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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 relative to the formulation
and application of more effective standards of frequency management for such equipment. As an initial step,
adoption of minimum englneering design requirements was considered necessary, . The engineering design
criteria set forth in this document are considered necessary to achieve electromagnetic compatibility and {m-
prove accommodation of expanding radar requirements within the limited spectrum space available. )

. The design requirements and criteria stated herein are not intended to prohibit or inhibit the free and
unrestricted approach of research in the development of new radar systems which promise an increase in
effectiveness. R is recognized that certain requirements stated herein are not applicable to all types of
radar systems. When these situations exist, the intent of the requirements shall be applied with best en-
gineering judgment and approval by the procuring activity. Contractor's engineering proposals shall con- .
tain all information required by the procuring activity pertaining to this standard. _
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RADAR ENGINEERING DESIGN REQUIREMENTS;
ELECTROMAGNETIC COMPATIBILITY

1. SCOPE
1.1 The engineering design requirements set forth herein are established to control the spectral charac-

teristics of all new radar systems operating between 100 and 40, 000 megahertz (MHz) in an effort to achieve
-electromagnetic compatibility and to conserve the {requency spectrum available to Military radar systems.

2. REFERENCE DOCUMENTS

2.1 Not applicable.’

3. DE;FINI:I“IONS AND SYMBOLS -

3.1 Definitions o _ ‘_ . S

.L1 Antenna. An antenna is a device employed as a means for radiating or receiving radio-frequency
energy.

3.1.1.1 Fixed elevation antenna. - A fixed elevation antenna is one designed for fixed in elevation. In
order to operate at other elevations, the antenna must be manually 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 maneuverability in
the vert.ical plane regardless of the upper or lowér mechanical Limits.

3.1.1.3 Rotatable antenna.s Rotatable antennas are antennas designed to rotate through 360 degrees in
azimuth, . .

3.1.1.4 Semi-elevatable antennas. - Semi-elevatable antennas are antennas designed to elevate t.hrough
an angle less than 80 degrees, or stepped in increments in the elevation plane.

3.1.-1.5 System antenna. - A system antenna is the antenna whose characteristics are being measured. .
3.1.1.6 Test antenna. - The test antenna is' the antenna associdted with the measurement equipment.

3.1.2 Minimum test site distance. - A minimum test site distance is that distance between two antennas
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 D2/)\ or 3x, 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 aperture (Dp) is larger than one-tenm of the aperture (Dq) of the antenna being measured, then the
minimum test-site distance is (Dj + Dp) 2/2\. .

3.1.3 Assigned frequency. - The assigned frequency is the center of the frequency band assigned to a
Specific equipment or system.

3.1.4 Frequency coverage. of test eguipment. Frequency coverage of test equipment is that range (or
those ranges) of frequencies over which the test equipment is designed to operate; for example, the frequency
coverage of the AN/URM-XX may be 0.15 to 0,4 MHz and 1.5 to 1000 MHz.

3.1.4.1 Tuning band. - The tuning band is that partial range of the tuning {requency range over which a
particular configuration of test equipment operates with a given bandswitch seuing, for example, tuning band
elements of the AN/URM-XX may cover the fonowing tuning bands: .

Bandl 0.15 to 0.4 MHz:
Band 2: 0.35 to 0.92 MHz "
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Band 3: 0.9 to ' 2.45 MHz .
Band 4: 2.4 to 6.3 MHz . -

Band 5: 6.0 fo 15.4 - MHz
Band 6: 15.0 to 30.0 MHz~ .
3. 1.4.2 Tuning frequency range. - Tuning frequency range is that partial range of the frequency coverage
over which a particular configuration of test equxpment operates for e\ample the AN/URM )O( may have
the followmg tuning- frequency range:

0. 15 to 30 Ml-lz with head 1 installed

.- 20 to 200 MHz with head - 2 installed
/200" " to.. 410"-MHz with head - 3-installed
400 - 'to 1000 ',MHZ with head - 4 installed

3.1.5 F requency sclectlve voltmeter (FSVM), - A frequency selectlve voltmeter is:a frequency selectlve .

. I'Jle lecelver calibrated as a two termlnal Voltmetel fox ex.unple a held 1nten51ty meter

31, 6 Erﬁequ_engLoler ance,- Frequency tolerance is the mdxunum permlsslble departuxe by the center

' frequency of theé frequency band occupled by an emlssmn frorn the assu,ned frequency The frequency tGler-
4_‘ance 1s expressed in parts m 10 or in Hertz ' : ’

3 1.7 M1d pulse muumum | visible sxgnal (MPMVS) - The m1d pulse minimum v151ble 31gnal is the mini-_
mum input pulse signal power Ilevel which permits v1s1b1llty of the center of the output pulse. This level is
Obldlﬂed in the sanie manner as the MVS level, thh the centel ol the pulse bemg the pomt of reference

3 1 8 Mlmmum wsxble s1gnal (MVS) = The muumum v1s;ble sxgnal is the mmlmum mput pulse sxgnal

power level'which permlts visibility of the output pulse This level is obtained. by initially setting the- mput
signal above’ the detection threshold and then slowly decreasmg the amphtude

3.1.9 Necessary ban(lmdth - For a glven class: of emlssmn, necessary bandwrdth is'the minimum value of

-the occupied bandwidth sufficient to ensure the'transmission of information at the rate and with the quality re-
quiréd for the. systems employed, under specified conditions. . Emissions tseful for the. good functioning of the
" receiving equipment, such as the emission corresponding to the carrier of reduced carrier systems, shall be

included in. the necessaly bandwwlth

3.1.10 Occupled bandwidth. - Occupled bandwxdth is. the frequency bandw1dth such that . below its lower
and above jts upper frequency limits, the mean powers radiated are each equal to 0.5 percent of the total
mean. power radiated by a.given emlssmn In some cases, for-éxample,multi- channel frequency-division sys-.
tems, the percentage of 0.5 percent may lead to certain dlfflcultles in the. practlcal application of the defini-

tions of occupied and necessary bandwidth; in such cases a different percentage may prove useful.
3.1.11 Power levels.

: p ‘
31111 Db (declbels) - Db =10 loglo T)—l’ where Py and P2 are the powers compared.

3.1.11.2 Dbm (decﬂ)els relatlve to 1 mllhwatt) - Dbm is def1ned as decibels relative to 1 mllhwatt =10

logs]O P, where Pis the power in mxlllwatts

3.1.11. 3 Dbm/m2 (decmels relatlve to 1 1n_111m‘nt per square ‘meter). - DBM’ 2 is deflned as decxbels

: 'f‘el.lthE to 1.0 xmlhwatt/ meter 10 1og10 A vhere P.is as defmed in 3 1. ll 2 and A 1s the effectlve area in -

square mete rs over Wh]Ch Pis measured

3.1.12 Pulse width (1') - Pulse width is the tlme interval hctween half power points in the. tlme waveform

of 2 pulsed signal,

-3.1.13" Re quxr_ecl»acceptgn_c‘_e_w b:x_xgglvv_lcith "~ The requxred acceptance bandeth is'the. receiver required ac-.
. ceptance bandwidth which includes the fundamental frequency. response and extends from, the lowest to the -

" highest: frcqucncxes on the select1v1ty curve outside of wluch the. image. response is-at least 60 db below. the
fumlamenhl fmquen(y reSponse and all other xesponse are at least 80 db below the fundamental frequency

. _response B
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3.1.14 Radar emission bandwidth. - The radar emission bandwidth shall be the frequency bandwidth which
 includes. the fundamental frequency and extends from the lowest to the highest frequencies outside.of which the -
levels of spectral power density do not exceed those specmed hereinafter. These levels are in the main beam
at a reference distance of 1850 meters and may be expressed in terms of energy received on a surface area of
the receiving antenna of one square meter, i.e. ]oules/meter?- For the purpose of this standard, however,
the more conventional dbm/kHz/meter2 or milliwatts x k.Hz x meter-2 will be used.

fo ‘ Level of spectral power (Avg) density

(within frequency range of) (m the main beam at a reference distance
MHz A ' © .+, of 1850 meters)
(milliwatts x kHz=1  (Dbm/kHz/meter2)
x meter-¢)

100to 400 6.31 X 10-9 -82

400to 1215 ) 2.51 X10-% -6

1215to 2700 K .. 1,26 X 10-7 -69

2700 to 5000 : .- : 2.51x10-6 . -56

5000 to 8500 : 1.00X 10-5 - -50

8500 to 40, 000 3.16 X 1075 ¢ .45

3.1.14.1 For the purposes of this standard, values of spectral power density in cle/l«l*lz/met.er2 may be
converted to radiated spectral level (dbm/kHz) as follows:

Radiated Spectral Level = (Spectral Power Density @ 1850 meters) -Gy + 2010g 1. 85 X 103 meters
+ 10log 4. Therefore, Radiated Spectral Level = (Spectral Power Density @ 1850 meters)-G;
+76. 4dB,

Where Gy = Gain of transmitting antenna.

