firsthand whether a particular piece of equipment meets the standards",or they 
may have the' tests conducted on their behalf by a q'laIified testing laboratory. Procurement officials may also ~efer to 
this standard in their ,purchasing documents and require that equipment offered for purchase meet the requirements, 
with compliance guar!l'nteed by the vendor or attested to by an independent laboratory. 

Becausetbis NLl stariaard is designed as a procurement aid; it is necessarily highly technical. For those who 
seek general guidance about the ()apabilities {)f fixed and base station antennas, user guides also are published. The 
guides explain in non.tel!hnicallanguage how to select equipm,untcapable of the performance required by an agency. 

NIJ standards; are subjected to continuing review. Technical comments and recommended revisions are welcome. 
Please selld suggestions to the Program Manager for Standards, National Institute of Justice, U.S. Department of 
Justice, Wasliington, DC 205310 

Before citingothi~ or any other N~etandard in a contract. document. use.1{: should verify that the most recent 
edition of the standatd is used. Write to: Chief, Law Enforcement Standiud~ Laboratory, National Bureau of 
Standards, Washingto'fi, DC 20234. 
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, Preceding page blank 

Lester D. Shubin 
Program Manager for Standards 
National Institute of Justice 
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NIJ Standard·0204.01 

NIJ STANPARD 
II FOR, 

FIXED AND BASE STATIO~ ANTENNA,S 

'1. PURPOSE AND SCOPE 

o 

The purpose of this document is 'to ~(;tablish minitpum performance requirements and methods of test for 
antennas that are used at base stations or other fixed sites by law enforcement ageJlcies. This standard is (l, revision of 
NILECJ·STD.0204.00. dated November 1977. This revision expands the standard to include antennas used in the 
800-960 MHz frequency band and to include the design and construction details of two types of reference a~tennas. 

2. CLASSIFICATION 

for the purposes of this standard, fixed and base station antennas are classified by their operating frequency and 
their .'irectional pdttern. " 

" 

2.1 Operating Frequency 

2.1.1 Type J 
c\ 

Antennas fbl' use in the 25-50 MHz hand. 

2.1.2 Type II 

Antennas for use in t~e 150-174 MHz band. 
0(( 

2.1.3 Type III 
" 

Antennas for use in tile 400-512 MHz haud. 

2.1.4 type IV 

Antenna!! for use in the 800-960 MHz band. 

2.2 Directional' Pattern 

2.2.1 Omnidirectional Antennas 

2.2.2 Directional Antennas 

3. DEFINITIONS 

The principal terms used in this document are defined in tltis section. Additional definitions relating to law 
enforcement communicutiollS are given in I.ESP·RIYf·0203"OO UW. 

Antenna Pow.! Rating " 

The maximum ~M~tinuolls·wave power tl1,\t can be applied to an antenna witbout degrading its performance. 
'\,.' 

*Numbers in bracket!1 refer to r~fer(':tes in appendix A. 
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3.~ Dipole Antenna, Resonant Half-Wavelength 

A straight radiator (usually eucJ.'gized at the center) whose diameter is small compared to it,; length and whose 
electrical length is equal to apjlro~mately Que-half the wavelength of the energizing signal. The rni:Hator supports a 
line current cj(,~}ihution such that ~:~urrent node (zero net current) exists at eaclt of the e!1ds, producing maximum 
radiation in the plane at the center of ~e antenna and normal to its longitudinal a,~is. ' 

3.3 EHective Antenna Volume 

The volume occupied by an antenna plus one:half wavelength in all directions when it is xotated through 360° $S 
required by a pa~icular test. 

3.4 Isotropic Radiator 

A hypothetical antenna radiating or receiving equally in aU directions. 

3.5 Maior Lobe 
'I 

The antenna radiationlohe that contains the direction of maximum radiation. 

3.6 PaHern Recorder 

A device that records the amplitude of the output signal from an antenna and receiver combination as a function 
ofthe antenna oril)ntation. " 

3.7 Polarization 

The orientation of the electric-field vector of the wave radiate~ by an antenna. Alternatively, the orientation of 
the electric.field vector of an incident wave which results in maximum available power atthe antenna terminals. 

