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FOREWORD “ “.
. . ,,. .

“:,
The expanding application of radar for various military functions and purposes, with attendant expansion

of demands on the electromagnetic spectrum, has given rise to serious concern relattve to the formulation
ilnd application of more effective standards of frequency management for such equipment. As an tnitial step,
adoptfon of minimum engineering design requirements was considered necessary., ...The engt6ee ring design
crlteda set forth in this document are considered necessary to achieve. electromagnetic compatibility and im-
prove accommodation of expanding radar requirements within the limited spectrum space available.

The des,m requirements ad criteria stated herein are not intended to prohibit or-~bit the free and :
Unkes&icted approach of research in th”e development of new “radar systems which promise an increase tn
effectiveness. Ii is recognized that ce~ requirements stied herein are* ap#lcable to all types of
radar qwteins. When these situations exist, the intent of the rxrquirernent.s shall be applied titb best en-
@neerhw judgment and approwil by the Wocuring activity. Contpctor’s engineering proposals shall con- .
@in all information requlrecl by the procuring activity pertainhg to this standard.
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. RAQAR EruXNEERrNGDESIGN tiQUTR,&ENT$i ‘ . . ~’... ..

ELECTROMAGNETIC COMPATIBILITY

,.
1. SCOPE

. .

1.1 The engineering design requi m?ments set forth herein are established to cent rol the spectnal charac-
teristics of all new radar systems operating between 100 and 40,000 megahertz (IvlI-iz) in an. effort to, achieve

. . .elect,romagnetic compatibility and 10 conservethefrequency spectrufl”availabl’e to Milf,tary radar systems.

2. REFERENCE DOCUMENTS
.-

2.1 Not applicable.’ ‘” . .

.,

.:. .

3. DEFINifiONS AND SYMiMXS . . ., . . . . .
. . . . . . . .. .

3.1 Definitions . . . . .-, . . . ,.., ..’. . . .
,,’ .. ... . .

3. 1.1 Antenna. - h“ antenna W a device employed as a mea& for radiating or receiving radio-frequency
energy.

3.1.1. 1,. Fixed eIevation ardenna. - A fixed eievat ion antenna is one designed for fixed @ elevation. In
order to operate at’ other ek@ionS, the ante@a must be manuaiiy positioned and secured by the use ,of bolts,
retaining pins, and other fasteners.

3. 1.1.2 Elevatable antenna. -
. .

An elevatable antenna is one designed for operational maneuverabiiity in
the vertical plane regardless of the upper or lower mechanical limits. ..,

3..1 .1.3 Rot&table antennas. - Rotatable antemas are antennas designed to rotate through 360 degrees in
azimuth.

3.1.1.4 Semi-elevatabk antennas. - Semi-eievatable antennas are antenn& designed to elevate through
an angle iess than 80 degrees, or stepxd in increments in the elevation plane.

3.1..1.”5” System ante- - A system antenna is the antenna whose characteristics are being” mek.sured. .

3. 1.1.6 Test antenna. - The test antenna is the antenna associated with the measurement equipment.

3. 1.2 Minimum test site distance. - A minimum test site distance is that distance between two antenms
for open-field tests to ensure no near-field or Fresnel Region radiation pattern effects with respect to both
antennas. This minimum distance is equal to ~/A or 3A, whichever is larger, where D is the maximum
aperture dimension of the largest antenna, and A is the wavelength at the fundamental frequency. If the test
antenna a’jpture (D2) is iarger than one-tenth of the aperture (Dl) of the antenna being measured, then the
minimum test-site distance is (D1 + ~)2/2 h.

3. 1.3 Assigned frequency. - The assigned frequency is the center of the frequency band assigned to a
s pecific.equipm.ent or system.

3. 1.4 Frequency coveqge.of test equipment. -
..

Frequency coverage of test equipment is that range (or
those range~ of f requencfes over which the test equipment is designed to operate; for example, the frequency
covemge of the AN/WUIJI-JQf may be O. 15 to O, 4 MHz and 1.5 to 1000 MHz.

3. 1.4.1 llmi~ t%md. - The tuning band is that partial range of the tuning frequency range over wKlch a
particular cc@@ration of test equipment operates with a @ven bandsw~c~ setting;. for exam pie, tuning band
elements of the AN/URM-XX may cover the foi.kwing tuning bands: .

Band 1:” 0.1S to 0.4 ~Z

... . Band 2: 0.35 to 0.92 ~Z .

.

.“ .-

... .>..,. ...”. .“ ----- ‘

. . .
4

..

. . ‘.

1
. . .
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Band 3: f). 9 to 2.45 MHz
.- t,

“Band 4: 2:4t0 6.3 ,~Z ..-., :.’ .’ ., .,’ .:; ,.’ ~,’ .,,. ,. . . .

Banii 5:’ &O tO 15.4 “MHz

,.

Band 6: 15.0 to 30.0 MHz

3. I. 4.2. Tuning frequency range. - Tuning frequency range is that partial range of the frequency coverage
over which a particular configuration of test equipment operates; for example, the AN/URM-XX may have
the following tuning frequency .rarige: .

0.15 to 30 MHz with head - 1 installed
20 to 200 MHz with ,h,ead -.2. installed ,,, ; .,.,“

’200 to,. 410”.MHz”with&ad--- 3,installed “. : - “., .’ : “ ,. , “, ~~
. . . ..

400 to 1000 MHz with head - 4 installed
,.

3. 1.5 Frequency-selective voltmeter (FSV M). -. A f ~equcncy-selective voltmeter is:a frequency selective
radio receive r c a lib–rk~d”-a ~–a—fi-o--t~r—mTn”a170–11FF-ete r: for exampie, a field-intensity meter;

‘,
.3: 1.6 Frequenc~olerance; ”- Frequency tole.rance,,is the. maximun~ &’r~issible de~artuiv by the “Center “‘,,. , ., . ..—._-.—._ -—.,——._ .,

frequency of-the “frequency band occupted by an emission from the “assigned frequency. The frequency toler-
.’. ante.is expressed in parts in 106 or, in Hertz..: .,.

... , ,. ,.. .,,, .,...... ””. :., . ,.. .1.,., . . .

3, 1.7 Mid~pulse-minimum visible signal (MPMVS). - The mid~pulse-:rninimum’” visible signal is the mini-
..,.

_.. .—.—. .——___ ..=___ .,.,_
mum input pulse siLmal power level which permits visibility of the center of the output pulse. This level is
obtxined in Uk S~Ille manner as the MVS level, with the center of the pulse being the point of reference.

...: ’.’. ,. .,, ,

3.1.8 .“Minimum ~sible signal (~S).. -Thehe minimum” visible”sigilal.is the .mlnimum” .in~ut’ puke’ si&nal
,.::

power level which permits visibility of the output pulse., This level is obtained by initially setting the. input
signal above the detection threshold; and then slowly decreasing the. amplitude.

,.
3. 1.9 Necessary bandwidth. - For a given c,kss of emission,. necessary banckidth is””theminimum value of

the occupied bandwidth sufficient to ensure the t>”ansm”ission of information at the.rate and with the quality re -
Quirid for the sjn+ems em”ployed, under specified conditions’. Emissions useful for the. good functioning of the
receiving equi@ent, such as the emission corresponding”to the’ carrier of reduced carrier systems, shall be
included in the necessary bandwidth.,

,.

3.1.10 Occupied txmdwidth. - Occupied bandwidth is. the frequency bandwidth, such that, @low its lower
and shove its-~ ”~j~~Fr~EL<i-cj; -~mits, , the mean powers radiated are each equal to O. 5 percent of the total
mean, poivei radiated by &.”given e~iss.i.on.. In some cases, forexampleemu!ti-channet frequency-division sys-.
tcms, the percentage of O. 5 perce”nt may lead to certain difficulties in the. practical application of the defini-
tions of occupied and necessary bandwidth; in such cases a different percentage may prove useful.

3.1.11 Power levels.. .—.—-..--— ..—
PI

3. 1.11.1 f)b (decibels) .- Db = 10 loglom’ where PI and P2 are the pgwers compared.—.—-——.—.

3.1:11:2 Dfin (decibeLs rek+tiv~ to 1 milliwatt). - Dbm is defined as decibels re~tive to 1 milliwatt = 10...
10K,0 P, whc re P ~s–th~ I;~~~~r–itifi”lllfi~~.-- ““---—

3. 1; 11.3’ Dbin,/m2 (decibel. relative to 1 milliwatt per square meter). - DBL1/m2 .is defined as decikls

re~ativ~ t; 1.0 lnilliwatt/nlet&r2 = iolo~lo ~ :vhere Pis as “flefined in 3.1.11. 2’and A is.the effective &ea in

‘sq!l:~re rnete{s over” which. P is”measuretf”” “ ““ “”
,.., ,, . . .

., .’”.,,.’
,“

3.1. 12 Puke width (T). - Pulse width is the time interval’ t~etwcen hdf power points in the time, waveform.——
i.,f :i pulsed .sign:~l. ‘— “--

3.1.13” iti,quired acc,epti”rrce bandwidth. : The required’+~cccptance bandwidth is” the receiver required ac -. . . . . ...
~ci,t,lllce b:~[]d,~j~j~}~’-w~icfi”Int ludes the funda”nle~lt:~1 f re~u+cy. respoi]se ~’nd extends “from the] OWest to the “,

highest fh~;wrlcies On the .se’lectivity curve outs’iile of which the image, response is at least 60. db below, the”
fundamental f~equcncy response and ill other. resp?qses are at least 80 db below th~ fun~arn.erital frequency”, . ,,
response. ,.:. .-”...,. ., .,. . .. ....

,~... ,’. . . . . .. . ., ..’., .,., ,., ,. . ..
.,.

. .,’””,,.. ‘..,., . .
... , ,.-, ,,

. . . “ ,.
‘2’.’. ,, ’., . . . . ,,: . . . . .. . . . . . ....”’.....’ ... .

,,
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Radar emission bandwidth. - The radaremissionbandwidthshallbethefrequencybandwMthwMch
hndamentd freauency and extends from the lowest to the hh?hest f&auencies outskie.of which the

Iev’els of spectral &wer dem-ity db not e.xcded those specified’ hereinafte~. fies~ levels are in the main beam
at a reference distance of 1850 meters and may be expressed in te rins of energy received on a surface area of
the receiving antenna of one square meter, i.e. joules/meter2. For the purpose of this standard, however,
the more conventional dbm/kHz/meter2 or milliwatts x kHz-1 x meter-2 wilI be used. .

Level of spectral power (Avg) density
(within frequ%ncy range of) (in the main beam at a reference distance

MHz ,. , . of 1850 meters)

(milliwatts x kHz-l (flbm/kFfz/meter2)
x meter-2)

100 to 400 6.31 X 10-9 -82
400 to 1215 2.51 X l@’ -76

1215 to 2700 . . 1:26 X 10-7 -69
2700 to 5000 . . 2. 51.’x 10-6 ; -56 -
5000 to 8500 1.OQX 10”5 -50
8500 iO 40,000 - 3. 16 X,10-5. . . . ‘ -45

..” .,

3. 1.14.1 For the purposes of this standard, values of spectral power density in dBm/kHz/mete# may be
converted to radiated spectral level (dbm/ldiz) as foflows:

Radiated Spectral Level = (Spectral Payer Density @ 1850 meters)-Gt + 20Mg 1..85 X 103 meters
+ 10log, 4“7r. Therefore, Radiated Spectral Level . (Spectral Power Density @ 1850 meters)-Gt .
+ 76. 4dB,

Where Gt = Gain of transmitting antenna.