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

3.1.18 Spurious emission. - Spuriocus emission is emission on a frequency or frequencies which are out-
side the necessary band, and the levelof which may be reduced without affecting the corresponding transmission
of information. Spurious emissions include harmonic emissions, parasitic emissions and intermodulation
products, but exclude emissions in the immediate vicinity of the radar emission bandwidth, whicharearesult of
the modulation process for the transmission of information.’

3.1.17 Spurious response 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 low, mean, and high test frequencies, respectively.

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

3. 1 20 Waveguide cutoff frequency. - Wavegulde cutoff frequency is that frequency below which wave-pro-
pagation will not occur in the waveguide transmission line.

3.2 Symbols. - Symbols are defined as follows:

T = Pulse width at 1/2 power points in microseconds

d = Compression ratio

D = Antenna aperture

fo = Carrier frequency in megahertz - '

Af = Frequency deviation, the peak difference betwéen the msmntaneous (requency of the modulaied
wave and the carrier frequency in megahertz. . ) :
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‘."ico = wavegu1de cutoff frequency .
LA = wavelength’ at the fundamental frequency ) ’ : :
a = reduction in receiver sen51t1v1ty due to CW 51gnal and pulse sxgnal subsntutmn
Erf = error function
B = resolution. bandwidth of spectrum analyzer
‘A = effective area of test antenna

Pp = power density (dBm/m )

PR = received power {dBm)

Pgp- = Spectral power density (dBm/kHZ/mz)
AC” = measured cable loss _ .
C = Coupling factor.

Ay = Attenuation’ Inserted

Posc = Oscillator radiation at the plane of- reference -
W . .= Rotation speed of antenna :
@ = 3dB‘antenna beamwidth, degrees :
o Tr = = Response time of the: FSVM/ recorder system (ln m11hseconds)
- do = Open field.test site dlstance
- _Ai . '=Insertion loss-’

PSp = Power level requxred for MVS at frequency of a spunous response
D¢ . = Duty cycle . .

4 GENERAL REQUIREMENTS

4 1:Design crrterla plan The prlmary goal of th1s standard is to enhance the des1gn of mxhtary 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 how his proposed - radar system design
will meet the requirements specified herein. The plan shall bé submitted 90 days after. award, and shall m-

‘clude, but not be limited to, the followmg unless ot_her\wse specmed by the procurmg act1v1ty

(a) Name, respons1b1hty and author1ty of the 1nd1v1dual who w1ll 1mp1ement the contractor s des1gn
program.
(b) Number and experlence of full-time and part-t1me radar des1gn and electromagnetlc compatibxhty
~personnel assigned to the program.
(e} Organizahonal chart of all program personnel ' .
(d) Design aspects of the system as. related to the -réquirements. specmed herein Specific items to .
be discussed include: : ‘
(1) general design philosophy and reasons {or the proposed approach;
(2) anticipated problems and proposed methods for solution;
(3) methods of implementation of design.
{e) Detailed description of facilities, on hand and to be procured (identified separately) that w1ll
‘ enable contractor to determine compliance with the requirements stated ‘herein.
{f} Methods of accomphshmg design reviews with subcontractor

4.2 Test Elan When requ1red by the contract or order, the contractor shall submit a test plan to the
procuring activity 45 days. prior to the start of testing, detalhng the tests he will perform to determine com-
pliance with the requirements specified herein. Any modifications to the test procedures specified in the ap-
pendix to this specification for the particular system shall be fully described and justified in the test plan. Ap-
proval-of the test-plan shall precede the start of. iormal testmg ‘Changes to the test plan occurring after the ‘
start of testing will require Government approval, and shall be recorded in the test report (see section 5). The
test plan shall be documented and shall include but not be limited to the following: - : .

{a) Test conditions and procedures for the system, and the sequence of operation during the tests.
(b) Implementation and application of test procedures, 1nc1udmg modes of operation control settmgs,
. monitored points, and so forth. ’
-~ (¢} Nomenclature and general- characterlstlcs of test equlpment to- be used
o (dy “Types.. and methods of cahbration of standards and calculations to show. expected accuracy of each
' (e) Dummy lpads, ﬁlters dummy antennas, 51gna.l samplers and 50 forth to be ‘used’and thelr e
Co descmptmns : . - . : S
C(f) Readout and detector functlons to be used
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(g) Details of test setups, test site procedures and so Iorth Maximum use of photographs and
.- drawings is required.

--{h) Expected accuracy of measurement. - - ~°

(1) Nomenclature and description of test sample.

(}) Personnel required, both designated Government representative ‘and the contractor.

»*4.3 Testing policy. - Radar systems identical tothose ‘which were previcusly tested in accordance with .
this document, found satisfactory, and accepted, may require retesting. A copy of the previous test report
or reference thereto, or the Government's letter of compliance, with an adequate .abstract, shall beforwarded
by manufacturer's letter to the procuring activity to determine whether testing is required.

4.3.1 When a system requires modifications to comply with this standard, retestlng shall be required to
the extent necessary to determine compliance with the requirements of this standard. Modifications to that
system which are necessary 80 as to conform to the requirements of this standard shall be incorporated into
all radars of the lot.

4.4 Furnished equipment. - Unless otherwige specified in the equipment specification. 'When Govern-
ment- Furnished Equipment {(GFE) contractor-furnished equipment, or commercial “off-the-shelf equipment
is used in a radar system, the contractor shall make the necessary modifications to these items to assure

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

4.5 Responsibility for testing. - Unless otherwise specified, the contractor is responsible for the per-
formance of all tests and compliance to the requirements in this standard. The contractor may utilize his
own facilities or those of any commercial laboratory acceptable to the Government. The Government reserves
the right to perform any tests in this standard when necessary to assure supplies and services conform to the
requirements. The test shall be witnessed and verified by a Government representative. Evidence of its
verification shall be included in the test report. .

4, G Design control parts. - When additional parts are required so that the radar system will conform to
the requirements 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 used, unless specifically authorized by the procuring activity.

5. REPORTING FORMAT

5.1 Standardization formats for data reporting are shown in the appendix. The formats embody the
minimum data that are required {or 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. 1.1 Nominal radar data. - The nominal radar characteristics shall be included in the test report.
The data to be included is shown in table L

5.2 Detailed identification of ail measurement and calibration {nstruments, and pertinent auxiliary
equipment used in the performance of these tests, including data on instrumentation accuraces. calibration
dates, stabilities, bandwidth, measured [ilter insertion loss vs frequency, and attenuator and coupler char-
acteristics across the applicable [requency range shall be provided.

5.3 A description of all laboratory test layouts, and all field test deployments, including plans, drawings,
and photographs, where applicable, shall be presented in the report preceding the tabulated data. Input and
output terminals and all test points used for these measurements shall be identified. ' .

5.4 A description of the measurement location terrain by topographical map, and any pertinent features
{mountains, buildings, 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 calculations employing actual measured data to show
how the derived data were obtained shall be presented with each measurement. Comparison of measured °
data with theoretical calculations (see sample calculation sheet, table II) and explanation of va.rlations shall -
also be included. :
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5.6 A list of all failures that occurred to the equipment involved in the measurement program during
‘the test period, and a description of the checks made to determxne the conditlon ‘of equipment performance
followmg repairs shall be presented.