3.8 Radiation, PaHern 

The magnitude of the relative electric field strength radiated from an antenna in a given plane as a function of 
the angle from a given refe~ence direction. 

3.9 Relative Antenna Gain 

I' The ratio of th~ radiation intensity of an antenna in a given ,direction to the radiation intensity of a reference II 

antenna in the same direction, with the same power input to both antennas~ If the reference antenna is a It'ssless half
wavelength dipole antenna, the gain is expressed in decibels relative to the dipole antenna, dBd. 

3.10 Scale Ratio 

The ratio of the operating frequency of a scale model antenna to the operating frequency of the full si)1:e antenna. 

3.11 StandCl:r&:~ Unit 

, The reference unit used to measure relative antenna gain. The ~ference unit is usually either an isotropic 
radriato 1rra lossless half-wavelength dipole. For this standard, the reference unit is tbe Iossless half.wavelength 
diM antenna. 

'I 

3. Standing WQve Ratio (SWR) I) () 

G he ratio of the maximum to the minimum voltage or current appearing along a transmissioiflline. 

3.13 Wind Velocity CRating 

The maximum wind velocity that an antenna assembly can wi~~stand without physical ~amage. 
,_ \1 
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4. REQUIREMENTS 

4.1 Performance Requirements 

The antenna shall meet or exceeddlll the req~irements of this standard as given below and sum'marized in table 
1. These ;erformance requirements meet or exceed those given in the Rules and Regulations published by the 
Federal Communications Commission [4,5]. 

\'\ 

.' TABLE 1. Minimum performance requil'l,lments jor 
C! fIXed (lnd base statilln antennas, 

Antenna characteristic Minim~lm requirement 
---------------'1' 
Rated Power Operation 

Relative Antenna Gab. 

Radiation p,attern 

Standing Wave Ratio 

Wind Velocity Rating 

6)0 physical damhse 

±1.0 dB of the relative gain 
specified in the major lobe. 
± 5.0 dB in minor lobes 

± 1.0 dB of the radiation pattern 
'specified in the major lobe. 

±5.0 dB in minor lobes 

1.5 or less 

See table 2 

4.2 Usar Information 

, ufi t or distributor shall include the The information supplied to the purchaser by the antenn~ man ac uror 
following: 

a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
i. 
j. 
k. 
1. 
m. 
n. 
o. 

Operating frequency range 
Antenna power rating .. .c. • •• 

Relative antenna gain vs. operating frequency in standard gam umts 
Polarization () 
Vertical raqiation pattern 
Horizontal radiation pattern 
Nominal impedance 
SWR VB. operating frequency 
Connector type 
Wind velocity rating 
Pbysicaldimensiott13 G 

Weigbt .0-

Antenna material composition 
Operating, installation and service instructions 
Certification of compliance with this t\tandard. 

4.3 Antenna Power Rating 

0" The antenna shall meet tbe requirements of paragrapbs 4,,4. through 4.? immed~ately after being subjected to 
the test described in paragraph 5.4. In addition, the antenna shall not be phySICally damaged by the test. 

4.4 Relative Antenna Gain c 

The relative antenna gain. measured in accordance WitJl part)gl'aph 5.5, sball be within 1.0 dB of the relative 
gain spe!1ified by the manufacturer in accordance with paragraph 4.2.~~ 
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4.5 Radiation Paltern 

4.5.1 Vertical Pattern 

o 
.. , ".-.' --~.- -~ --.. -.- -~. ~---, - ,-~ -.?-""- .. ~ .. _, __ .. __ ~ __ "_ ... C __ '_.r,.--,' .. _ 

D 

,", 
. :he, vertical rad.jation patte~ll, measured KJ. accordance with paragraph 5.6.1, shall be witl~in 1.0 dB of the 

radUltlon pattern speCIfied by tlIe manufacturer in accordance with paragraph 4 .• 2.e. 