3.1.15 Receiver. - A receiver is an equipment or system specifically designed to respond selectively to
radio-frequency energy.

3.1.16 Spurious emission. - Spurious emission is emission on a frequency or frequencies which are out-
side the necessary band, and the level of which may be reduced wKhout affecting the corresponding transmission
of information. Spurious emissions include harmonic emissions, parasitic emissions and intermodulation
products, but ezclude emissions in the immediate vicini~ of the radar emission bandwid~, which area result of
the modulation process for @“etransrnisston of hformatio”n.’ ‘

3.1.17 Spurious respmse acceptance. - A spurious response is any response of a receiver to energy out-
side the receiver bandwidth.

3.1.18 standard test frequencies. - Standard test frequencies are that group of frequencies to which
transmitters or receivers are tuned during the test procedure. Three such frequencies exist in each equip-
ment tuning band, located at approximately the 5 percent, 50 percent and 95 percent points of the tuning
range in each band, and called the 10W, mean, and high test frequencies, respectively.

3.1.19 Transmitter. - Transmitter is defined ,as an equipment or system specifically designed to generate
radio-f requency energy.

. .

3.1.20 Wave@ de cutoff frequenc~ .- Waveg~de c@ff f requency is &at f rkquency below which wave pro-
pagation will not occur in the wavegulde transmission line.

3.2 Symbols. - Symbols are defined as follows:

7 = pufge width at 1/2 power points in microseconds
d = Compression ratio
D = Antenna aperture

.

fo = Carrier frequency in megahertz “
A f = lhe&uency deviation, the pe~ difference b&een the lnetantanem fre~ency of the modulated

wave $nd the carrier frequency in meg~ertz.
. .. -.

, ,,
3 “$ “ ““” -“”” “:” “

.-
. . .

. .
. . . .
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,.’
,,. ,, fbo .= w.aveguide cut~f frequency

.’. A. = wavelength at the fundamental ftiequihcy : : “,: ‘“.””” , ,,
a ,= reduction in receiver sensitivity due to CW signal and pulse signal substitution
Erf = error function

,, 6 = resolution, bandwidth “of‘spectrum analyzer
“A = effective area. of lest antenna
P~ = power density (dBm/m2)

.

PR = received power (dBm)
PSD. =,SpectraJ, power density (dBm/kHz/rn2)
AC = measured cable’ loss

,., .
‘, . . . . . . . .

c .=
,.

“Coupling factor,
Al = Attenuation ‘Inserted
Pose = Oscillator radiation at the plane of reference
w “.= Rotation speed of antenna
.;r = 3dB: antenna- &amwidth, degrees

,. = Response, time of the ~FSVM/recorder system (in xnilliseco~ds,) . ~~ .,:. : j ~
,do = Open fieldtest site distance .,

Ai ., .= Insertion 10ss.. :, , ~ ,.,
Psp = ‘Power level required for MVS at frequency of ‘a”spurious response “’”: ““~ “. ‘“ ‘“
Dc = “Duty cycle.-

4. GENERAL REQUIREMENTS,—., .,,,,,,

4.1 ; Design criteria piaii. -’ The’ ‘pr~mary’ goal of this stm”dard is to”erihance the design of military radar
systems to achieve electromagnetic compatibility and to improve accommodation of expending radar require-
ments within the limited spectrum available. Therefore, when required by the contract or order, ‘the contrac-
tor shall submit to the procuring activity for approval, a plan describing hpw his proposed radar system design
will meet the requirements specified berein. The plan shall, be submiti”ed 90 days after award, and shall in-
clude, but not be .~mited to; the following unless ,o~erwise specified by the procuring ac~ivity:

(a)

(b)

(e)

(f)

Name, resporwibil.ity and authori~ of the individual who will implement the cent ractor’s design
program. ., ‘.

Number and experience of full-time and part-time radar” design and electrorn~netic compatibility
personnel assigned to the program.

Organizational char$ of all program personnei.
Design aspects of the system as related to the requirements. specified herein.. Specific items to

be discussed include:
(1) general design philosophy and reasons for the proposed approach;
(2) anticipated problems and proposed methods for solution; “
(3) methods of implementation of design.
Detailed description of facilities, on hand and to be procured (identified separately) that will

enable contractor to determine compliance with ‘tie requirements stated he rein.
Methods ,of accomplishing design reviews with subcontractor. “‘

4.2 Test plan. - When required by the contract or order, the contractor shall submit a test plan to the
procuring activity 45 days. prior to the start of testing, detailing the tests he wiIl perform to determine com-
pliance with the requirements specified herein. Any modifications to tie test procedures specified in the ap-
pemtix to this specification. for the particdar syst~m shall be ‘fully described and justified in the test plan. Ap-
provalof we ,test plan shall precede the .stati of formal testing.. ~Changes.’tp the test..p~ ~curring after the ‘”
start of testing wi~, require Government approval, and shall tie recorded in the test report (see se$t:on 5). The
test plan shall be documented and shall include but not be fimited” to the following:

(a) Test conditions and procedures for the system, and the sequence of operation during the tests.
(b) Im@ementation and application of test procedures , including modes of oWntion, control settings,

monitored points, and so forth.
(c)~ Nomenc@ure md, general characteristics of test equipment to be used. ”“”“” ““ “”

,“

(d) Types..and,m@md.s of ,calibration of standards-and Calculations ~o’show ‘expecte~ accuracy of each,.
.. ... ‘” (e) @mmY.l@ad% :filters; dummy atitenn~j sigr@ samplers, X9 so foti~ to be;tised.’m: their. ~. ~”. . . ,. ...,de~c~@9n&. .’ ,“,. ‘ -. “’”’.,.. “;.,. ‘ . ... “,” “. ,., . ,,, , .,,

.,
(f) Readout ‘&id;detector functions to”be u“sed. ““”. ‘. ~. -. ., . . , :, ..-

,., . .
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Details of test setups, test site proc&iures, and so forth. .Maxirnum use of photographs and
drawings 1s required.

Expected accuracy ofmeamrement~’ - .- *“ : “ ““ “ “ - . ..
Nomenclature and description of test sample.
Personnel required, both des&nated Government representative “and the contractor.

--.”4.3 Testing poli~ .- F&far systems identical tothose.which were ~reviouety tested in accordance with
this document, found satisfactory, and accept~ may requireretestfng.A copyoftheprevioustestre)ort
orreferencethereto, or the Government’sletterofcompliance,withanadequateabstractshaLlbeforwarded
bymanufacturer’slettertotheprocuringactfvitytodeterminewhethertestingisrequired.

4.3.1 When a system requires modifications to comply with this standard, retesting shall be required to
the eatent necessary to determine compliance wtth the requirements of this standard. Modifications to that
system which are necessary so as to conform to the requirements of this standard shall be incorpotied into
all radars of the lot.

4.4 Furnished equipment. - Unless otherwise specified In the equipment specification, ‘When Govern-
ment - l%mnished Equipment (G FE) contractor-furnished equipmen~ or commercial “’off -the-shelf” equipment
is used in a radar system, the contractor shall make the necess~ modifications to these items to assure

compliance of the final system and for end. product with the requirements of this standard
.

4.5 Responsibility for testing. - Unless otherwise specLfied, the contractor is responsible for the per-
formance of all tests and compliance to the requirements in this standard The contractor may utitize his
ownfacil~tiesorthoseofanycominertiallaboratoryacceptabletotheGwernment. The Government reserves
the rightto perform any tests in this standard when necessaxy to assure supplies and services conform to the
requirements. The test shall be witnessed and verified by a Government representative. Evidence of its
verffkatlon shall be included f.n the test report.

4.6 *sign control parts. - When additional parts are required so that the radar system will conform to
the requ~rements stated herein, even after careful design procedures,parts shall be used that conform to

the environmental requirements for the system as specified in the contract. Separately installed and ex-
ternal components shall not be US- unless specifically authorized by the procuring activity.

..

5. REPO~ING FORMAT

5.1 Standardization formats for data reporting are shown in the appendix. ‘I%e formats embody the
minimum data that am? required for each measurement delineated within this document. The data sheets serve
as a guide only: Other information to be included in the test report is specified hereinafter.

5. L 1 Nominal radar data. - The nominal radar characteristics shaU be included in the test report.
The data to be included is shown in table L

5.2 Detailed identification of al,f measurement and calibration instruments, and pertinent auxiliary
equipment used in the performance of these tests, including data on i,nstrumentat ion accurach?s. calibration
dates, staMlities, bandwidth, measured filter insertion IOSS vs frequency, and attenuator and coupler cbar-
act erietics across the applicable frequency range shall be provided.

5.3 A description of al 1 laboratory @st }ayouts, and all field test deployments, inchdhg plans, drawings,
and photographs,- where applicable, shall be presented in the report preceding the tabu@t$d data., ~put and
output terminals and all test points used for these measurements shall be identified, “ . ‘” . .

5.4 A description of the measurement Iocat ion terrain by topographical map, and any pertinent features
(mountains, buiidings, and so forth) which may influence the measured data shall be provided. The geograph-
ical location of the measurement site shall be recorded on the topographical map. Photographs presenting a
360-degree panoramic view taken from the location of the equipment under test shall be presented.. .

5.5 All initially recorded test data, plus sample gatculatio~ employing actual measured data to s@w
how the derived data were obtained shall be pres&n@d with each rneas-uremerit. Comparis@ & measured “
data with “t@oretical calc~lations (see sample calcu@tion sheet, tile ~ and ~lanationof variatto~ s~ “
also be fncluded. . .

. .
. . . ...-.. . . . ..- ,.

5.. :,
.-

. . . . . .’
i -.

. . . . . . .
,.. , . .

. . . .
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5.6 A list of all failures that occurred to the equipment involved in thq measurement program during
‘the test period, and a description of the checks made to determine the condition of. equipment performance
following repairs shall be presented.

5.7 Other information relevant to the test program which may affect measurements, such as peculiari-
ties engqyntered in 6qi~pment performance, difficulties in performing tests;, general weather conditions; and
descriptions “of measurement @ocsdures, shalI be presented. If any measurement cannot be carried out,
reasons why and efforts to surmount the problem shall be discussed fully.

.

.,. .

.T%Me I -~Nominal. radar data. : : .

,TRANStiTi3RNOMENCLATIJR.& ~~ ,’

SER.kL’NO. ~ WUFAtiTURER :

:PO~ER OUTP@,:. (Avg. ) “w?~s; (~e+’” ..” . ‘“”: ,’, .,, .. . ;watts ~~
.,, . . .. -.: .“, ,

+RE&&Nt3Y& “’ .,to “MHz,. . . . . ., !..’,., .. . . .. ,”,..., :...,,; ..’ . . .. . .,. , ,. ”.. . ..-.-’ .,, ,.. ,., , . . .. .
‘PULSE%DTH:. “ ““ :s ~ULSE REPEITITON FREQUENCY ‘- “ “pps ~

REMARKf?x ,.

., ..

REcmvER iioMENctiTuiftE
,. ,.

SERIA~ NO.” TYP!& ,,.,.
sEkmmT.m ~ — dbm, NOkE FIGURE: ~ db

RF PRESELECTOR 3-db BAN-H: MHz

LOCAL OSCILLAT& FREQtiCY First Conversion

Second Conversion MHz
,, ,.