5.1 Other information relevant to the test program which may affect measurements, such as peculiari-
ties encountered in equipment performance, difficultiesin performmg tests, general weather conditions, and
descriptions ‘of measurement procedures, shall be presented. Ii any measurement cannot be carmed out,’
reasons why and efforts to surmount the problem shall be discussed fully.

_ Tahble T «»Nominal radar data. o
TRANSMT TER NOMENC LATURE

SERIALNO, - __ MANUFACTURER: v
POWER OUTPUT: - (Avg. ) watts, ea) o . . s
k FREQUENCYBAND S to - B v
“PULSEWIDTH __;;_us PULSE REPETI'I‘ION FREQUENCY' G e
. " REMARKS: ' '
' RECEIVER NOMENCLATURE: ,
SERIAL NO. . _ . 'T?PE:: , ‘
SENSITIVITY' ST dbm, NOISE FIGURE B . - db
RF PRESELECTOR3 db BANDWIDTH: . ' -' I. _ MHz
L'OCAL_‘ OSCILLATOR FREQUENCY: - First Conversion SR MHz
' ._ Second Cogver_sien : I . MHz.
Third CoﬁMersibrx - V - ) MHz
INTERMEDIATE FREQUENCY: First Conversion MHz
Sec.ond Conversion i MHz
) ' - Third Conversion - i — MHz |
IF3db BANDwiDTH: IR _ - " ,MHz' |

' '_ANTENNA NOMENCLATURE

-SERIAL NO ) . - ’ TYpE:

DIMENSIONS: Horiz.___;_;feét, Vertical ‘ feet
BEAMWIDTH: ‘Ht‘)riz.____.degrees Vertical : ‘ . degrees
| .POLARIZATION__...;_‘__;...‘-_"_.‘;_ Gain (@ mid- band treq j. S ——; *Y
/"'ANTENNA MOVEMENT Horizontal I ~j _‘.rpi:d""' A‘ o - L
- ANGULAR LIMITS' :Hoi‘iz.u L o . -'”‘_".'":Ver'tiealn
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Table II - Theoréﬁcal calculation sheet.

*Equipment Nomenclature

Type of Output Tube (Magnetron, Tetrode, and so forth) -

Fundamental Frequency (MHz) Pulse Repetition Rate (PRF)
Peak Power (Pp) Average Power (P,)
Pulse Compression Ratio (@) : . M- Pulse Width at 1/2 power points.
P
Duty Cycle (D) =52 = Gain of Antenna (G,)
P
Peak Power (dBm) = 10 log (Pp/10-3) = dBm

dBm/line at f, = (Conventional Pulse) = Pp X DZ = P, (dBm) + 20 log D =

(Compressed Pulse)

Py xnﬁ = Py (dBm) + 20 log D, - 10 log d

dB

Lines/kHz bandwidth = 1 kHz/PRF= lines = 10 log (1kHz /PRF) =

dBm /kHz (Spectral Density) = dBm/line + lines/kHz{dB) =
dBm /kHz /m? at 1850 meters for an isotropic antenna = dBm/kHz - 76.4 dB =

dBm/kHz /m2 at 1850 meters for equipment antenna = dBm /kHz /m? (isotropic) +G

REMARKS:

5.8 A system block diagram should be furnished, identifying the plane of reference emdloyed for the
tests, as well as all other signal injection and monitoring points. Those controls whose settings are sig-
nificant to a particular test ghall be identified and the control positions during the test shall be designated,
such as "set to position 5, " “turned fully clockwise, "' and so forth. An adequate description of the system
opération shall be included, along with pecuuarities that are not normally encountered. The setup for each
measurement shall be presented in block diagram form, depicting the specific input terminals, output ter-
minals, and test equipment interconnections.

5.9 All measurement photographs shall be at least 2-1/2 by 3 inches with the recticle lines clearly
visible and with each line accurately calibrated. Where measured data are not clear, larger photographs or
higher resolution photographs are required.

6 LIMITS

6.1 Unless otherwise specified by the procuring activity, the requirements specified hereinafter shall be
adhered to for all new military radar systems.
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6.2 Radar transmitter frequency tolerances, - Rada:-g that are controlled by crystals or equivalent
" methods: . . . - o . , .

Frequency range (MHZ) - -~ Tolerance (parts.per 106) '
100 to - 960 ' ' + 50
. 960to 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 other radars shall meet the-following frequency tolerances: - - - _
Frequency :range (MHz) o ' ) - Tolerance. (parts -pér 106)
100to . 960 ' 250

960 to 4, 000
4, 000 to.10,500 -
10,500 to 30,000
30, 000 to 40,-000

1+
- =

[\~ ]

o

S

Frequency or phase shift radars shali rheet'the above tolerance requirements as app'ropriate at the upper and
lower extremes of the frequency - band shift. )

6.3 Maximum allowable radar emission bandwidth, - The radar emission bandwidth (as defined'in 3. 1. 14)
employing the following. types of modulation shall not exceed the limits indicated: ’

Maximum allowable

" Type modulation E . ~ Radar emission bandwidth(MHz)
Pulse . e
t
Modified Pulse (chirp, matched - .20d - or-1/4 percent of ty
filter, pulse compression and | o t (whichever is greater)

pulse stretch type radars)

" Pulse Dopplléf -

20
t
cw : 3x 1074 g,

FM/CW _ 281+ 3x1074 4,

6.4 Radar systems tunability. - The frequency band of the radar shall be the band approved for the speci-
- fic equipment by the Joint Frequency Panel, United States Military Communication Electronics Board and shall
be specified in the contract. Radar systems shall be capable of being tuned over this approved band or a band
of frequencies at least as great as 10 percent of the midband frequency. Radar systems may be continuousiy
tunable, or have the capability to tune in discrete steps of no more than 2 percent of the operating frequency.

6‘."5‘ 'Ante‘r\;narsidé lobe Subpression. - The__f‘i}s't in‘ajof ant"éxinaj'sidé lbbe_é shail be ddwn zit 1least 20 db A
from the main beam, and all other Tobes shall be at least 30 db down from the imain 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 followmg values, when the center of the carrler fre-
quency, fo is wﬁ:hin the trequency range shown: R :

1o Limit of spectral level
(within frequency range of) (at the transmitter antenna input)

> {MHz) (mllhwatts/kHz) (dBm/kHz)
f 100 to 400 6.31 X 10-2 -42
400 to 1,215 2.51 X 10~ -36
1,215 to 2, 700 1.26 x10°g -29
2,700 to 5, 000 2.51 X107 - -16
5,000 to 8, 500 1.00 X 10” -10
8, 500 to 40, 000 3.16 X 10-} 5

6.7 Radar receiving system. - .

6.7.1 The radar receiving system required acceptance bandwidths are speéified hereine[ter:

Type modulation

Required acceptance bandwidth

1
H

t

i : -
i -
{

?

- Pulse 204t
Modified Pulse 20d 4t
Pulse Doppler 20/t
cw . 3 X104 »
FM/CW 28f+3 X104

6.7.2 R.f. preselection 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,- measured at the receiver
input terminals.

7. NOTES

7.1 Intended use. - When this standard is referenced, the following data will be required to be furnished
S in order to comply with the requirements specified in the standard

‘ (a) Requests for proposed should contain all information required by the procuring activity to be
‘ furnished in accordance with this standard.
(b) ‘The contractor will furnish a design criteria plan 90 days after contract award describing how
his proposed radar system design will meet the requirements of this standard (sce 4. 1).
(c) The contractor will submit a test plan 45 days prior to the start of testing, detaxlmg tests to be
performed.
(d) Previous test reports or Government letter of compliance will be furnished when required to
determine whether identical systems require retesting.
(e} A test report will be submitted for evaluation by the procuring activity to determine conform-
ance with this standard.
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7.2 International standardization agreements. - Certain provisions of this standard_are the subject of

infernational standardization agreement (Intemational._Telecgmmunicatidns Union Radio Regulations). When

* amendment, revision,” or cancellation of this standard is proposed which will 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: e S D Preparing activity:.
Army - EL i o Navy - SH
Navy --SH - ‘ . (Project 5800-0001)

. "+ Air Force - 11 S
- Review activities: -

Navy - SH, AS, OS. : . o o - i
- Air Force - 11 . c Lo . . IR ‘ .