4.5.2 Horizontal Pattern 

The horizon!al radiati~n pattern shall be measured in accordance with ~aragraph 5.6.2. F(Jlr omnidirectionnl 
antenna!, th;- hO~lzontal radlatlOn pntte~n variation shall bCo within 1.0 dB throughout a 3600 varilltion in azimuthal 
angle. ~or dlr?ctlOnnl antennas, the honzontal radiation pattern shall be within 1.0 dB of the pattern specifi~ by the 
manufacturer m accordnnce with pa~?graph 4.2.f. 

4.6 Standing Wave Ratio 

.' The swn of the antenna, measured in accordance with paragraph 5.7, shall be 1.5 or less referenced to a 50. 
ohm system. c 

4.7 W.ind Velocity Rating 

The an«mna shall be capable of withstanding wind ;elocities of 114 km/h ,(11 mph), without ice loadings. If 
mounted mo~e tha~~O m (295 ft) ~bove ,the ground or iflocated in zones B or C (see fig. 1), the antenna shall be 
capable of wlthstandmg the approprIate wmd velocity, as listed in table 2. -

4.8 Materials 

The materials used in the antenna and ill auxiliary items such as supPQrt members, feed ltarne\lSeS, connectors 
and'1llounting hardware shall provide a higb strength.to-weight ratio and good resistance to corrosion. 

OZone A 
[:;::::::1 Zone B 
• Zone C 

FU;URE 1. {,oration ~f wind loadill6 zones ba5t'd on 50 yr mean recurrence intel'\'ai (15}, 
•• C·j ,t ." 
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TABU'; 2. /f'illd velocity ratings 12J 

------~,(---,--------------------------------------
Anlenna bll$tl 

height above ~'\'Onnd 

Less than 90 m (295 fl) 

90-200 m (295-656 fl) 

More than 200 m (656 ft) 

5.1 Standard Test Conditions 

5. 

Wind loading zone 

A n c 

Wind velocity km/h (mph) 

114 (71) 132 (82) 145 (90) 

123 (76.5) 144(89.5) 161 (100) 

145 (90) 168 (104) 193.(120) 

TES'r METHODS 

~ 

(<'3' 

." 

Unless otherwise specified, perform all measurements at die standard test frequencies under standard test 
conditions. Allow all measurement equipment to warm up until the system has a-cbieved sufficient stability to perform ° 
accurate measurements. 

5.1.1 Standard Te,t Frequencies; .......... ...._,: 

The standard test frequencies shall be three frequencies. one each at the low end, middi: ':iki:~igh end o;:tl~t··· 
operating frequency range (Pilr. 4.2.a). 

5.1.2 Standard Radiation Te,t Site . 
. ' ' ," .. ~.:,:'«~~/":! " 

The standard radiation test site sliall be located on level ground which has unifOM electrical characteristics (i,4~~;'~';,J l! ~I 
ground constants). Reflecting objects {especially large metal objects), trees, buildings, and other objects which WOUf&'::f1:/;/ 
perturb the electromagnetic fields to be measured should be no closer than 90 m (295 ft) to any measuring instrument '., , \'/ 
or the equipment under test. All utility lines and any control circuits within the test site should he buried 
underg~pund to a depth of 0.3 m (approximately 1.0 ft). The ambient electrical noise level \-shall be carefully 
menitored to insure tbat it does nQt interfere with the test being performed. The ambient noise level should be 14 dB ;~ 
Or more below the minimum signal levels being mM~~ured. 

5.1.3 Standard T.lt Range 

Eitber a slant range, a ground level range or an elevated range may he used to measure relative gain and I or 
. veri:icGl and horizontnlradiation patterns. In each. the distance between the two antenna!!, R, shall be ten wavelengths 

or 2 d2
/h (where d is the largest dimension. in meters, of the antenna under test, and A is the free space wavelength, 