Third Conversion MHz

,lNTERMEDIAT’E FREQUEN~. First Conversion MHz

Second Conversion MHz

Third Conversion ‘MHz

iF3db BANDWIIY1’H

~ENNANoMtictiTu~ ,’ “ . ..
,.

,,... .
sE~~No.”’ ‘ , ~ ,,~ypE’ .’.. ‘, , ‘“ ~~ :

DIMENSIONS Hertz. - fe&, Vertical feet

BEAMWKDTW. Hertz. “degrees, Verttcal degrees

.,

.,,

Gain @ “mid-band .freq ~ _db ,.POLAf@AT~ON,.’. “ .“ “.’ .’;.. . . . ,:,,,, ,
,, ’,, ,,,- .-. ,

ANT*AMovEm ”Horizotil “’ ‘, .,,’-, ‘ ,rpm -.,,’ : ,, “ ‘. “ ,,,, ,, ,:
.,. ..’. ,. ..’ .’ -

ANGULA@J@TS:” - H;&.. , ~~ ., ~ “ Veriical : .. . . .
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Table XI - Theoretical calculation ‘sheet. .

Nomenclature “” ‘
. ..-... . .

~pe of @tput Tube (Magnetron, Tetrode, and so forth) __—. .

Fundamental Frequency (MHz) ——. Pulse Repetition Rate (PRF)

Peak Power (Pa Average Power (Pa)

Pulse Compression Ratio (d)
. . PuLse Width at l@ power points.. ‘

Duty Cycle (Dc) =~. Gain of Antenna (Ga)

Peak Power (dBrn) =, 10 log (Pp/lo-3) = dBm

dBm/ltie at fO = (Conventional Pulse) = PPXD; = Pp (d”Bm) + 20 log Dc =

(Compressed Pdse) = Pp X&c = Pp (dBm) + 20 lcg Dc - 10”log d

Linef3/kHzbalidwidtb = 1 kHz/PRF= . . lfnes = 10 log (lkfiz/PRF) . _dB

dBm@fz (Spectral Density) = dBm/line + lines /kHz(dB) =

dBm@z /m2 at 1850 meters for an isotropic antenna = dBm/kHz -76.4 dB .

dBm/kHz/m2 at 1850 meters forequipment antenna = dBm/kXZ/m2 (isotropic) + Ga

=

REMARKS:——

5.8 A system block dfagram should be furnished, identifyi~ the plane of reference em~loyed for the
tests, as well as all other signal injection and monitoring points. Tho6e controls whose settings zre sig -
rdficant to a particular test shall be identified and the control positions during the test shali be designated,
Such 6S “8St tO pos~ti~ S, “ “turned fully clockwise, “ and so forth. An adequate description of the system
o@ration shall be fncluded along with peculiarities that are not normally encountered. The setup for each
measurement shall be presented ‘in block diagram form, depicting the specific input terminals, output ter-
mfnals, and test equipment interconnections. ,

5.9 All measurement photogm@s shall be at least 2- lfi by 3 inches with the recticle lines clearly
visible and wfth each line wc~tely @ibrated. Where measured data are not clear, larger photographs or
higher resolution photographs are required.

6 LIM3TS

6.1 Unless atherwtse specified by the procurhg activio, tie requirements specified hereinafter shall be
adhered b for all aew military radar qystems.

. .

? .-
., -. .-,.. “..

. . .
,

.’ .“
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6.2 Hadartransmitter frequency tolerances.- &dars<tfiat arecontrolled by crystals or equivalent
methods:

““ Fre@ency ra~e “(M%) Tolerance (parts’. per 106) .,

(.,

100 to 960 + 50
960 to 4, 000 + 100

4; 000 to’ 10,000
—
& 250

10, 000 to 30,000 ~ 500 “.
30, 000 to 40, 000 + 1, 000

6.’2”1 All otier. radars shall meet .thefollowing frequency tolerances: . ‘ “.. , .: . “

Frequency range (MHz) ., Tolerance., (parts per 106)

100 to 960 + 250
960 to’ 4, 000

,—
500

4, 000 to.lo; 500
., .,..

,.,’ ,, :1,250
lo,500”to 30,000 ,“ ‘ “,, .
30, 000 to 40,.000

,, L2 ,500 ‘
~ 5, 000,, . . . .,,

,, . . . .“ ., .-; ,“”. , . .. .

Frequency or phase shift radars shall meet the above tolerance requirements as appropriate at the upper and
lower extremes of the frequency - band shift.

6.3 ?vfaximurn allowable radar emission I&.ntiidth. - ‘tie radar ernissi~n bandwi&h (a; definedin j- 1. 14)
employing the followipg types of modulation shall not exceed the limits indicated ~

Maximum allowable
Type modulation Radar emission bandwiti(MHz)

Pulse

Modified Pulse (chirp, matched
fiIter, puke compression and
pulse stretch type radars)

.“a’ .’:”.
t’

.20d 1
1

or 1/4 percent of f.
T (whichever is greater)

.. . .
Pulse Doppler 20

1

,..

-Z-

Cw 3 x 10-* f.

FM/~ 2A f+3X10-4fo

6.4 kdar systems tunability. -
,.

The frequency band of the radar shall be the band approved for the speci-
fic equipment by the Jotnt Frequency Panel, United States Military Communic~ion Electronics Board and shall
be specified in the contract. ‘Radar systems shall be capable of beirg tuned bver this’ approved band or a ‘band
of frequencies at least as great as, 10 percent of the midb~d frequency: Radar systems “may be continuously.
tunable, or have the capability .to tune in discrete steps of no More than 2 percent” of the operati”hg fre~uency.

6; 5 Anteria side lobe su~pression. - Tie first major antenna ‘side lobes shall be dok at ‘least ’20 db
from the m~am, tid~~~~~o~shall be at least 30 db down from the main beam.

6.6 Radar transmission spurious radiations. - All radiated emissions not required by the radar to pro-
vide its services shall be held to a minimum. In no instance shall the spectral level outside of the maximum.,

,.
.,’ ,“

.,
. ... . . ,:.

.. . . .

,,.
.,,. ,. ..’”
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allowable radar emission bandwidth (see 6. 3) exceed the following values, when we center of the carrier fre-
quency, f. is within the fr~uency orange show ..

.’-
. . .

.. . . . . . . .
. . . ... .

Limit of spectral level
(within fre~$z;y range of) (at the transmitter antenna input)

(milliwatts/kHz) (di3m/itHz)
—— —----- —. --- !.”.. .. .—. . . .. . .-

100 to 400
400 to 1,215

1,215 to 2,700
2,700 to 5,000
5, 000 to 8,500
8,500 tO 40,000

6.7 Radar receiving system. -

6.7.1 The radar recehing system:..
!.

Type modulation.-
)

,. Pulse .
Modified Pulse
Pulse Doppler
Cw
J?M/cw “

6.31 X 10-5 -42
2.51 x 10-4 -36
].26 X 10-3 -29
2.51 XIO-2 - -16
1.00 x 10-1 -lo
3.16 X 10-1 5.

.

required acceptance bandwidths are specified hereinafter:

Required acceptance bandwidth

.
20/t
20d/t
20/t
3 x lo-4fo
2Af + 3 X l&4fo “

6.7.2 R. f. preelection shall be employed except where broadband front ends are requisite operationally.

6.7.3 The stability of receivers shall be commensurate with that of associated transmitters.

6.7.4 Radar receivers shall not exhibit any radiation in excess of -67 dBm:
fnput terminals.

7. NOTES

7.1 Intended use. - When this standard is referenced, the fo],Iowing data will
:Y&w%c in order to comply with the requirements specified in the standard.

(a)

(b)

(c)

(d)

(e)

.,, . ..

. .

measured at the receiver

be required to be furnished

Requests for proposed should contain all information required by the procuring activity to be
furnished in accordance with this standard.

The contractor will flmnish a design criteria plan 90 days after contract award describing how
his proposed radar system design will meet the requirements of this standard (see 4. 1).

The contractor will submit & test plan 45 days prior to the start of testing. d$ailing tests to be
performed.

Previous test reports or Government letter of compliance will be furnished when required to
determine whether identical systems require retesting.

A test report wili be submitted for evaluation by the procuring activity to determine conform-
ance with this standard.

9
. . . . .’. .“ . .

..

.
.“
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7.2 International standardizationag reements. - Certain provisions of this standard are the subject of

,, intonational standardization agreement (International.. Telecommunications Union F@dio R~lations)., When
amendment, revision; or cancellation ‘of this standard is proposed which wilI affect or violate the interna-”
tional agreement concerned, the preparing activity will take appropriate reconciliation action through inter-
national standardization channels, including departmental standardization offices, if required.

. Custodians:,.
Army - “EL
Navy - SH

AirForce- 11.
.,,,

Review activities: ~.

Preparing activity:
ivy - SH
‘reject 5800-0001)

,’

Army , EL
Navy - SH, AS,
Air Force - 11

0s

.. ..

. .
..

.<-.“, ,.

,.

,’

..

“10
..

,. ’.. .,.
,.,., ,’.
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APPENDfx

MEASUREMENTS

10. GENERAL MEJUWREME’NT REQ~WNTS
.“

10.1 All measure ments described herein shall be performed using the procedures specfffed herefn or by
fully descrtbed and justified alternate procedures presented in the approval test plan. . .

10.2 Me&uremti frequencies. - Measureme& shaU be ma& at each& the jkree etandad test fre-
quencies tn each tuning W d or the operating frequency closest to the standard test frequency.

10.3 Test sites. - Tesis shall be performed at bc.atfons meeting the rsqufrementq speciffed fn 10.3. L

10. 3; 1 Test site criter~ - An open field or medoic cha@er measurem~ .aite ehalf approximate .free
space conditions such tfy+t the power density (P~ measured at the test site ehoufd be wfthtn & 2 dB of the cal-
cuIa.ted .~ using FrfM equation ,,. . . . .

%

P- ..
PD=4

where R is the horizontal separation between the equipment antenna and the test anterua Any variations
from the calculated power. dens”i~ shall be exphhmcf @ the test report. If the variatton is greater than* 3
dB, tests shall not be continued wfthout the approval of the confictfng offtcer.

10.4 Determination of signal pow er level and frequencies. - A standard procedure is recommended for
determinl@-signal power levels and frequencies which reduce, to a large exten~ the effects of component
changes with time and inherent inaccuracies or instabi,ffttes or both of 8ome of the test equfpment.

,.

10.4.1 Signal substitution technfque. - The technique used M referred to as “signal substitution” and
is perforined as follows: b determining the level of a 8@a~ being measured on a epe.ctrumanalyzer or fre-
quency selective voltmeter (FSVhf), the indication on the instrument (either a vertical deflection or meter
reading) is noted. The source of the sfgna~ is then replaced by a sfgnal generator whose output has been
referenced to a secondary standard thermal power meter. For measurements made with the spectmm
analyzer, the signal generator shall be unmodulated (CW). For those rneasuremen@ made wtth a FSVM
(primarily those in the appendfx 40.3 and 40. 5), the sfgnal generator shall be modulated wtth a pukewidth
corresponding to that of the system under test artd shall be triggered with the pulse repetition frequency of
the system. In either case, tune the signal generator to the frequency of the sfgnal being measured and
adjust for a maximum response on the receiver. Adjust the level of the generator until the response pre-
viously noted has been regained. The level of the calibrattxi generator is then read off the attenuator dtaL
In cases whs:e an external vartable attenuator is used, the level of the signal source is determined from
the external attenuator.