AR Ui N

N
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APPENDIX
MEASUREMENTS

10. GENERAL MEASUREMENT REQUIREMENTS

10,1 All measurements described herein shall be performed using the procedures specified herein or by
fully described and justified alternate procedures presented in the approved test plan.

10.2 Measuremmt irequencies. Measurements ghall be made at each of the ﬂu'ee standard test fre-
quencies in each tuning band or the operating frequency closest to the standard test frequency.

10.3 Test sites. - Tests shall be performed at locations meeting the requirements specified in 10. 3, 1.

10.3.1 Test site criteria. - An open field or anechoic chamber measurement gite ghall approximate.free
space conditions such that the power density (PD) measured at the test site should be within + 2 dB of the cal-

culated PD uslng Friis equation i L.
P -
Pp= Py

where R is the horizontal separation between the equipment antenna and the test antenna. Any variations
from the calculated power density shall be explained in the test report. I the variation is greater than 3 3
dB, tests shall not be continued without the approval of the contracting officer.

10,4 Determination of signal power level and frequencies. - A standard procedure is recommended for
determining signal power levels and frequencies which reduce, to a large extent, the effects of component
changes with time and inherent inaccuracies or instabilities or both of some of the test equipment.

10.4.1 Signal substitution technique, - Thetechnique used is referred to as '"signal substitution" and
is performed as follows: In determining the level of a signal being measured on a spectrumanalyzer or fre-
quency selective voltmeter (FSVM), the indication on the instrument (either a vertical deflection or meter
reading) is noted. The source of the signal is then replaced by a signal generator whose output has been
referenced to a secondary standard thermal power meter. For measurements made with the spectrum
analyzer, the signal generator shall be unmodulated (CW). For those measurements made with a FSVM
(primarily those in the appendix 40. 3 and 40.5), the signal generator shall be modulated with a pulsewidth
corresponding to that of the system under test and shall be triggered with the pulse repetition frequency of
the system. In either case, tune the signal generator to the frequency of the signal 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 calibrated generator is then read off the attenuator dial.
In cases whore an external variable attenuator is used, the level of the signal source is determined from
the external attenuator.

10.4.2 Frequency of the signal generator may be obtained by connecting the cutput of the generator toa
frequency counter. In cases where the signal to be measured {s above the frequency limits of the counter,
it is necessary to convert this frequency to one which falls within the counter limits, This may be done
using a transfer oscillator, frequency converter, and mixers.

10.4.2.1 For frequencies which lie within the limits of the transfer osclillator or frequency counter,
usually betwaen 10 MHz and 12,4 GHz, the procedures for determining frequency shall be as described in
the operating instructions for the instrument. For frequencies above 12,4 GHz, it will be necessary to mix
the signal source frequency with a harmonic from a signal generator whose fundamental frequency lies withia
the frequency limits of the transfer oscillator/frequency converter, Figure lis a block diagram of a typical
setup for frequency measurement. With this method, the mixer output is fed to an audio amplifier to provide
sufficient signal level to be observed on an oscilloscope. The frequency of the signal generator is varied
until ene of its harmonics (predetermined) mixes ‘with the signal aource, provldltg a zero beat as observed
on the oacmosoope. .
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' "Figuré 1 - Frequency mea'suriﬁg equipment block diagram, 10,0 to 40 GHz.'
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10.4.2.2 After this has been done, switch the-output of the signal generator to the transfer oscxllator)
frequency converter and.determine the frequency of its fundamental.signal. This value multxphed by the
appropriate harmonic number, vnll provide the frequency of the signal source.

10.4.3 An alternate method, which may be used if an audio amplifier is unavailable, is to replace the
amplifier by an FSVM (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 détermined by measuring the signal generator frequency as’ above Care -mauast be taken toassure that
the difference frequency, as set up on the FSVM, isaddedtoor subiracted from the signal generator harmonic
frequency, as appropriate.

20, MSTRUMENTATION

20.1 Choice of instrumentation shall be in accordance with good engineering judgement. 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 shall be within 12 db.
Frequency measurements shall be within 1 part in 106, All.external attenuators used shall be accurate to
1 db. The insertion losses of mters directional couplers, or other signal sampling devu:es shall be known’
to+1 db,

20.2 The waveguide transitions and coax-to-waveguiae' adapters used in the receiver-tests specified in
Section 30 of this appendix shall have input impedances of 50 ohms and VSWR less than 1, 3:1 independent of
load. The insertion loss of the device shall be known within 1 db over the frequency range of the device when
it is terminated in the nominal impedance.

20.3 Frequency selective voltmeters shall be calibrated using the signal substitution method specified
herein. All FSVM's used in these measurements shall be monitored by aural and visual methods. An oscil-
loscope shall be used as a visual indication device in addition to instrument meters. When using an FSVM
with different detector functions (e.g., Pulse Peak, Direct Peak, CW, Field Intensity. Quasi-Peak, CW Peak,
and so forth), the appropriate 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-dB-bandwidth of the FSVM shall be sufficient to recover at least 90 percent of the energy contained
within the pulse. For fixed frequency pulses, the bandwidth, in megahertz, shall be at least 2/, whereT
is the nominal system pulsewidth in microseconds. For frequency deviated pulses (pulse compression sys-
tems), the bandwidth shall be at least 2d/T where dis the pulse compression ratio. Where fine grain spec- -
trum details are to be observed (as in 30. 4 and 30.5 of this appendix, the 3-dB bandwidth shall be less than
1/10 ¥ or 2d/10 ¥ for fixed frequency pulses or {requency deviated pulses, respectively. At present, the
spectrum analyzer is the only widely available instrument with a bandwidth narrow enough to meet the above
requirements.

20.5 Typical block dingrams showing test setups recommended for the performance of these measure-
ments are coutained in each measurement section. Instrumentation is listed hy equipment tvpe. A table of
recommended equipmuent is presented in table III. This equipment, or equivalent substiiutes, shall he used
whenever possible. As new equipment becomes available, the equipment list will be changed accordingly.

Table II - Recommended test equipment, or equivalent.

Equipment . Model Frequency range
ANTENNA
Stoddart 91280-1 20 to 1000 MHz
Empire Devices NF-105 15 kHz to 1. 0 GHz
Polarad CA-L 1to 2.24 GHz
Polarad ) CA-S 2.14 to 4.34 GHz
Polarad . _CA-M - 4.19 to 7.74 GHz
"Polarad - . CA-X 7.36 to 10.0 GHz
Microline - ) $6x1 ! 8.2t0 12,4 GHz
.Microline ‘ - S6U1 .- - : 12.4 to 18.0 GHz

13



MIL-STD-469

Downloaded from http://www.everyspec.com

1 December 1966

Table IlI Recommended test eqmpment or. equlvalent (ccmt'd)

Eqmpment

.ANTENNA (cont'd)

- MJcrohne :

Microline .

_ Polarad .

ATTEN UATOR

" ‘Weinschel
. . Weinschel

-Weinschel

Weinschel

‘Weinschel

Weinschel- - L

.. Weinschel .
- Weinschel

ATTEN UATOR VARIABLE

. Hewlett Packard '

BRewlett-Packard

. Hewlett- Packard

-‘BOLOMETER

Hewlett- Packard

. General Microwave

Hewlett- Packard
Hewlett-Packard

- General Microwave
. ‘Hewlett-Packard

General Microwave '
Hewlett-Packard .
General Microwave
Hewlett-Packard
General Microwave

FIELD INTENSITY METER

Empire Devxces
Empire Devices

‘Empire Devices -

Empire Devices

- Empire Devices ..
Empire Devices
.Stoddart

Stoddart.
Polarad
Polarad
Empire. Devices -

‘Empire Devices-

“ Empire Devices "' .
- 'Empire’. Devxces L

' Stoddart”.
CEMC, - .
Polarad’,

o Model

© 56K1
56V1
CA-R

210-5
. 210-10°
- 210-20. - .
©210-20.. - - -
. 50-5 .
. 50-10

"50:20
50-40 .