in meters, of tlte test freq!!-ency), whichever is ~~.eater. After<~41,l.~g on the si~&l source, the resultant 
electromagnetic field shall be probed using a half·w8' gthlidipoJe antenna over the.~~ctive antenna volume (par. 
3.3) of the antenna to be tested to insul;e that the field ength variatiun is less than ±3/4 dB:H' the field stl't;l1gth 
variation exceeds ±3/4 dB, tbe range should be consider' & unsatisfactory. If Ii slant range is used. the sour~~ antenna 
should be positioned within a few centimeters of the ground, and the antenna under test should he loca~d about 
20-30 m (66-99 ft) above ground level. If a gl'Ound level range is used, both antennas shall be positioned cloll6 to the 
ground such tbat the first maximum of the interference I,attern of the soutce antenna and its image shall be placed at 
the center of the test antenna. If an elevated test range is used. botb the antenna under test and the source antanna 
shall be ~~e:'l~~ SUfficiently tbat the reflected signal from the source antenna is negligible ~t the cente~ of ihe 
antenna un~~fiest when the major lobes of both antennas are aligned. . . 

o _ 

5:2 Te.t Equipment 

The test equipment described in this section is linlited to the equipment that is most critical in making tbe 
required measurements. All other test equipment all.Ubc of comparable quality. ei) 
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5.2.1 Receiver 

The receiver shull be wel1.shielded, capable of operating ove; ~he ft:equency range of the antenna under test and () 
,shall be calibrated suc~ that it can measure~oltages of ~to 10 mV:~with 'an accuraRY of 6% and a resolution of 2%. It 

i( ~ ~ L i shall have an input impedance of 50 ohms and an SWR of 1.05 orIess. ' ,,~ ~=-

5.2.2 Antenna Pattor" aecorder 

The stability of the antenna pattern recorder shall be such that it can reproduce patterns to, within 0.2 dB • 
. - , ,. :: ': 5.~.3 Reference Antennas 

Either of two types of reference 'llntennas may be used, nam~iy. the EIA standard antennas or the standard 
dipole an~ennas. Details of their design and construction are given in appendix B. 

5.2.4 Power Meter 

i c '.>" j The power meter )l,hall measure both forward and reflected power in a SO.ohm system with a full.s~ale 
uncertainty of 5% or Ies(' ~t may be a through·line directional wattmeter, or directional couplers Wit~ power meters on the side arms. v 

5.3 Scale Model Meaiuraments 

Accurate radiation pat'.em and relative antenna gain measurements are difficult to obtain for type I antennas 
hecause of the antenna size. For type I antennas, scale model techniques may he used, provided certain precautions 
are. observed" The scale model shall be construQted to tq,e following aucuracy: 

&' 
I' Ls= (L±1%)IR 

.. whe .. R i, the "ale rati.:' L, i, .. y slgnili"" linear dint_ •• of the "ale model, and L is the "''''''ponding Iineor 
dimension of <the fuIl.size antenna. T~~ scale . ratio shall not exceed Slx. The parm of the scale modtYt shall he 
constructed of I!he same materialsGas the corresponding parts of the full·size antenna. If the supporting tower or maJt 
is an eJectrically essential part of the antenna or affects the electrical performance of the antenna; it a~o shall be 

() 
,constructed to scale. ' 

n 

S.4 Rated Povter Operation Te.t 

If authorized hy the Federal Communications Commission to do so, mount the antenna on an outside range at a 
temperature of at least 20 "c (68 "F) aiId apply rated power (par. 4 .. 2.b) for .4h at oneuf the standard test frequencies. 
If not authOrized to transmit at rated power into free space, place the antenna in a chamber that will provide 60 dB OJ' 
more of shielding and perforw the Same test. = 

5.5 RelatiVE) Anter;lna Gai,n Test (I 
o 

Mounto,tbe Goui&: anten~a and the antenna uri~ test in accordance with paragraph 5.1.3 sQ ~hat their major 
<) tranflmittinglreceiving lohesare positiOned for horizontally polarized signals, and connect the equipment as shown in 

figure 2. Tune the Signal source to one of the standard test frequencie!J. and adjust its output until a convenient ., ~ 

reading is ohtai~...m."on the patterIt recorder. Positi~n and alih'll hoth antennas f(lr the maximum indication" on the 
pattetn recorder and record tltis reading, PAt in decibels. Do not adjust the signal source for the remainder of this test. 
Remove the antenna ullder test and x-eplace it with the reference ante~a,) Position and align the referelt:1:e antennl,l for 
the ma.ximum ,received

c 

signal and record the reading. PRo ~n decibels. The relative antenna gain, in decibels, is 
I' ,.p, +c". wi .. ,,,, -c" is th, g.in of the ref"",nee antenna, in dBd. ",I.ti", In thot of the -dar<! gain ""it Repeat 
for each of the other two standard teetlrequencies. .. 