10.4.2 Frequency of the sfgnal generator may be obtained by comecting the autput of the generator to a
frequency counter. In cases where the signal to be measured is shove the frequency limits of the counter,
it is necessaty to convert thie frequency to one which falls with.tn the counter limits. Thie may be done
using a t~fer oscilhtor, fmqusncy converter, and cnixere.

..

10.4.2.1 For frequencies which He within the limits of the transfer oscillator or frequency counter,
usually between 10 MHz and 12.4 (X-fZ, &e procedures for determ~ frequency shall be as described in
the operating instructions for the instrument. For frequencies above 12.4 GHz, it wili be necessary to mix
the signal source frequency with a harmotic from a signal generator whose fundamental frequency lies withl~
the frequency Urnlts of the transfer oscillator/frequency converter. F@.re 1 iS a block diagram of a typical
setup for frequency measurement. witi this meth@ the mtier _ iS fed to an audio amplifier to provide
sufficient sfgnal level to be observed on an oscilloscope. The frequqncy of the sfgnd generator is varied
until one of its harmoidcs (predetetii.ned) mixes with the e@@ source, providlbg a zero beat as observed
on the oscilloscope. .-

. .
. . . . . . . .

. .

. . . . . . . . . ., il.. . . .. . “- .:. . .

. . . .,..
. ,“
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10.4. 2.2 After this has been done, switch tti~output of the signal generator to the transfer oscillator/
frequency converter and.determine the frequency of its fundamental.sig@. This value multiplied, by the
appropriate harmonic number, will provide the frequency of the signal source. . ~

. .

10.4.3 An alternate method, which may bc used if an audio amplifier is unavailable, is to replace the
amplifier by an FSVkl (e. g., an NF- 105) and tune it to a specific frequency (e.g. , 100 MHz). By adjusting
the frequency of the signal generator for a peak indication on the FSVM, the frequency of the signal source
may be determined by me&mrlng the signal generator frequency as ‘above. Care, must be taken to assure that
the difference frequency, as set up on the FSV h% is added to or subtracted from the signal generator harmonic
frequency, as appropriate.

20. ~!STRUMENTATION

20.1 Choice of instrumentation shaU be in accordance with good engineering judgernent. employing
equipment that is in keeping with the state of the art and which has been calibrated within preceding 6 months

with calibrations traceable to the National Bureau of Standards. Power level readings shaU be within 22 db.
Frequency measurements shatl be W’ithin 1 part in 106. All external attenuators used shall be accurate to
1 db. The insertion losses of filters, directional couplers, or other sfgnaI sampling devices shall be known”
to*l db. . .

. ...
20.2 “The wav@ide transitions and coax -to-waveguide” adapters used” in the receivec. tests specified in

..:

Section 30 of this appenciis shrill have input impedances of 50 ohms and VSWR less than 1.3:1 independent of
Icmd. The insertion loss of the rfcvice shall be known within 1 db over the frequency range of the device when
it is terminated in the nominal impedance.

.,
20.3 ‘Frequency seiective voltmeters shall be calibrated usf~ the signs 1 substitution method specified

herein. All FSVM’s used in these measurements shall be ynonitored by aurai and visual methods. An oscil-
10SCOPCshall be used a’s a visual indication device in addition to instrument meters. When using an FSVM
with different detector functions (e. g. , Pulse Peak, Direct Peaiq CW, Field fntensity. Quasi-Peak, CW Peak,
and so forth), the :ippropriatc detector function shall be utilized. For pulsed radar systems, a peak detecting
function shall be used.

,.

20.4 When making measurements requiring recovery of the pulse envelope” (see 50.2 of this appendix).
the 3-dill bandwidth of the FSV M shall be su,ff icient to recover at UMst !iO percent of the energy contained
within the pulse. For fixed frequency pulses, the bandwidth, in megahertz, shall be at lc~ 2/7, where T
is the nominal system pulscwidth in microseconds. For frequency deviatei-t pulses (pulse compression sys-
tems), the bandwidth slI~Il be at least 2d/T where d is the pulse compression ratio. Where fine Krain spec -
trum detaik are to be observed (as in 30.4 and 30. 5“of’this appendi.~ the 3-di3 bandwidth sh~li’ be less than
1/10 Y or 2d/t O Y for fixed frequency pulses or frequency deviated pulses, respectively. At preset?t, the
spectrum anrtlyzcr is the only widciy avnilable instrument with a bandwidth narrow enough to meet the .~bove
requirements.

20.5 T’y~jical block tliagrams showing test setups recommended for the performance of tflese measure-
ments are coutained in ea{ h measurement section. Instrumentation is listed IIy equipment type. A table of
recommended equipment is presented in table IH. This equipment, or equivalent substitutes, shall be used
whenever possible. AS new equipment becomes available, the equipment Iist wiU be changed accordi]g:ly.

. .

Table III - Recommended test’ equipment, or cquiv,llent.

ANTENNA. ..—

Stoddart
Empire Devices
Polarad
Polarad
Polaiad
Polarad :. .
Microline .

.Niicroline

M&fel

91280-J
NF-105
CA- L
CA-S
CA-M
CA7X
56Xl .’
56U1 .

Frequency. range
..-

20 to 1000 MHZ
15 klfz to 1.0 GHz
1 to ~. 24 GHz
2.14 to 4.34 c%
4. 19. to 7.74 GHz
7.36 ~0 10.0 GHs
8.2 to 12.4 GHz;
12.4 to18. OGHs . ‘

13 ...,

.-.
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‘Table III - Recommended test equipment, or equivalent (c~t’ d). . ..,,.. , .- ,+:, .’

Equipment

ANTENNA (cent’d)
,,. .
tiCroline “ ‘
Microline
Polarad

ATTENUATOR

Weinschel
.Weiiwchel ,,
‘Weinschel ..~~.
Weinscliel “ ~~ .,
.Wei@che?
W~ins~el :. .:
Weinschel
Weins~hel

ATTENUATOR-VARIABLE
.,,

Hewlett-Packard“’
Hewlett-Packard “:
Hewlett-Packard

BOLQMETER

HewIett -Packar~
General ‘I’$icrowave
IJew~ett-Packard
Hewlett- Packard
General Microwave
Hewlett- Pac@r~
,Gfmeral Microwave:
Hewleti’-Packard
General Microwave
Hewlett -l?ackard
General Microwave

FIELD INTENSITY METER

Empire Devices
Empire IMvices
Empire Devices
Empire &vices
Empire Devices ..
Empire D@ices ,.
StOddart
Stoddart
Polarad . .
PoIarad
Empire. Devices
Empire Devices . .
Empire ,~evic,es’”” .,
Enipire .@Vices,
,&tdd@art”’,. .’., .:.
EM(J, “’,’,,,:;, ‘;’: .
Polarad,”,,’ “ ~ “. .

,. .,.”,

... , .
‘, .,. ,., . . ,. ,,

,’ .,.,

Moiiel““

56KI . ~~
56V1
CA- R

:210-5
210-10
210-20 “
210-20..

50.-5
50-10’ .,.
50-20
50-40

.P382A
‘.K382A

R382A

478A

. ...

Frequency ran&e”.——.

18 to 26.5 GHz
26.5 to 40.0 GHz

For Use with CA-M,. CA-X

N420, ‘421, 422
M486A
X486A

.X420
P486A ‘,. ‘
U420
K486A
K420
R486A
A420

13AfNF- 105
T-1/’NF-lO5
T-2/’NF-lO5
T-3/NF-lo5 ‘ :
BA/’NF-ll2
T.- l/’NF- 112
NM-30A ““
NM-52A
R~BI
RR- 5(plug-in)
T-2/NF-112

T-3/NF-112
T-41NF-,112
T-5,/NF-112 ,’“““
NM-62A’ ““. ‘

. ;K#-910A :

.,,

1 to””10.GHz .:.
1 to 10 GHz

.1 to 10.GHz
ltolo G* ““

.DCto3. OGHz.
~ to-,3 .,0 GHz
-DC to 3..0 GHz
DC to 3.0 GHz

-12.4 to 18 C21z
18 to 20,5 GIiz
26..5 to 40 G13z

10 MHz to 10 G=””
10 MHz to 10 GHz
10..O to 15.0 GHz
8.2 to 12.4 GHz
8.2 to 12.4 GHz

..12,4 to.18GHz
.12. 4’to 18 ‘GHz
18 to 26.5 GHZ
18 to 26.5 GHz
26.5 to 40 GHz
26.5 to 40 GHz

Ba5ic Unit
20 to 200.0 MHz ‘“
200 to 400 MHz
400 to 1000 MHz
Basic Unit
0.9~02. l@lz

“.10 t0400MHz
375 to 1000 MHz
Basic Unit
400 to 1000 MHz
2t04GHz
3.9 to.,7. 2 GHz
4.0 to 10.2 GHz
10 to15 GHz
‘ltolo,GHz ““’,
ltol OG@”-’:’ .,
‘1’.to lo CHZ : .:.. .

... , ..~4. ” “’,.: ., ‘,, ‘.’ ‘,.’ ;,
.. .

,.. ..,...

.,.
,.

,,

,., .

.$
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Tablc III - Recommended test equipment, or equivalent (cent’d).

&uipment “- Model

FRIXJUENCY MEASURING EQUIPMENT.. -. ..-. . . . . . .. ~.-,

Frequency range

. .

Hewlett-l?zckard .

Hewlett-Packard
Hewlett-Packard “
Hewlett-Packard

FREQUENCY DOUBLERS

540B : 10 MHz to 12. 4.GHz
(100 to 220 MHz
Base Freq. )
10 h~Hz: to 12..4 GHz
DC to 50 MHz
50 to 500 MHz

2590A
5245L
5253B

Hewlett-Packard
Hewlett- Packard

,+

18 tO 26.5 $Hz
26.5 to 40 GHz”- . .

938A
940A. .

MIXER-, ,

Narda
Narda
Na@a
HewkXt-~kard
Hewl&t-Packard

. ..-
12.4 to 18 GHz
18 to 26.5 @iz

26.5 tO 40 GHz
10to12.4GHz, . . .
12.4 to 40 GHz

5’19 “ “
518
517
11521A .
11517A

MODULATOR

liewktt-packard 8403A

MODULATOR - PIN

Hewlett-Packwd 8730 Series 0.8 to 12.4 GHz

OSCILLOSCOPE

Basic .UnitTektronix
Tektronix

545
CA Plug-in Dual Trace,

DC-24 MHZ
Single Trace,
DC-30MHz

Tektronfx 53/54K

POWER M~ER

Hewlett-Paclca-d
General Microwave

431B
454A

Basic Unit
Basic Unit

RECORDER

Sanborn J51 With 150/400 P~er
Wpply and 150/1400
Pre-Amp

scientific Atlanta
EsterHne-Angus

APR-20
AW

SIGNAL GENEFUITOR

10to.480”ruHzHewlett-Packard
Hwlett-packard .
Hewlett—hckard .
Eewlett—packard

608D .
612A
8614A

450 to 1230 .JvlHz ~
0.8 to 2.4 GHz
L8t 04.5 GHz . . ,&616A

.15 ,.,.’....,.- .,
. . .

,. . .

.
.!
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Table HI - Recommended test equipme~t, or equivalent (cent’d).
,... .