. P382A
- K382A
R3824

478A

N420, 421, 422

M486A .
X486A
X420

 P486A
U420

K486A
K420
R4B6A
A420

' BA/NF-105

T-1/NF-105

. T-2/NF-105

T-3/NF-105

BA/NF-112- .

T-1/NF-112".
NM-30A -
NM-52A .
R-BI
RR-5(plug-in)
T-2/NF-112

“T-3/NF-112
T-4/NF-112

T-5/NF- 112
NM-62A "

EMA-9 10A

FIM'

..1"4»;:

Frequency range: '

18 to 26.5 GHz

26,5 to 40.0 GHz

For Use with CA M CA-

1t0'10 GHz. -

1to 10 GHz

1 to ¥0.GHz -
1 to 10 GHz

DCto3.0GHz

--DC t0° 3.0 GHz -
.DCt0 3.0 GHz
- DC'to 3.0 GHz

12,4 to 18 GHz’
18 t0.20,5 GHz
26,5 to 40 GHz -

10 MHz to 10 GHz
10 MHz to 10 GHz

" 10.0to 15.0 GHz

8.2t0 12,4 GHz-
8.2 to 12,4 GHz
12,4 to 18 GHz_‘ :
1 12.4to 18 ‘GHz
18 to 26.5 GHz
18 to 26.5 GHz
26.5 to 40 GHz
26.5 to 40 GHz

""Basic Unit -

20 to 200, 0 MHz
200 to 400 MHz
400 to 1000 MHz
‘Basic Unit .
0.9to 2.1 GHz

" 10 to-400 MHz -

375 to 1000 MHz
Basic Unit
400 to 1000 MHz
2 to 4 GHz

. 3.9t07.2 GHz

4.01t0 10,2 GHz .
10 to 15 GHz . -

1 to 10 GHz

1to 10°GHz -~ :

CTto 10GHz
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Tablc IT - Recommended test equipment, or equivalent {cont'd).

Equipment

Modél

FREQUENCY MEASURING EQUIPMENT

Hewlett-Packard

Hewlett-Packard
Hewlett- Packard
Hewlett-Packard

FREQUENCY DOUBLERS

Hewlett-Packard
Hewlett-Packard
MIXER

Narda
Narda
Narda

‘Hewlett-Packard

Hewlétt-Packard
MODULATOR
Hewlett-Packard
MODULATOR - PIN

Hewlett-?ackard
OSCILLOSCOPE

Tektronix
Tektronix

Tektronix

POWER METER

Hewlett-Packard
General Microwave

RECORDER

Sanborn

Scientific Atlanta
Esterline-Angus
SIGNAL QENERATOR
Hewlett-Packard
Hewlett-Packard

Hewlett-Packard -
Hewlett-Packard

540B .

2590A
S245L
5253B

938A
940A

519

518

517
11521A
11517A

8403A
8730 Series

945
CA Plug-in

53/54K

431B
454A

151

APR-20
AW

608D .
612A

8614A
8616A

- 15

Frequency range

10 MHz to 12. 4.GHz
(100 to 220 MHz
Base Freq.)

10 MHz:to 12,4 GHz
DC to 50 MHz

50 to 500 MHz

18 to 26.5 GHz
26.5 to 40 GHz"-

12.4 to 18 GHz
18 to 26.5 GHz
26.5 to 40 GHz
10 to 12.4 GHz,
12.4 to 40 GHz

0.8 to 12.4 GHz

Basic Unit
Dual Trace,
DC-24 MH2
Single Trace,
DC-30 MHz2

Basic Unit
Basic Unit

With 150/400 Power
Supply and 150/1400
Pre-Amp

10 to 480 MHz
450 to 1230 MHz
0.8to 2.4 GHz
1.8 to 4.5 GHz
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E Hewlett Packard -
- Hewlett-Packard
Hewlett-Packard ;-
) Hewlett Packard .

Downloaded from 'http://www.everyspec.com

Table m - Recommended test equlpment or equwalent (cont d)

Equxpment .

SIGNAL. GENERAT OR (cont' d)

SPECTRUM ANALYZER

. Hewlett- Pflckard

Polarad

{vlodel - ". - : Frequency range
618B. . . " 3.8 t0 7.6 GHz
620A 7to 11 GHz' ~
626 A 10 to. 15.5 GHz
‘628A . 15 to 21. 0 GHz
-851B/8551B 10 MHz to 40 GHz

'WAVEGUIDE ADAP I‘ ERS

“FXR

FXR
FXR
FXR
FXR
FXR -

WAVEGUIDE SECTIONS

FXR
FXR
FXR
FXR
Aircom
Aircom
Aircom
Aircom |

WAVEGUIDE TRANSITIONS

Aircom
Aircom
Aircom
Aircom .

Aircom

, Alrcom

Hewlctt Packard
Hewlett- Packard

Aircom

Hewlett-Packard -

w2z

16

. SA-84 WAW 10 MHz tc 40 GHz’
L600B 1.12to 1.7 GHz =
R601B 1.7 to'2: 6 GHz
S601B. 2.6 t0 3.95 GHz__
H601B 3.95 to 5. 85 GHz
C601B 5.85 to 8.2 GHz
WE01B. 7.05 to 10.0 GHz .
X601B - 8.2t012.4 GHz
R634A 1.7 to0 2.6 GHz
“S§634A° 2.6 to 3.95 GHz
H634A - 3.95 to 5.85 GHz

- C634A 5.85to 8.2 GHz
106 X00 8.2 to 12.4 GHz

© - 106KU00 12.4to 18 GHz
106 K00 18 to 26.5 GHz
106KA00 26.5 to 40 GHz
195-L-LS 1.2 to 1.7 GHz

1.7t0 2.6 GHz
195-1.5-8 1.7t0 2.6 GHz
2.6 to 3.95 Ghz
195-S-C 2.6 to 3.95 GHz
C ) 3.95 to 5.85 GHz
195-C-XC 3.95to 5. 85 GHz
' 5,85 to 8.2 GHz
195-XC-BL 5.85 to' 8.2 GHz
: ) - 7.05 to 10 GHz .
195-BL-X = - . 7.05to 10 GHz -~ -

Sl 8.2 to 12. 4, GHz

HX-292B 7.05 to 10 GHz
o 8.2 to 12,4 GHz
MX-292A 8.2.to 12.4 Gliz
10,0 to 15 GHz
195-X-KU 8.2 to 12, 4 GHz
' 12.4 to 18 GHzZ
10 to 15 GHz
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Table T - Recommended test equipment, or eqixivalent (cont’d},
Equipment " Model | Frequency range

WAVEGUIDE TRANSITION (cont'd)

Aircom 195-KU-K 12.4to 18 GHz
18 to 26.5 CHz
Aircom 195-K-KA 18 10 26.5 GHz

26.5 to 40 GHz

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 tolerance. -

30.2.1 Objective: The objective of this measurement- is to determine the fr-equéhcy 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 will provide a
more rcliable method by which frequency and equipment assignments 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 follows: Refer to figures 2-1 and 2-2 for a
typical block diagram of the test setup for this measurement. Turn the radar transmitter on and tune it to 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. Measure and record the system frequency im-
mediately after turn-on and at 15-minute intervals thereafter up to 4 kours. Record the time and {requency
of each measurement. Repeat the above test for the other two standard test requirements.

30.2.5 Data. - The measurement data obtained shall consist of the transmitter frequency. pulsewidth,
and PRF, Al data obtained shall be recorded on forms as illustrated by figure 3.

30.3 Radar systems tunability. -

30. 3.1 Objective, - The objective of this measurement is to determine the ability of a radar system to
tune over its approved frequency as specified hereinafter,

30.3.2 Requirements, - Radar systems shall be capable of being tuned over their approved {requency band
or a band of frequencies specified in 6. 4.