5.6 "'Radiatiop Paftern Tests 

,s.".l Vertica' Pattern 'Fest o 
., " " . ,. ,. , 

6 Us~ the same measurement oetup as described in paragraph 5,5 and figure/~. ~ljg5 and positionJloth the source 
and test antennas for maxinlU~ signl,l strength. Adjust tue signa! source for'i'uU 8cale\1indication on ihe pattern " ,-

6 
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ANTENNA UNDER TEST 

NOH"METAlLIC 1 ___ .. 
SUPPOOT -

FIGUR~ 2. Test setup for measuring relative antenna gain and vertical radiation pattern. 

recorder. Do not adjust eithe: the pattern recorder or the signal ~urce for the remainder of this tes~. Oh~in t~e 
vertical radiation pattern of the antenna under test by rotating it through 360" in the plane defined by lts major aXIS 
and that of the source antenna. The starting and ending points nn the pattern record ~tlOuld be the same. If they are 
not, repeat the measurement. Repe~t for each of the other two standard test frequencies. 

5.6.2 Horizontal Patte,« re.t 

Position the two antennas as shown in figure 3, with their major axes parallel to each other and perpendi~~la~ to 
the imaginary line that connects their midpoints., Adjust the sig\~ouroo and the pa~ern recorder controls so that the 
pattern recorder indicates full scale. Do not make adjustments fo;nm remainder of thIs test. Rotate the antenna under 
test through 360' about its major axis to obtain the horizontal radiation pattern of the antellna under test. The 
starting and ending points on the pattern record should be the same. If they are not, repeat the measurement. Repeat 
for each of the other two standal:'d test frequen9ies. 

Ci 

I AXIS OF ROTATION 
I 

I 

/ ANTENNA UNDER TEST 

, FIGIJIlE 3. T~~t setup for measuring horitontal radia[on pattern. 
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5.1 Standing W~ve Ratio Test 
B _ o. • 

Although SWR is defined in terms of voltage o. r current, the measuremenzrtoeedure described herein uses a 
power measurement technique to determine the SWR. - , " / 

Mount the antenna under test on a tower, in the same manner in which it i~~ally used, with its base at least 
3 m (10 ft) aQQve ground. Thi~ is important f?r mountings where the antenna supporting structure is in the field of 
the antenna. Connect the measuring instruments as shown'in figure 4. Place the power meter right at the antenna 
input terminals, jf possible. If it is necessary to use an rf transmission line to connect tfle power me~r to the antenna 
input terminals use a transmission line with an SWR of 1.05 or less. ~ 

Use the power meter to measure the incident power delivered to the antenna and the reflected power from the 
antenna. CalClllate the SWR from the following relationship. where,cP1'is the meas~red incident power in watts and P, 
the measured reflected power in watts. , 

\) 

If the line loss in the rf transmission line connecting the pOWeJ."meter to th~ antenna input terminals exceeds 0.5 
dB, correct the measured SWR to eliminate the effect of the hne loss. This correction can be applied by dividing the 
measured incident ~ower, Pi' by the power ratio of the transmission line loss and multiplying the measured reflected 
power, PrJ by the power ratio of the transmission line loss. 