,.

..

Equipment Freqtiency range , .:Model “-.—

SIGNAL GENERATOR (cent’d)

3.8 to 7.6 GHzHewlett -.Pa”ck’ard
[Iewlett - Packard
liewlett-Packard
Hewlett-Packard ~~

.,”,. .

618f3
620A
626A
628A

,.
7toll GHi ““
10 to 15.5 CHZ
15 to21. OGI~z .

SPECTRUM ANALYZER.———-————

Hewlett.- Packard
Polaraci :

WAVEG~ E A“DAP’~E@_-—— —

851B/8551B
SA-84 WAW

10 .hlHz tO 40 GHz
’10 hlHz tc 40 GIIz

,,. ,

1. 12to 1.7 GI;z
l:7to’2:6GHz ““ ~~ .

‘2.6 t03.95 GHz,’
3.95 to 5.85 GHz
5.85 to 8.2 GHz
7.o5 to 10. O.GHZ “,
8.’2to 12.4 GHz “’

L600B,
R601B “.““”
S601B
H601B
C601B

.W601B..
X601B

FXR .-
FXR-’ -“ . . ~~

FXR “
FXR
FXR
“FXR “..’ ~~
FXR’.

. .. . . . ‘.:,

WAVEGUIDE SECTIONS..— --.—.

1.7 ~02.6 GHz
2;6 to 3. 95:GHz
3.95 to 5.85 GHz
5.85 to 8,2 GHz
8.2to12.4GHz
’12.4t0’. i8 GHz
18 to 26.5. GHz
26.5 to 40 GHz

FXF{
F XR
FXR
FXR
Aircom

.Iircmn

Aircom
Aircom ,

R634A
‘ S6?AA

H634A
C634A
106XOO
106KUOO
I06KO0
106KAO0

WAV EGti E TRANSITIONS

195- I.-LS 1.2t.o 1.7 GHz
1.7 to 2.6 GHz
1.7 to 2.6 GIIz
2,.6 to 3.95 Ghz
2.6 to 3.95 GIFz
3.95 to 5.85 GHz
3.95 to 5.85 GHz
5.85 to 8.2 GI-fz
5.85 to8.2 G1iz
7, 05 to 10 GHz
7.05 to10GHz . “
8.2 to 12.4, @Iz
7.05 to ld Glfz
8.2 to 12.4 GHz
8.2 to 12.4 G]Iz
10.0 to 15 GHz
8.2 to 12.4-GHz ~~
12.4, to 18 GHz
10.to 15 GFiz “.. ‘
12.:4 to 18 ~HZ; “, :

.Iircom

t ircom.,. 195-LS-S

195- S-C.iircom

-.. ”

,,

:’

Aircom 195-C-XC

Aircom 195- XC-BL

Aircom” ,

liewl@t - Piickard

195-BL-X

HX-29213

Hewlett -Pi~ckard MX-292A

195-X-KUAirccnn

,-
Hewl@tt-Pa,cliard

.,...’ ‘,! $,.. . . . ...

.,.

~P-2.92
.

., .’., ,“.,’, .,. ,.”’

,..
:.” .. ...”,: .,. .,”,.’.-

.-,,.. ,, -.,
,,, .

,,16
..” ‘. .,’ ‘.

,,, ,,,, .
.,

.’

.,., “,,
., . . . .

...

.,.,,,

...
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.-

lest equipment, or equivalent (Cont~d).
. .

I&Mel Frequency range—.— .-. —-

wA~’ EGUTIIE ‘f VIA X~lTIOX (cont”d)-—-. . —,, .----

Aircom 195-KU-K 12.4”to 18 GifZ “
18 tO 26.5 GHz

Aircom 195-K-KA 18 tO 26.5 GHz
26.5 to 40 G~iz

30.: RADAR TRANSMITTER MEASUREMENTS

30.1 The radar transmitter measurements described hereinafter shall be performed on all transmitters.
unless otherwise indicated.

30.2 Radar transmitter frequency toleranc~. -—— ,,..
30~2. 1“ Objective: The objective of this measurement. is to determine the frequency stability of a radar

.

transmitter by evaluating the performance data obtained.

30.2.2 Requirements. - All radar transmitters that are controlled by crystals or equivalent methods shall
meet the frequency tolerances specified in 6.2. All other radars shall meet the frequency tolerances speci -
fied in 6.2.1.

30.2.3 The ability of a radar transmitter to remain within the frequency tolerances set wiiJ provide a
more reliable method by which frequency and equlpmcnt fissignmcnts may be made. This test shall be per-
formed in-line, using the system directional coupler or other suitable coupling devices. The procedures to
be used are specified hereinafter.

30.2.4 Procedures. - The measurement shall be made as foIlows: Refer to figures 2-1 and 2-2 for a
typical block diagmm of the test setup for this measurement. Turn the radar transmitter on and tune it 10 a
standard test frequency. Adjust it for normal operation. Connect the frequency measuring equipment to the
coupling device using attenuation in the line, as required. ?i?easure and record the system frequency im -
mtsiiately after turn-on and at 15-minute intervals thereafter up to 4 koyrs. Record the time and frequency
of eat% measurement. Repeat the above teat for the other two standard test requirements.

30.2.5 ~- - The measurement data obtained shall consist of the transmitter frequency. pulseu’idth,
and PRF. Alt data obtained shall be recorded on forms as illustrated by figure 3.

30.3 Radar systems tunability. -

30.3.1 Objectfve. - Tbe objective of this measurement is to determine the ability of a radar systcm to
tune over its approv ed frequency as specified hereinafter.

30.3.2 Requirements. - Radar systems shall be capable of being tuned over their approved frequency band
or a band of frequencies specified in 6.4.

30. 3.3 A measure of tbe tunability of a system is the ability” of its trans’mltter to produce a given mini-
mum output and of its receiver to produce a given m lnimum senslt ivfty over its operating band. Therefore.
the procedures described heretn will be to measure the system Wwer output, sensitivity and frequency at
each of its operattng frequencies. h the case of continuously tunable systems, the frequencies to be measured
shaH be the low, mi~ and high standard test frequencies, as specified in 3.1.18.

30.3.4 Procedures. - The procedures for this test shall be as follows: Refer to the block diagrams.
fMgures 6-1 and 6-2 and 10-1 and 10-2 for typical test setups for power output and sensitivity measurements.

30.3.4. I Frequency. - Tune tbe radar transmitter to one of the operail.ng frequencies (or one of the.
standard test frequencies if contimmusly tunable) and xi.just for its normal operating conditions. If the sys-
tem employs a directional coupler or other coupling device connect frequency-measuring equipment to its

17, . . . . .f. . . . .
. ..

.-. .
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Rfad~r ~ntenn~
--

Riidar
Transmitter

R~der
. .

●- ,H

Directional
Coupler .

—

& Aclqnters

. .

.’,

—1
Oscilloscope

I

<—

r-------l” ~-

~’ ‘ ‘-”

I

I
I
I
I
I

I
1

I

L ———— ..__ __ -—— ——. ...... . ...-_ .._— — -. - _ .,,.-;

Figure 2-2-Radar

. .

tra.nsmitter frequency toler~ce measurement block dia.gram (10-40 GHz). ‘

..

i

Downloaded from http://www.everyspec.com



..

MIL-STD-469
1 December 1966 .-

., RADAR TRANS@TER ,FREQU~CY TOLERANCES. .

DAT’E.i ““
:., ” TfME” “’” “ __—

PuLSEWIDTH MS PULSE Repetition FREQ. _ pps

—~_ —-—.——— .—-—

r

.— ~ —

I

‘L”” ‘

,,

Measured Nominal tuned
T

frequency
AT +Af

Frequency

“[’”

(Minutes) :MHz)(Mffz) ,.. F. ..:.,. ,. - - “ ,, _

,,

.,
.,

:. .,,.. .“, ,- .,.

..

I I

.,,
F@re 3“– Sample data sheet .’

(Radar transmitter frequency tolerances).

incident port, using additional attenuation in the line,
if required, to protect the test equipment. Measure

and record the tuned frequency of the radar transmitter.
ff the system employs a dummy load, it may be

necessary to connect the test equipment to it to perform this test.

30.3.4.2 Ptier output. - Remove the frequency measuring” equipment and connect “a calibrated thermal-

type power meter to the incident port of the system directional coupler,
inserting additioml precision atten-

uators”, as required, to protect the measurement equiPnlent~ Measure and record the power meter readtng,

the coupling factor of the, system coupler, and the attenuation inse tied in the line. ” ff measurements are n]ade

,, from a dummy load, record its attenuation.’ Repeat the above measurements for each,”of the operating fre-

quencies or for the’ three standard test frequencies if the, system is continuously tumble. ‘”

30. 3.4.3 Sensitivity. - Tune the radar receiver to one of the oper~ting frequencies specified in 30.3.3.

Measure the sensitivity of the system using the test equipment and procedures specified in 30.4. The test
signal shall be modulated using the system pulsewidth,

and shall be triggered by the system trigger. The

st@aid response shall be MVS. , R&peat the sensitivity measurements for each of, the test frequencies
.“specified herein. .”

,,, , ,.

,. ,“.,,. ,.,.. ,.. :,.,,.
..,’ . . .

,.,
.?~. “..,, . “ .“ . .,,. . ,’. . ..’. .,

. ,.
. . . . ... ,., . . .. .. . .. . . .. . . . .....”. .’ .,.’ ,’.

. .. . . ....,. , .. ,.’

.,. . . . . ,, .,. .’
.,’, :,. ,,. .,,,.
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30.3.5 Data. - The data obtained in this measurement shall consist of power meter reading, signal sam-
pler coupling=or, attenuation inserted,. and measurement frequency for the power output PC@@ and sig-
nal generator output level, attenuation inserted, cable loss ‘id measurement frequency for the sensitivity
portion of the measurement. All data shall be entered on data sheets of the form illustrated in fiires 4 and
5. SampIe calculations to obtain the transmitter output power and receiver sensitivity follow:

Sample Calculation - Power Output—.-
Measured ht~

—— . ..———

Transmitter tuned frequency: 3650 MHz
l?ulsewidth (pW): 2.0 microseconds .
PRF 300 ppS

Power m~ter reading (Pm): -5.5 dBm
CoupIing factor (Ac): 52.0 dB
Attenuation inserted (Al): 10.0 dB

The average .pcnver output is calculated as foilows:
t

Y
=-5.5 df3rn+52.0 dB~10.0dB -
= 56.5 dBm

The peak power output is determined from the duty cycle using the relationship

.
P* = Pavg + 10 1% (PJJ) {PRF)

where P*= peak power output, dBm,
1

pm = 56.5 dBm + 10 log(2. 0 x IO-6) (300)

= 56.5 dBm + 32.2 dB

= 88.7 dBm

%mple Calculations - Receiver
Measured Dati

. ——

Receiver tuned frequency: 3650 MHz
Pukewidth: 2.0 microseconds
PRF 300 ppS

Signal generator level (Psg): -55.3 dBm
Attenuation Inserted (Al ): 50.0 db
Cable loss (Ac): 3.5 db

The receiver sensitivity (MVS) is calculated as follows:

~s=psg-%-Ac dF3m

=-55.3 -50. O-3.5dBm

= -108.8 dBm

,-. . 21 .,. . .+

. .
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,,.
,,. , ““..&~E~TuNABI~Y , ,., -’ ;.,,.,,. ’.. ,..-., ., .,’ . . . .,.’” .