30, 3.3 A measure of the tunability of a system is the ability of its transmitter to produce 2 given mini-
mum output and of its receiver to produce a given minimum sensitivity over its operating band. Therefore.
the procedures described herein will be to measure the system power output, sensitivity and frequency at
each of its operating frequencies. In the case of continuously tunable systems, the frequenciestobe measured
shall be the low, mid, 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,
figures 6-1 and 6-2 and 10-1 and 10-2 for typical test setups for power output and sensitivity measurements,

30.3.4.1 Frequency. - Tune the radar transmitter to one of the operating frequencies (or one of the.

standard test frequencies if continuously tunable) and adjust for its normal operating conditions. If the sys-
tem employs a directional coupler or other coupling device connect frequency-measuring equipment to its

17
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_RADAR TRANSMITTER FREQUENCY TOLERANCES.

PULSEWIDTH _ . . : — uS PULSE REPETITION FREQ. pps
[— . Measured- Nominal tuned | . ; ’ | h ‘
Frequency frequency AT +Af
(MHzZ) . MHz = . - (Minutes) - I (MHz)

Figure 3'— Sample data sheet =
(Radar transmitter frequency tolerances).

jncident port, using additional attenuation in the line, if required, to protect the test equipment. Measure
and record the tuned frequency of the radar transmitter. If the system employs a dummy load, it may be
necessary to connect the test equipment to it to perform this test. _ : i

30.3.4.2 Power output. - Remove the frequency measuring equipment and connect a calibrated thermal-
type power meter to the incident port of the system directional coupler,. inserting additional precision atten-
uators, asrequired, to protect the measurement equipment'. Measure and record the power meter reading,
the coupling factor of the-_sysfcem coupler, and the attenuation inserted in the line.. If measurements are made
{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 tunable, AR '

30.3.4.3 Sensitivity. - Tune the radar receiver to one of the operating 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
_standard response shall be MVS, Repeat the sensitivity measurements for each of the test frequencies
_ specified herein. - ' L ' ST e wo

20
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30. 3.5 Data.- The data obtained in this measurement shall consist of power meter reading, signal sam-
pler coupling factor, attenuation inserted, and measurement frequency for the power output portion; and sig-
nal generator output level, attenuation inserted, cable loss and measurement frequency for the sensitivity
portion of the measurement. All data shall be entered on data sheets of the form illustrated in figures 4 and
5. Sample calculations to obtain the transmitter output power and receiver sensitivity follow:

Sample Calculation - Power Qutput
Measured Data:

Transmitter tuned frequency: 3650 MHz

Pulsewidth (PW): 2.0 microseconds

PRF: 300 pps

Power meter reading (P,,): -5.5 dBm

Coupling factor (A.): 52.0dB

Attenuation inserted (A1): 10.0dB

The average power output is calculated as follows:

(
Pavg=Pm+A‘§+tAl ‘
"= .5,5dBm +52.0dB + 10.0 dB
=56.5 dBm

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

N N
ppk = Pavg + 10 log (PW) (PRF)

where Ppk = peak power output, dBm,
1

=56.5 dBm + 32.2 dB

= 88.7 dBm

Sample Calculations - Receiver
Measured Data:

Receiver tuned frequency: 3650 MHz

Pulsewidth: 2.0 microseconds

PRF: 300 pps

Signal generator level (’Psg): -55.3 dBm

Attenuation Inserted (A;): "50.0 db

Cable loss (A.): 3.5 db

The receiver sensitivity (MVS) is calculated as follows:
MVS = Pgy - A - A, dBm
=-55.3-50.0- 3.5 dBm
= -108.8 dBm
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. ! .SYSTEM TUNABILITY
' Power output
DATE . TIME -
PULSEWIDTH _us PULSE REPETITION FREQUENCY pps
: Power S e POwer_Qutput' .
: Meter Coupling Attenuation " (dBm)
Frequency, Reading Factor inserted . o )
. (MHz) (dBm) (dB) (dB) | Avg. Peak
——— l N
Figure 4 — Sample data sheet
(System tunability, power output),
SYSTEM TUNABILITY
. Sensitivity
DATE TIME __ ‘
PULSEWIDTﬁ u8 PULSE REPETITION FREQUENCY - pps
) Generator Cable’ Attenuation Sensitivity
Frequency Output Loss Inserted {MVS)
(MHz) (dBm) (dB) (dB) (dBm)

. 227 .

i

. Fagur 6.54uﬁxhpledata' sheet. o .
... < -(System tunability, sensitivity). ' .
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30.4 Radar emlssion ba.ndwldtn -

30.4.1 Obyecnve - The ob]echve of thxs test is to determme the radar emissxon bandw:dth as deﬁned in
3. 1. 14 by measuring the spectral power density at the acceptable test site and test site distance and extra-
polating this level to a distance of 1850 meters 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 values 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 this test shall be as follows: Refer to figures 6-1 and 6-2 for a
typical block dxa.gram for this test. This test shall be performed 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 level. Meas-
ure and record the transmitter power at the start of this test and at intervals of 30 minutes or less. The
output power shall be méasured using a thermal-type power meter and an appropriate signal sampler.. The
system directional coupler shall ‘be used, if available, A power meter with a recorder output is desirable to
permit recording the level of the transmitter power output provxdlng a permanent record of any power fluc-
tnations 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 antenna shall be elevated to a height at which
the electrical centers of the two antennas are aligned. Polarization of the test anténna shall be the: same as
that of the system antenna. With the test antenna connected to the 'spectrum analyzer through the appropriate
transmission line and calibrated attenuators, as required, 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, andpolarization for maximum signal 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 analyzer to a value corresponding to-the maximum allowable radar emis-
sion bandwidth, 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 display using an oscilloscope camera,

30.4.3.5 Remove attenuation from the line and re-center the dxsplay, if reqmred Photograph the dis-
play. Remove only 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, calibrate the display of the analyzer as follows. Connect 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 display. Adjust the output level of the signal generator to produce a
display with an amplitude at the top horizontal graticule line. Record the signal generator output level. Re-
peat this procedure for each horizontal line. Measure and record the signal generator frequency using the
procedure specified in this appendix, section 10.

30.4. 3.7 Retune the signal generator tothe center of the analyzer display and adjust the output level for
an amplitude corresponding to the center horizontal line. Tune the signal generator frequency so that the
display is coincident with the right-hand end of the analyzer display. Increase or decrease the signal gener-
ator output as required to regain 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 obtained will enable calibration of the photograph for amplitude, {requency,
and spectrum analyzer gain linearity at the center and either end of the display. In order to obtain the spec-
tral power density of the signal as measured on the spectrum analyzer, in dBm/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 unchanged, connect the signal generator to the analyzer and tune it to the center
of the display. With a CW output, obtain the signal generator output level required for a mid-scale vertical
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display. Record this value. ‘Modulate the or1g1na1 generator output W1th a2,0- mxcrosecond pulse at the sys-
. tem PRF and center the- display on the analyzer. Increase the output of the 31gnal generator until the display
" is at the same amplitude as was measured with the CW signal.” Record this level. The resolution bandwidth
may then be obtained from the following relationship: :

a. (dB) = 20 Log [Erf 1.33 (7)) -

Erf1.33 (8 ) = Log~! 4/20

where: - _ ‘ o
: a (dB) - reductlon in sen51t1v1ty between cwW 51gna1 (Pl and pulse sxgnal (Pz) that 1s
’ pl - P2, dB. This wxll be a negahve number
Erf = _' error funct;_on- v
‘..6 ,. = resoiu’tion 'oa;ndwidﬂi Hei‘tz‘ -

s pulsew1dth 2 X 10 -6 seconds ”:4

Once the resolutlon bdndedth is known the spectral power den51ty may be determmed per kHz of bandwxdth