" c-! 

o 

-, 

.(!) 

o 

h~3m (10 tt) 

c 

POWER 
METER 

,/1 GROUND '//ilt / 1/ / 1/ / 

" SIGNAL 
SOURCE 

FIGURE 4. Test setup for measuril)g SWR. 
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APPENDIX B-REfERENCE ANTENNAS 

EIA Referenett Antennas 

The basic conijgutation of the EIA referen~e antenna is illustrated in figure B·l. It consists of tWQ parallel half
wavelength dipoles connected in parallel hy two symmetrical sections of halanced open.wire transmission line. The 

n dipoles are one·half wavelength apart, and are located one·qualrter wavelen~h away from the conducting ground plane 
~hich is one wavelength hy one 'wavelength in size.. " 

'There are four antennas, each designed to operate overt a given frequency hand. There frequency hands are: 
148-174 MHz. 406-450 MHz, 450-512 MHz, and 800-960 MHz. The dimensions and detailed cRnstruction of each 
antenna are shown in figures B·2 through B·5. The antennas shodld he constructed of a lightweight highly conductive 
mate~ial ~ucha!! aluminum Of other comparahle materials. 'j " 

The' antenna impedance should he tuned at each frequency hy adjusting two tuning slugs and the tuning 
assemhly. This can he accomplished by torminating the antenna coaxi~;} connector in the desired impedanca (usually 
50 ohmsl and, while measuring the SWR. adjusting the two tuning sluga for minil9lirft SWR. This may take several adjustments. 
Then move to the tuning assembly atld adjust it for minimum SWR. It may be necessary to repeat the elltire process severa! times in 
order to achieve the lowest SWR. 

~--~-------- A -<-------~'" 

\ 
f'ICUilE D·l.:Basic EIA rcfe'rence antenna. 
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FIGURE B-3. 148 to 174 MHz ErA reference antenna (aU dimensions in inches). 

o 

- ~"-~.-.-. - """-~.--- ::- -, ~ --<---- "'~-:::;:::::!:1.~=== 
~-,,"-.--.-:;tt:.::::;:;::.---

~.--.. --

(, 

//~ 17.$;; 

~ 
1 .... $.1. t",ot;;t'~1 

"-.. J '1.>: .L --- . 

-r< TlJlIl!IG-~UJG. 

I7.sa 

FIGURE 84. 406 to 450 MHz ErA reference antenna (all dimensionsln centimeters). 
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FIGURE B·S. 406 to 450 MHz EIA reference antenlla <all dimensions in inches). 
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F!GI:RE B-7. 450 ro 512 MHz EIA reference antenna (all dimensions in inches). 
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The gaips of these refere~ce antennas are listed in table B·l. A series of measurements were m~de at the 
National Bureau of Standards [12] on several antennas of this design to determine typical gain figures. Measurements 
were made at selected frequencies u:nd selected bands on antennas that were similar in construction and supposedly 
identical to each other in electrical perforMance. However, the measured gains of these antennas ,raried, apparently 
because of minor differences in constru,etion. The gain figures listed in table B·l should be accurate within ±O.6 dB. 

TADl.t; B·l. Gains of EIA rcjerence antennas relative /0 11111 
standard gain units 

Band (MHz) Frequency (MHz) Gain (dB~ 
/' 

(/' 

1<W-174 1<W 7.5 
14S-174 160 7.7 
1<W-174 , 174 8.0 

406-450 406 7.6 
406-450 ·128 7.7 
406-450 450 7.9" 
450·512 450 7.5 
450-512 <Wl 7.7 

r,\ 
450-512 51ft" 7.<1 

800-960 800 ' 7.5 
" ,800-960 882 1.7 

600-960 960 8.0 
' ..... 

II 

Dipole Reference Antenna.o 

The standard dipole antenna is a self-resonant balf.wavelength'dipole straight radiator as described in paragraph G 
3~. 0 

In order to achieve a self-resonant, half-wavelength dipole antenna, it is necessary to make the overall length ~f 
the antenna less than a half.wavelength. The shortening is a function of the antenna rod diameter and frequency. The 
percent shortening is determined by the following equation: 

2708 
% shortening ::::; -K ' o 

where 

Ko := 120 loge {A/d)-I, 

d 2.: antenna rod diameter in centimeters, and 

A (~ :::;: free space wavelength in centimeters • 

,0 "The ,balanced transm~sion line of a dipole antenna must usually he transformed to an unbalanced coaxialf 
transmission line in urder to connect it to the measuring system. This can be accompHshed in sevel'al ways, such as by'\ 
usi~g a balun transformer or quarter.wavelength transformation stubs. 
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