Power output ,.

,., ,
DATE ,’”,, ,,; T~E. . . .

PULSEWID’IW w PuLSE REPETITION F_UENCY -—————— pps

—

‘7coupling
Factor

(dB)

,,,
,,. . .,’

Frequency,
(MHz)

Power
Meter

Reading
(dBm)

,.
Attenuation ““

inserted
“Peak(dB) Avg.

,,

,.

,,-., .,

--
,,,,.,. ,”,

.... ......

Figure 4 – sample data sheet
(system “tunability, Per o@@.

,..

sYSTEM TUNABIL~Y

Sensitivity

DATE TXME ,.

PULsEWIDTTi PS PULSE REPIBITTION FREQUEN~ pps

I
Generator

Qutput
(dBm)

Cable Attenuation
Loss Inserted
(m) (dB)

sensitivity
(MVS)
(dBm)Frequeiwy

(MHz)

,. ,,.,
.“ ,.,

,.
. “. ,.

.,
,.

,,
.,. .. -6,5- &mple d&eh&eL

.,~. ,. .,. ~~.“ (S@?rn -lity, “s?*itivi&). :
,..

,., . . .. ‘,. , .“,

,,. ” ‘-. .
,,

,-,,.. . ,.. , . . . ....
... . :22 ”.. ““”’

. . . ,“
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30.4 @alar emission b~cfwidtn. -

.-

. . .
30.4.1 “&jective. -

.. . . .. .
The obj ec{,ive of ~his’ test is to”.dete;rnine the raitkr emiss<ion bandwidth ~ defined in

3.1.14 by measuring the spectral powi?r density at the acceptable test site and test site distance and extra-
polating this level to a distance of 1850 metm-s from the radar.

30.4,2 Requirements. - The spectral power density at a distance of 1850 meters from the radar antenna.-.
shall be not greater than those vaiues specified in 3.1.14 at frequencies removed from the radar operating
frequency corresponding to the ends of the maximum emission allowable bandwidth specified in 6.3.

30.4.3 Procedure. - The procedures” for &is test shall be as follows: Refer’to figures 6J1 and 6-2 for a
typical block-m-for this test. This test shall be perform+ as an open-field test, with the test antenna
located at a distance, as defined in 3.1.2.

30.4.3.1 Tune the radar to a standard test frequency and adjust its output to the nominal Ie;lel. Meas -
ure ~d record the transmitter power at the start of this test and at intervals of 30 “minutes or le.Ss. Th@
o@@ POw@r shall k m6mr@f using a thermal-type power meter” and an appropriate signal sampIer.. The
system directional coupler shall “be us- M available, A power meter with a recorder mitput is desirable to
permit recording the level of the transmitter power output providing a permanent record of any power fluc-
tuations occurring during this test.

,. . . .
.

30.4.3.2 After adjusting the radar transmitter and measuring its output power, align the system and
test antennas for maximum signal transfer as follows. The test antema shall be elevated to a height at which
the electrical centers of the, two antennas are aligned. Polq.rization of the test an@na shaU be the same as
that ofthesysternantenna.Withthetestantennaconnectedtothe‘spec~rumanalyzerthroughtheappropriate
transmissionlineandcalibratedattenuators,asrequired, tune the analyzer until the radar signal spectrum
appears centered on the analyzer display. Adjust the analyzer controls and external attenuators to provide
an on-scale indication. Once this is accomplished, ascertain that the system and test antennas are aligned in
azimuth, elevation, and polarization for maximum signaf transfer.

30.4.3.3 Adjust the analyzer bandwidth control to a value in accordance with this appendix, paragraph 20.
Adjust the dispersion control of the anaiyzer to a value corresponding to.the maximum allowable radar emis-
sion bandwidtb, as specified in 6.3.

30.4. 3.4 With all other analyzer controls set in accordance with the operating manual of the instrument,
photograph the spectrum analyzer ~splay using an oscilloscope camera.

30.4. 3.5 Remove attenuation from”the line and re-center the display, if required. Photograph the dis-
play. Remove oniy enough attenuation to provide a signal of approximately 6 dB (linear analyzer display) or
10 dB (logarithmic display) above the noise at the portions of the display corresponding to the end frequencies
of the radar emission bandwidth.

30.4.3.6 After the photographs are taken, caf.ibrate the display of the analyzer as follows. Comect a
calibrated signal generator to the spectrum analyzer and with the generator set for a CW output, tune the
generator to the center of the analyzer dkplay. Adjust the output level of the signal generator to produce a
display with an amplitude at the top horizontal graticule line. Record the signai generator output level. Re-
peat this procedure for each horizontal line. Measure and record the signal generator frequency using the
procedure specified in this appe~ section 10.

“ 30.4.3.7 Retune the sfgrmi generator to the center of the analyzer display and adjust the output ievel for
an amplitude corresponding to the center horizontal line. Tune the signal generator frequency so that the
display is coincident with the rfght-hand end of the analyzer dlspiajj. Increase or decrease the signal gener-
ator output as required to regafn a mid-scale vertical deflection. Record the generator output and fre-
quency at this point, then tune the generator to the left-hand end of the display and repeat the process.

30.4.3.8 The values thus owed will enable calibration of the photograph for amplitude, frequency,
and spectrum analyzer gain linearity at the center and either end of the ,display. fn order to obtain the spec-
tral power density of the sfgnal as measured on the spectrwn analyzer, in df3m/kHz/m2, it is necessary to
know the resolution bandwidth of the analyzer. This may be obtained with sufficient accuracy as follows.
With all analyzer controls uncharged, connect the signal generator to the analyzer and tune it to the center
of the disp3ay. With a CW outP@ obtain the signal generator output level requhxf for a mid-scale “vertical

23‘; .“. .
.-
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disp~ay. Record .this value. Modulatet heoriginalg enerator output with .a2.07microsecond pulse at the SYS-
tern PRF and center, thedisplay onthe, analyzer. ~creasethe, output of the signal. generator until tie display ,,

is” at the same amplitude as was rneksured with the CW signaL: Record this level. The resolution bandwidth
may then be obtained from the following relationship:

~. (dB) = 20 L{ [Erf 1.33 !~~)]
,,

Erf’1. 33 (~ )“= Log-l ‘/20

where: .
..“ ,.. ,,. .,“,

~ a (d’B) = reduction i]l”sensitivity Gtitwe:n CW signal (PI) and Pulse ‘i~nal (P2); ‘hat “is,

pI - P2, dB. This will be a negative n.umbe~.

Erf
,.

i error f~ction

Once the resolution bandwidth is known, the spectral power density may be determined per kHz of bandwidth.

,. SO*4.4. ‘~ta. - The data obtained in this test shall consist of signal generator output level, insertion 10SS.-—
and, test antenna effective area, orierit,at~op of sy”stern and test antefi-’.as. Photographs of the fundamental sig-

n“ai spectrum shall be calibrated and”presented with the data. All data will..be entered on data sh~ts of the

form shown “in figure. 7. A sample calculation to obtain the spectral power density in dbm~Hz/m ‘O1lOws:

Sample calculatiori
MeaSured data:

Transmitter ”tuned frequency: 3650 ,MHz’
..

Pulsewidth: 2.0 microseconds .:
PRF: 300 ppS

Frequency at high end of allowable emission bandwidth (f. Y ~TQ)3655 MHz
Signal generator level (Psg) measured at 3655 MHz: -80.0 dbm
Measured cable loss (+): 3.5 d$
Atteriuation inserted (Al): 60.0 db

,,’

Spectrum analyzer resolution bandwidth: 10 kHz

The signal power density (in a 10-kHz bandwidth) is found from the relation:

PD=PR-A

where:

PD . ‘~wer density, dbmlm2

.PR = received power (dbm). = Psg + AI + Ac

,.. .

A = “effective area of test a?ten~; @?/m2 “- ~~.,,

A = 3oo/f~@

A =20 log 300 ‘+ $ -“20 @ fMHz -10’ 1~’.:~, ,:
,“,.”-.,,

..,, ., “2!4 ,

,,

,.
‘,’. ,,

... ...

,,
. . .. . . . . ,.

,:. , ,,, .
. . . .. ..” “., ..’

.,

,.

., ,.
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where: .-

c~ =gainoftestantcnna cwcrani sotropicantenna, d! “ “ : .
,. .’. .’

fiMIf7. = frequency of signal, megahertz

Simplifying this equation,

A =GT - 20 @ fMHZ . 38.5 df3&12

Using these data with ~ = 1,9.0 dB, . .

A =. 19; O dB - 71.3 dB” + 38.5 dB/m2 - ‘ “

= -13.8 dB/m2

PD = PR - A dBm/m2
.. . . .,

and . .

PR= -80.0 dBm + 60.0 dB + 3.5 dB . .“
-

= -16.5 dBm

PD = -16+5 d?h - (-13. 8 dB/m2)

= -2.7 dBni/m2

To convert this value to spectral power density in units of dBm/%Hz/m2, the relationship

PsD = PD - 10 log # is used

where

PsD = spectral power density, dBm~Hz/m2

B = resolution bandwidth of spectrum analyzer, ICHZ

PsD = -2.7 dBm/m2 - (10 I& 10)dB ‘ “

= -12.7 dBrn/kH.z/m2

This value is for the spectral power density as measured at the open-field test site. To refer tl?is value to a
distance of 1850 meters, the following correction shall be used

p~D (testsite) = p.@ (~ naUt. mile) . D

where D is the correction factor, in dB

D= 20 log do/1850

where c1is the open-field test site distance in meters (200 meters for this example)

D . 20 log 200/1850 dB

:-19. 4d13

. .

25

.,- . . .

.,
.
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The corrected spectral power densiwat f. + 10/Tis, therefore,
,, ,.

Ps~ (1 naut. .rniIe) = -12.7 .d’Brn~fi/m2 + (-19. 4) ~B: ~ ‘“ ‘“ “ ~‘ :

,.

(.

= -32.1 dBm/kHz/m2

This value shall be recorded in the spec$~al power density column OnIhe date form.
,.. ,.,

30.5 Rldar transmitter spurious radiations. -

30.5.1 Objective. - The .obj ective of this test is to, measure all radiations’ emitted by. the radar transmit-
ter under test over the frequency range specified.

,,

30.5.2 Re uirements. -
~

All emissions outside of the maximum allowable radar emission bandwidth
specified in 6.3. shall ave a spectral level below the maximum values specified in 6.6 for carrier frequencies
within the ranges shown at” the transmitter antenna input.

30.5.3 l%e radar .tran”smitter spurious radiations test involves a determination of the powkr versus”
..

frequency characteristics of a trusmitter throughout its freq~encY range with the ‘xcep~on ‘f that poriion ‘f” .-
thespectrum cov,er,@in.30.4, ,. ‘ .: , } . :. ‘: . .. ‘.. ,. , ,:. ., ‘, ,. ..’

30.5.4 Procedure.’. Measurements shall be made as follows: .Refer to figures,8-1 and 8-2 for typical’
block diagrams of this test. This test is to be performed in-line. Tune the radar transmitter to a standard
test frequency and adjust its output power to the nom@al level.. Measure and ,record :~e transmitter power
at the st~rt of this test and at intervals of 30 minutes or less ‘(moreyfrequently’ if a noticeable change occurs).
The output power shall be” measured using a thermal-type power meter ~d an aPP1oPTiat: signal samPler..
The system directional coupler shall be used, if available, and shall be calibratedover the “range of frequen-
cies measured.