30 4.4 pata - The data obtamed m this:test ‘shall con51st of sxgnal generator output level, insertion loss
and test antenna effective area,. orlentatlon of system and test antennas. - Photographs of the fundamental sig-
nal spectrum shall be calibrated and’ presented: with the data, All data will.be entered on data. shefts of the
form shown’in ngure 1. A sample calculatlon to obtam the spectral power den51ty in dbm /kHz/m follows:

Sample calculatxon
Measured data:

Transmitter tuned frequency 3650 MHz

Pulsewidth: 2.0 mlcroseconds , -

PRF: 300 pps o
" Frequency at high end of allowable emission bandwidth (fo + u,-) 3655 MHz
Signal generator level (Pgg) measured at 3655 MHz: -80.0 dbm
Measured cable loss (Ag): 3.5 db

Atteruation inserted (Aj): 60.0db

Spectrum analyzer resolution bandwidth: 10 kHz

The signal power density (in a 10-kHz bandwidth) is found from the relation:
PD = pR -
where:
Pp= 'power density, i dbm)m2
‘ Pp = received power (dbm) = Psg * A1 + A

A = effectwe area of test antenna dB/m

A2Gp-

i
A= 300 /IIVIHZ

A —2010g300+c;T 2010ngHz’10 log41r
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where:

Grp gain of test antenna over an isotropic antenna, db
fa1y,, = frequency of signal, megahertz

Simplifying this equation,
A =Gt - 20log fyy, - 38.5 dB/m?

Using these data with G = 19.0dB,

A =19.0 dB - 71.3 dB + 38.5 dB/m?
= -13.8 dB/m? |
Pp=PR - A dBm/m?
and ' ’
Pr=-80.0 dBm + 60.0 dB + 3.5 dB )
= -16.5 dBm
Pp=-16.5 dBm - (-13.8 dB/m?)

-2.7 dBm/m?

To convert this value to spectral power density in units of dBm/’kHz/mz, the relationship
Psp=Pp - 10 log B is used
where:
Pgp = spectral powei density, dBm/kHz/m?2
£ = resolution bandwidth of spectrum analyzer, kHz
Psp = -2.7dBm/m? - (10 log 10)dB
= -12.7 dBm/kHz/m2

This value is for the spectral power density as measurcd at the open-field test site. To refer tiNs value 10 a
distance of 1850 meters, the following correction shall be used:

Pgp (test site) = Pgp (1 naut. mile) - D

where D is the correction factor, in dB
D = 20 log do/1850

where d is the open-field test site distance in meters (200 meters for this example)
D - 20 log 200/1850 dB

= -19.4 dB
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The corrected spectral power density at f_o + 10/ris, therefore,

Pgpy (1 naut. mile)

:12.7.dBm kHz /m? ¢ (-19.4) dB- -

-32. 1 dBm /kHz /m?
This value shall be recorded in the spectral power density column on the date form, -

30.5 Radar transmitter spurious radiations. -

30.5. 1 Objective. - The ob]ectwe of this test is to measure all rad1at10ns em1tted by the radar transmit-
‘tér under test over the frequency range specified.

30.5.2 Requirements, - All emissions outside of the maximum allowable radar emission bandwu:lth
specified in 6.3 shall have a spectral level below the maximum values specified in 6.6 for carrier frequencies
within the ranges shown at the transmrtter antenna input.

. - 30, 5 3 The radar transmxtter spurlous radiations test mvolves a determmatlon of the power versus .
- frequency characterlstlcs of a tra.nsmxtter throughout its frequency range w1th the excepnon of that portlon of

-, the spectrum covered 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 nominal level. Measure and record the transmitter power
.at the start of this test and at irtervals. of 30 minutes or less {more: frequently if a noticeable change occurs).
The output power shall be'measured using a thermal-type power meter and an appropriate signal sampler..
The system directional- coupler shall be used, if avallable and shall be callbrated over the range ot‘ frequen-
cies measured .

30.5.4.1 After measurmg and recording the output power connect a spectrum analyzer to the mcxdent
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 than 1/10T where T is the pulsewidth (2d/101’for
pulse compression), and the other controls in accordance withthe instrument operatmg instructions. Tune
the analyzer until a maximum-indication is achieved on the CRT. Measure and record the level and fre-
quency of the fundamental output signal of the radar using the substitution. techmques as descnbed herein,

30.5.4,2 Tune the analyzer. above the radar tuned frequency to a frequency correspondmg to the upper
end of the’ émission bandwidth. Remove all external attenuation and insert the appropriate filters {notch re-
jection, high-pass or bandpass) preferably waveguide sections with fe, above i, to reduce the possibility of
the radar's fundamental frequency power causing spurious responses in the analyzer.

30.5.4.3 After this has been accomphshed 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
convenjent indication, Measur 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 unless otherwise specified), tune.
the analyzer to the frequency corresponding to the-lower frequency of the maximum allowable emission
bandwidth and begin the scan for spurious emissions below the radar operatmg frequency The entire scan
will be performed for each of the three standard test frequencies. . :
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Figure 6-1— Radar emission bandwidth measurement block diagram (below 10 GHz).
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Figure 6-2—Radar emission bandwidth measurement block diagrgm (‘10 to 40 GHz).
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RADAR EMISSION BANDWIDTH

DATE TIME TRANSMITTER TUNED FREQUENCY
Peak Power Output dbm  Pulsewiath usec Pulse Repetition Freq. _pps
Modulation Compression Ratio
Spectrum Analyzer Resolution Bandwidth kHz
Tost Antenna Orientation; 6 ° Y w °, gain v
Height Above Ground Test Site Dastance (feet)
Test antenna polarization
Signal Measured Test, Ant. Spectral
Generator Cable Atten, Effective Power
Frequency af Level Loss Inserted area Density‘.l_/
(MHz) (% MHz) (dbm) (db) (db) (db/m?2) (dbm /kHz /m2)

”'UAt 1850 meters,

Figure 7 « Sample data sheet (radar emission bandwidth),
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Figure 8-1—Radar transmitter spurious radiation block diagram (bélow IO.VO GHz)
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30.5.5 Duta. - The data obtained in-this test shall con’sist of signal generator output. insertion 1uss,
coupling factor, All data shall be entered on.a data sheet -of the form shown in'figure 9. A sample calcula-
tion to obtain the spectral level in dbm, ’kHz follow .

J lculdtl_{n_x
Measurad Data: B
Trunsmitted tuned frequency: 3650 \I}Iz
Pulsewidth: 2.0 microseconds ’
PRE: 300 pps
rivus irequency: 5225..1 MHz
Signal generator lavel (P ST): =30 dBm.
Meuasured cable loss (Ag): 5.5 dB
Attenuation inserted (Ay): 0 dB.
Coupling factor (€):.-55 dB =~
Spectrum analyzer resolulicm bandwidth: 10 kHz

'F%:é smndl nower level in rle [E
P o Psg 5 Ac «:‘_..v\:_-_c,', ‘ _
50,0+ 55 - 0+ 55.0 R -
19.5 dBm

v E‘hxs is the level measur ed Wwith a receiver hanclﬂ idth of IORHZ To convert this level into péak 'specfr;ll
level in d_Bm,kHz. he following relation shall be used: : : : : . i

Pe = D v—lO log
10.5dBm - 10 log 10 dB
0.5 dBm _;"‘l'i‘.I‘Z |
This_-valuQ E;h:\ll.l‘)é rcc(:)r(.ied on the data sheet with thé (:x:'n-espfrm;i ing sphrious frequency.
HUR J\))\E; UECHHR '\IE ASURE \XE‘JI\ ‘

40.1 The ! a(l 1 rece iver medsummf_nts 3[)1’(1f1(d hu euuuler shall be pertu; mead on 111 receivers of the
s radar. :

40,2 Receiver response l,h_il"d ter 1stxc~,
40.2. 1 Objective. - The ohjective of this test is to determine the rocelver response characteristics to
freguencies within and outside its bandpass.