30. 5.4.1 After measuri& and recording the output power, connect ,a spectrum analyzer to the incident
port of the directional coupler through the appropriate transmission line and calibrated attenuators, as “re-
quired. Adjust the analyzer bandwidth control so it is less ?han 1/10 T wheie”T is the pulsewidth (2dl10 T for
pulse compression), and the other controls in accordance’ with the iq~trument operating inst~ctions. Tune,
the analyzer until a inaximurn indication is achieved on the CRT. Measure and’ record the level and fre -
qUf31CJ7‘of the fundamental output signaI of the radar using the substitution. techniques, as described herein.

30.5.4.2 TWe We analyzer. above the radar tuned freqgency to a fretiuency correspondi~ to the upper
end of ~e emission bandwidth. Remove all externaI attenuation and insert the appropriate filter’s (notch re-
jection, high-pass or bandpass) preferably waveguide “sections with fc9 above f. to reduce the possibility of
the radar’s fundamental frequency power causing spurious responses m the analyzer.

30.5.4.3, After this has been accomplished, tune the analyzer above the radar frequency. Each time
a spurious transmitter output is found, adjust the input attenuation and/or analyzer sensitivity to produce a
convenient indication. Measure and record the level and frequency of each’ spurious. emission, as specified
herein.

30.5.4.4 Once the upper frequency limit has been reached (40 GHz unIess otherwise spectiied), tune.
the analyzer to the frequency corresponding to the-lower frequency of the maximum MlowabIe emission
bandwidth and begin the scan for spurious em issio,ns below the ,radar operating frequency. The entire scan
will be performed for each of the three standard test frequencies.

,,, . .

.,
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.

.,.,
.,

‘,..,,

30. 5.5 ~,~t:~.- The dat.t obtained in.this test shall consist of sii:n:ll ~enerator output, insertion loss,
coupling f:ictor. ~+ll,datas]l~]lbe entered ona [jata shcetof the forlll.sill.~~~rn.il~’figure9. A samPle ca~cula-
tionto ohthin tie spectr:ll level in rfbn’kH’z follows:

.’,“

‘~!..ill:$,)l);ttedtullcd frequency: 3650 h.llIz

I%[s;w’i’lth: 2.O”l,i’i(:r3sect?]l~ls
T>~{f7. ,’;II!I pps

S1-)’,lriwl, iyequt’nt:~”: 5225.1, LIIIZ ,..
~iy,?>al Cellerilt{]r l.?vel (l?s[l): -.<0 ‘Mm.

?iri:;tsurecf cable IOSS ,(AC): 5.-5 dB
:Menu:tt ion inserted (Al.):” O clf3
Cwpli]ig t’~ctor (C):. 55 dfT
Spec’trul?l analyzer resolution l>qldv:idth: 10 kflz

.,,’,
si~;n;ll ;mwer ,le~;el in dBm, is:

p .: Ps; * ‘At. ..: .,1 !- c .,-, ...,-.,“.
.50. 0+5:’5 -0+55.0 “’

. .. .
,.

. .. . . .“.

:: 1(1.5 Cffitnl

“’e~is is the ‘Iei-el mizsurei-t with a riweiver bamlwidth of 10k Hz. ‘~,..jconvert I.his level into p~ak spcctr:il

lWPI ill, df3~i,l/kF1z. t!le f~.’)llowing rel:it ion shall be use(i:

= 10. 5dElm ~ 10 kg 1!) dfl

{).5 ciEhilAi!Iz

1:.;cdi;’ers Qf tllc tluterud’{lle 1ype ire .11S0 c:i])NJl[+ ~.f respond il!g to .~<mils at [:c<iuencies il::Jt il.i-e i.+>fati ~1ly
LIII ri+moved fr{l[il the receiver tuned f~equenc:i. Th.:se responses ,i-ie olten iunct imw ~;f ilk erna 1frequencies
irdlcre’rlt within {he r+ceiver, cymtjinirltt with kl eitemal signal. in :wuh a manner as to co.1.lse a spurimis
response. f’o (Ietermine, the rece”i,ver, response chafacteristies to, ftisquencies within the range specified,, “the, .

following p,rocwk]res SI1311Iw frrllr);wx~. :,,
. . ... ...

., .,,. . . .
.,- ,.

.“. .
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40.2.4 Procechrre. - Refer to figmes 10-1 and 10-2 fo-r a typical block diagram for this test. This test
is performed in two, parts. fn the first part, the receiver’s response to signals at the tuned. and image “frequen-
ties and those slightly removed wilt be determined” (Selectivity). In the second section, the receivers re-

sponse tO signmls at frequencies within the range specified will be determined (Wur.fous Response). Both .
parts are to be perfornled for each of the three test frequencies.

40.2 .4.-1 ~g~e~tcjty .,- ~ these measurements, the signal generator used shall., be, modulated with a pulsed
sigi~al that is approximately ten times the normal operating puLsewidth. This is”done ii’ order to determine the
CW ~selectivity ;If the system. The ~v,ide pulsewidth produces a relatively narrow ener~y spectrum in compari -
son with the receiver bandjvidth. This narrow spectrum avoicls erroneous bias buildup in the receiver’s gain
control circuits. The sign: !lgenerator is” triggered by the system trigger of th~ radar..tmder test. .’ ,.

40.2 .4.1.1 The ,sign:ll generator shall be tuned to the receiver frequency and we outPUt is adjw~ed for a
mid-pulse MVS, \M defined in 3.1.7. The receiver video oirtput is observed at the output of the’video second
detector, using ,:1wide bandwidth high-frequency os.ciHoscoPW .e. g. ~ Tektronix. 545 or equivalent. Once mid:
pulse ~S h?s I>een obtained, the frequency and level of the signal generator is measured as described
herein, and riwordgd alo~ with any attenuators, cable losses, etc.

40.2. 4.’ I. 2 The output’of the generator- shall then be increzsed by 3.0 dB and the sig@ generator tuned ‘.
‘above the receive,? .fr6quency imtil mid~puls”e hWS %ain is obtained.. $ig~lgenerator fre@encY “%ain”i~ ~‘.
measured. This. is rep&ted for 6, 12,, 20, 40, 60 And 80 dB increases ”.above the receiver mid-pulse MIJS
sensitivity; recording sign:~l generator frequency for ezch step. ff possible, the measurement is to be extended
beyond the -30 d13 response frequcmcy in steps of 10 dB down to the -180 dB level. The foregoing procedure
is then repeated with the signal generator tuned below the receiver tuned frequency.. Range of the measure-
nlent will be such to ,include the image, response of the receiver. .. ,,

40.2.4.2 S~nrrious re’s~e. -‘ For this portion of ‘the receiver response test, the sigvl generator sl~all’

,.

be modulateci wjtfi~u~rf the same width as the system pulse and triggered bY the sYstem trigger, The
signal generator output s!]z1l be applied to the plane of reference through appropriate waveguide transitions and
adapters tlo iqs~.iret as rrtuch as possibler dominant mode incidence to the receiver. The adapters and
tra”hsitions will he changed to correspond” with, the frequency being injected into the receiver. Filters shall be
used to preveM unwanted signal gener;~tor outputs from entering the receiver. Attenuator(s) shall- be used ;It
the input to {he admiier6 to provide 2. better imperiance match, between the source an$ the plane of reference.
‘HIe receiver is” fi rst tuned to one of the test frequencies ~nd acljuktrxf LOproduce the m~yimum usable sen,
si~irity. St:trti]tg at0.9ico for wave~uicie systems, i)r 14. 0 kifz for coaxial systems, adjust the. signal gener -

~tvr output. to iiS m.z<il::tiim se:ting (at least O I:iF31n). fncrt?ase the frequency of the signal generator !cvel un-

til a respoirs~ is note<i. using. care not to pass over wxrk signals. The signal g,eiierat~r is tuqed for a :nzuxi-
mcirn video rcslxmse. The signal ~enerator” is then lfjw6r@ until MVS is obtained. After- obtaining kTJS, the
sign~il germrst~}r outp’ut 1m’el and fr.?querrcy are measured ami re’cordmi.

30.2.1.2.1 WiLh ?he receiver sstting unt:hangecl, :!gain a(ijust the signal ger~e rater output to the previous
m:l.iimum o,.~tput level. Ttme the gt?ner:ltor to a higher frequency un[i! another resp,mrqe is noted. Measure
and record ~:wll response, continuilu; until the generator fr eciuencjj has reached 40.0 GHz. ‘I’he nl~ximu m
sit; n:d generator freqzren::y si]all not exceed 10 times the receiver tu~wf frequency.

10.2.4.2.2 For systems incorporating r. f. selectivity preceding the first mixer, spurious response
rr]ix~sureineit.s shall be limited to the rarige of frequencies defined bythe 60 dB r. f.’ banctw-idth of the receiver.

,40.2.5 Dat:l. - lleasurement Cfat:l obtained from the receiver response measurement !.s present@ in t;)i[) a.—___
piuts: Part ~ tile selectivity data .4ia11 “consist of signak generator frequency and level relative to mid-pulse
hWS. “In Pmt II, spurious !esporrse data shall consist of signal gentirator ?utput level, .attenuaticm inserted,
caif!e losses, insertion hxses, an{i signal generator frequency. Ali data shall
ii fustr ated in f~~gures i1 and 12 for the selectivity ami sputiious response tests,
L,+.:1:3f3r,0bla!lIing tfle above information follows..:

Sampic calculation - Selectivity’
hieas~:~;~ i$a~-”–’ ‘“--7 –”-”–-”-– 77 ‘

:Recei\’er tuned frequency (fo): 3650.105 hfliz
Test pl.llsewidth: 20.0 microseconds -, ,

,,

‘PRF:., .300”pps , .,, , .,

,., ,,. ,.. . .

be enteredon forms of tlie tiypc
respectively. Sample c:]kxrla,

,.,.
..,,

,.

.,’
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Sample calculation - Selectivity (cent’d) .-
Measured Iktz (cent’d)

signal gen&Or ri!lagveleveh+3.O dB
Signal generator frequency above receiver tuned frequency (fl) = 3650.405 MHz “ “
Signal generator frequency below receiver tuned frequency (f2) = 3649.700 M&

The 3 dB bandwidtb 1s computed as foliows:

‘i3 dB=[+Afl +1-Afl
I

where

l+Af I = (fl -fo) MHZ “

and

l-Af[ = (fo -f2) =

l+AfI=3650.405-3650.105
. .

= 0:300 imiz‘
. .. . ‘..

II-Af = 3650.105-3649.700

= 0.405 MHZ

~3 dB= 0.300 ; 0.405

= o.705NlIiz

Sample calculation - Spur ious response
Measurement Data

Receiver tuned frequency: 3650 MHz
Test puMnvMth\ 2.0 microseconds
Pm 300 pps
Signal generator level (P8 ): -25 dBm
s- generator frequenc~ 4203.615 MHZ
Attenuation inserted (Al): O dB
Cable loss [4): 4.1 dB
Insertion losses (~): 1.1 dB

The power input to the receiver at the plane of reference is

P Sp
=P~g-Al-Ac-AidBm

where

Psp = power level required for MVS at frequency of the spurious response

Psp = -25. OdBrn - 4.1 dB - 1.1 dB

= -30.2 dBm

This value shall be recorded in the last column of the data sheet.

35

: i.: . .. ,.. ” . . . . . . .

. . . ,-
. . ,. . ..

.
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“ RECE~ER REsPONSE
,“

*lectivity, Part I

DATE, , TIME _-—--

RECEIVER TUNED FREQUENCY ,.,

RJZCENERSENSIT~Y ‘(Mid-~lse‘MVS)”.’
dBm,,’.. . .

TEST PtJw.wlwH “Ps P?JLSE REPET~ION FREQ.’
pps

,
Relativ&’ +

Frequency
-Af,’ Response +Af Frequency

[-) ~ (MHz) (MHz] (?’fHz)
:(dB)

.. ,..,’.,. ,,... ., .,. .. .. . .. ,..’ ., ’,,
.,.

,- .’

.’

,-..,. ..’ .. .

.’
I ,,

Figure 11- Sample data sheet (recaiver Tesponse, ) selectivity, Part I.

WCEIVER RESPONSE
..

.,

Bandwidth
l+Af! + l-Af I

(MRz)
—-.—

.’

spurious response, Part II
,..’

DATE
T~E”: :

RECEIVER TUNED FREQ~NCY

RECE~ER SEN~~Y (MVS)

dBm

TEST PULSW~H AS PULSE REP~~ION FREQ
pps

.-

Atten
Loss
(dB)

,.,

1

Insetiion

I

Power
Loss Xnput to

~able (fil$?~j

I

Receiver

Loss Mvs

,(dB) :. “(d& ., ~, (dBml ~ ,

I ,,.

.,

l’” “

,’ I

., ,“~.. ,.

,,
. .

spurious resfi~e)i m ~.
,.
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40.3 Receiver radiation. - .0

40.3.1 Objective. - To determine the level of radiation at the receiver input termina@.

40. 3.2 Requirements. - No receiver radiations shall be greater than the value given in 6.7.4.

40.3.3 Energy that is generated within the receiver of a radar by local oscillators and other frequency-
producing circuits may be radiated from the antenna terminals. Ih this manner, the receiver acts as a
transmitter, emitting energy which could be a potential source of interference to surrounding equipment. To
determine the level and frequency of energy present at the receiver input terminals, the following procedures
will. be foUowed. .,. ... .

.“,

40.3.4 Procedure. - Refer to figures 13-1 and 13-2 for a typical block diagram for this test. The
trankrnission line from the” receiver to tie antenna shall be disconnected at the plane of reference as defined in
Section 3. The receiver shall be first tuned to the mid-band operating frequency. The transmission line shall
be terminated in an adapter of the proper type to connect the plane of reference to a frequency selective volt-
meter (FSVM). The connecting transmission line between the adapter and the FSVM shall be kept as short as
possible. No attenuators or sampling networks are needed if the nominal impedance of the FSVM matches the
receiver (with adapter) under test. Tune the FSVM to a frequency corresponding to O. 9fco (see 3. R 20). Yiti
this stating pbint, proceed to.tune ~“e FSVM throughthefrqqu~cy range specified. . . . . .

. . .-
40.3.4. I When a signai is detected, the scan still be stopped and the FSVM tuned for the maximum

response. This reference shall be noted. The input to the FSVM shall be then switched to the signal generator
(CW output). Tbe generator shall be tuned to the frequency at which the response was noted and.its output
level adjusted for approximately the same level as obtained from’ the receiver. The generator output shall be
next connected to a thermal power meter and ie output referenced to the power meter. Reconnect the genera-
tortotheFsVW re-peakthegenerator and adjust its output to provide the origipal reference. Record this
leve~ and any attenuators, signal samplers, and cable losses where applicable.

40.3.4.2 To determpe the precise frequency.of the detected signal, switch the output of the sig@
generator to the frequency measyring equipment and measure its frequency as specified in Section 10 hereim
Record this frequency, reconnect the FSVM to the plane of reference, and resume the scan. Repeat the
above procedures for each detected radiation. The maximum signals measured in this manner should not
exceed -67 dBm (see 6.7. 4). It may be mandatory to provide filters (high-pass or low-pass) at the input to
tbe FSVM when performing this t~ to eliminate possible spurious responses of the FSVM to oscillator
radiations of higher or lower frequency than that being measured.

’40.3.5 Data. - The data measured in.tiis test shalI consist of signal generator output level, cable loss,
and radiated frequency. AU data shall be entered on forms of the type illustrated in figure 14. A sample cal-
culation to obtain the radiated power level at the receiver input terminals (plane of reference) follows.

Samnle calculation

Measured Datru
Receivar tuned frequency: 3650 MHz
Radiated frequenm 3620 iMIfz
Sinai generator level (PW): -4S dBm
Cable loss (Ac): ~. 5 dB “

The radiated power level may be obtained as followe:

P Osc =

where

P Osc = the oscillator radiation at the plane of reference

-45 dBm + 3.5 dB

-41.5 dBm

. .

39-.:. . . ..’. .
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. . . ..
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Receiver radiation

DATE! ____–————— — —— TIME ——

RECEIVER TUNED FREQUENCY —

LOCAL OSCILLATOR FREQUENCY (1) __ __MHz; (2)_. — MHz; (3) i MHz

—.— __ —-.— ——. —

Radiated

1.. ‘

Frequency Source”
(MHz) Identification.

—— —

..

.,

.,
,,,....... “’.,-.

Signal Measured
,Generator Cable

Level Loss
(dBm) (dB) ,. “

—-

(

Radiated
Power
Level ~“
(dBm) I

I

,
I

,“

!
i

,:

I
i

1

1.

,.

Figure 14- Sample data ,sheet, (receiver radiation).
,..

Identification of the radiation, when possible, , shall be entered on the data form. In this example. the
radiation measured is the local oscillator fundamental frequencY (f ~O).

50. ANTENNA MEASUREMENTS

50.1 The following measurements shall be made of all the radar antenna systems. to determine the rela-
tive ‘gain between the required “lobes and associated side lobes.

50.2 Radar a,ntenna side Iobe suppression. -

50.2.1 Objective. - ,The objective of this test is to determine the relative gain bebyeen the operationally... .,
required,antemalobesand the” associated side. and back lobes. ‘“ :, ,“ ., :, ~~.

-. ,’
50.2.2 Requirements.’- All nonoperationally required antema lobes shall meet the requirements of .6.5.

50. 2.3 The spatial distribution of power radiated into space, witi as little site effects as possible, will
determine the amount of relative antenna gain existing in directions removed” from the main beam(s) of an an-
tenna. The recorded information, commonly referred to as ‘‘,antenna Patterns, “ presents .a graphical repre-
sentation of the energy distribution about the system antenna. This test shall be perform@ at the mid-bahd
test fretpentiy or at the horizon .frequency @ the case of freQuen~Y scan radars usf?f4 the f~llowing Pro- . ~
cedures. ,..
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50.2.4Procedures.-Thetestshallbeconductedasfollows:Refertofigures15-1snd15-2fora typical
blockdiagram of antenna patterns measurements. With the radar transmitter operating in its normal configura-
tion and at rated power outp@ position the receividg test antenna at a location that meets the test site cri-
teria and is as free as possible from obstructions which could cause reflections. The test antenna shalI be
located at a minimum test site distance as defined tn 3. L 2, and elevat~ to a height such that the energy
received by the test antenna fs a maximum.

50.2.4.1 The output of the test antenna shall be connected to the input of an FSVM via a length of trans-
mission line and attenuators, as reqtire& The radar antenna shall be excited by the system transmitter
whenever possible. The FSVM shall beoperatedwiththeproperdetectorfunc~onandbandwtdth.

50.2.4.2Withthesystemandtestantennasal&n@ tunetieFSVMformaximum response. -Adjust the
attenuation in the line and the ●@n and attenuator controls of the FSVMforapproximatelyfulI-scaledeflec-
tionConnectastrip-chartrecordertotherecorderou~t oftheFSVM.Thegainandattenuatorcotiole
iihould be adjusted for approximately full-scale deflection of the recorder. stylus. Measure the level and fre-
quency of the fun&imental of the system with the two antennas aligned using the sfgnal substitution meth@ o*-
lim!d in this apperlck with all “instrumentation set as describm rotate the system antenna and start the
recorder. It’ is required that the rotational speed of the system antenna be slow -enough &o that the recording
-pme~ *H ~ve ,adew+e * to res~nd to tie radar energy as,tlie beamsweeps past the test a@e-

.. ,-. ,

50.2.4.3 For’s @pi&l setup with the folknvfmg parameters, z rotational speed of 5 &m would yield an

-.

accuracy of approximately 3 dB. Reducing tie speed to approximately 1 rpm would yield an accuracy greater
thanldB.

3 dB Beamwidth (system antenna): 1.60
Recorder response time: 50 milliseconds

.

A rotational speed which will give at least 1 db accuracy may be obtained from the equation

where

w = rotation speed, rpm

9 = 3 dB antenna beamwfdth,
. .

w ..so~

degrees

Tr = respo&e time of the F2VM/recorder system, in milliseconds

After the system antenna has swept past the test antenna a minimum of twice, stop the recorder and calibr~e
the pattern as folbws. Switch the input of the FSVM to a calibrated signal generator and tune the frequency
of the generator to the FSVl$L Adjust the output level of the generator for a full-scale deflection on the strip-
chart recorder. SUut the recorder and record this leveL Reduce the level of the signal generator in steps of
5 dB, recording each level on the strip chart Continue reducing the generator output until the noise level of
the receiver has been reached. Check the antenna pattern to determine its dynamic range. If it is not at 1-
35 dB, remove some of the external attenuation in the -mission line and re-run the measurement.

50.2.4.4 For antennas that can be elevat~ perform an antenna pattern measurement in the vertical
plane using the above procedures.

50.2.5 Data- Thedata obtained inthisrn easurement shall consist of signal generator output level, at-
tenuation ins=- cable loss, signal generator frequency, system antenna rotation speed. All data shall be
recorded on data forms, as illustrated on figure 16. A sample calculation to d+errnine the power density of
the fundamental energy in the nmtn lobe of the antenna 1s specilied in 30.4 of this appendix. In thts case,
however, the frequency selective voltmeter used to receive ~ energy has a bandwtdth sufficiently wide
(>2/r)torecovertheenergygenerallycontainedinthepuke. Thepowerdensitycomputfxktherefore,willbe
inunttsofdBm/m2.

50.2.5.1” In addition ti the data recorded on the data sheets, the patterns “recorded shall be presented “
w%tb their caltbrattons.

Supersedes page 43 of 1 December 1966
$. 43 .
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:. ANTENNA LOBE SUPPRESSION ,’. .

.’
,,

‘..,:

DATE T&E TRANSMITTER FREQUENCY ~

Repetition Frpq.’ pps “’” ‘

TuNEm

PulsePeak Power Output .’” “’dbrn ~lg.ew~dth~s
Attenuation Inserted ,. “. db

Frequency Selective Voltlneter Bandwidth MHZ

Antenna Rcitation Speed rpm “’ Recorder Speed

Test Anten’na Orientation 6 ‘, @ 0, ~ 0}

Power Density “atTest’-AnteLna’ ‘“”’~”.dbdnz.’. ..,., -.. ;,

height feet .< ,,
,.,,.,

.,. ,‘;

,,,... -- _

135°
045° 090”

Antenna Patterns
,,

,,
‘Figure16-Sample datasheet(antennalobesuppression).

.-.,”.,
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