40.2.2 Requireme
limits in 6. 7. '

.- All receiver responses sutside the required acéeptzmce bandwidth shall meet the

40.2.3 The receiver response characteristics, as measured by this test, give an indication of the over-
©all gain and sensitivity of the receiver at its tuned {requency, as well as its responses at frequenmes removed
" from the tuned fre: quency.’ - Those responses at frequencies slightly removed from the tuned frpquency are de-
termined, for the mest part, by the IF amplifier-tuned circnits, and should be fuirly symmetrical about the
: ar frequency, The level of these responses indicate the ability i the receiver to {! riminate against
harmel radiations and, 1 reality, is a measure of the receiver’ : acceptance bandwidth nr its selectivity,
rvivers of the heterodyne lype are also capable of responding to »ignals at frequencies that are velati aly
fur removed frum the receiver tuned frequency. These responses wre oiten fusietions of internal fraqud ancws
inherent within the receiver,. Lommmng with an ﬂtennl signal in such a manner as to ¢adse a spuriocas’
response, To determine.the receiver response d:u.icteristxcs to xrequenmes mthm the ra.m,e spvmfn,d the
. Iolluwmg prmutuxes \h 111 he fnlln‘vui . .
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RADAR TRANSMISSION SPURIOUS RADIATION

DATE TIME TRANSMITTER TUNED FREQUENCY
Power Output; (Peak) dBm {Avg) dBm ‘Modulation
Pulsewidth ____ . wsec Pulse Repetition Freq. pps ‘Compression Ratio _ i
Bandwidth (Frequency Selective Voltmeter /Spectrum Analyzer) : e _ kHz
' Signal Measured . ) ‘
Generator Cable ) Coupling . Attenuation Spectral
Frequency . Level Loss Factor Inserted Level

(MHz) (dBm) (dB) (dB) 1 (dB) (dBm /kHz)

’

Figure 9 — Sample data sheet (radar transmission spurtous radiation),
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40.2.4 Procedure. - Refer to figures 10-1 and 10-2 for a typical block diagram for this test. This test

_-is performed in two parts. In the first part, the receiver's response to signals at the tuned-and image frequen-
" cies and those slightly removed -will be determined (Sélectivity). In the second section, the receiver’s re-

sponse to signals at frequencies within the range specified will be determined (Spurious Response). Both
parts are to be performed for each of the three test {frequencies.

40.2,4.1 Selectivity. - In these ineasurements, the signal generator used shall ‘be modulated with a pulsed.

"sngrual that is 'Ipprole’ltely ten times the normal operating pulsewidth. This is "done in order to determine the

CW selectivity of the system. The wide pulsewidth produces a relatively narrow energy spectrum in compari-
son with the receiver bandwidth. This narrow spectrum avoids erroneous bias buildup in the receiver's gain
control cxrcmts - The sxgnal generator is trlggered by the system trigger of the radar. under test

40 2. 4 1.1 The signal renerator shall be tuned to the receiver frequency and the output is adjusted for a
mid-pulse MVS, as defined in 3,1.7. The receiver video output is observed at the output of the’ video second
detector, using a wide bandwidth-high-frequency oscilloscope; e.g., Tektronix 545 or equivalent. Once mid-

pulse MVS has been obtained, the frequency and level of the signal genc’rator is measured as described -

herein, and recorded along with any attenuators cable losses, etc.

40 2 4.1, 2 The output of the generator shall then be mcreased by 3.0 dB and the sxgnal generator tuned

- 'above the receiver frequency until mid-pulse’ MVS dgain is obtained, Sigral. generator frequency again‘is
_measured. This is repeated for 6, 12,20, 40, 60 and 80 dB increases above the receivér mid-pulse MVS
" sensitivity, recording signal gener’xtur frequency for each step, If possible, the measurement is to ve extended

beyond the -80 dB response. frequency in steps of 10 dB down to the -1€0 dB level, The foregoing procedure
is then repeated with the signal generator tuned below the receiver tuned. frequency. Range of the measure-

ment will be such to include the image response of the receiver.

40 2.4.2 Spurious reeg_nse. - For this portxon of the receiver’ response test the 51gnal generator slmll

.be modulated with a pulse of the same width as the system pulse and triggered by the system trigger, The

signal generatur output shall be applied to the plane of reference through appropriate waveguide transitions and
adapters to insure, ‘as much as possible, dominant moede incidence to the receiver. .The adapters and : .
transitions will he changed to correspond with the frequency being injected into the receiver. Filters shall be
used to prevent unwanted signal generator outputs from entering the receiver, Attenuator(s) shall be used at
the input to the achpters to provide 2 better impeédance maitch between the source and the plane of reference.
The receiver is first tuned to one of the test frequencies and adjusted to produce the maximum usable sen- -
&nL“ ity. Sturtingg at O, Bxc o for waveguide systems, or 14, 0 kHz for coaxial systéms, adjust the signal gener-
ator output. to ifs maximum seiting (nt least 0 dBin). Increase the frequency of the signal generator level un-

. t11 a response is noted, using care not to pass over weak signals. The signal generator is tuned for a maxi-

murm video response. The signal generator is then lowered until MVS is obtamed After. obtamlng MVS, the
siral generator output level and fraquency are measured and recorded,

40.2,4.2.1 With the receiver sotting unchanged, again adjust the signal generator output to the previous
maximum outptt level, Tune the generator to a higher frequency uniil ancther response is noted. Measure
and record 2ach response, continairg until the generator frequency has reached 40, 0 GHz, The maximum
sipnal generator frequency shall not exceed 10 times the receiver tuned frequency. ’

40,2.4.2.2 For systems incvorporating r.f. selectivity preceding the first miker, spur_ious response
measurements shall be limited to the range of frequencies deiined by the 60 dB r. f.‘bandwidth of the receiver.

40.2.5 Data. - Measurement data ubtamed from, the receiver re: ,ponse measurement is presented in two
parts: Part I, the selectivity data shall consist of signal generator frequency and level relative to mid-pulse
MVS, "In Part II, spurious response data.shall consist of signal generator output level, attenuation inserted,
caiile losses, insertion losses, and signal generator frequency. All data 5hall be entered on forms of the type
iliastrated in figures 11 and 12 for the selectivity and spurious response tests, respectively. Sample calcula.
tivas for obtaining the above information follows, .

~ Sampie calculation - .Sele"tlvxty
Measured Data: o
:Receiver tuned frequency (fo) 3650. 105 MHz
. Test pulsewmth' 20. Omxcroseconds '
"PRF: 300 pps :

T
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Sample calculation - Selectivity (cont'd) .-
Measured Data: (cont'd)
. Signal generator relative level: + 3.0 dB
Signal generator frequency above receiver tuned frequency (f) = 3650. 405 MHz -
Signal generator frequency below receiver tuned frequency (fz) = 3649. 700 MHz

The 3 dB bandwidth 1s computed as follows:
BW, 4p l+at| +|-a1]
where
|+af] = (f; -fo) MHz
and
|-af} = (fo --f2) MHz
|+af| = 3650. 405 - 3650. 105
" =0.300 MEz

|-at]= 3650. 105 - 3649.700
. = 0.405 MHz
BW34p= 0.300 + 0.405
='0.705 MHz

Sample calculation - Spurious response
Measurement Data:

Receiver tuned frequency: 3650 MHz

Test pulsewidth: 2.0 microseconds

PRF: 300 pps

Signal generator level (Pg.): -25 dBm

Signal generator frequenc 4208.615 MHz

Attenuation inserted (Ay): 0 dB

Cable loss (A.): 4.1dB

Insertion losses (Ay): 1.1dB

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

Psp=Psg-A1-Ac-AidBm

where
Psp = power level required for MVS at frequency of the spurious response
Psp = -25,0dBm - 4.1 dB - 1.1 dB

L]

-30.2 dBm
This value shall be recorded in the last column of the data gheet.
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Figur'e 10-2 = Recelver response characteristics measurements block diagram (12, 4 - 40 GHz).
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" RECEIVER RESPONSE

Selectivity, PartI

DATE _ "TIME _
RECEIVER TUNED FREQUENCY MHz
VRECEIVER SENSITIVITY (Mid-Pulse MVS) ‘ .dBm
TEST PULSEWIUI'H ' us PULSE REPETITION FREQ PPS .
| Rela'twfe " . . | Bandwidth
Response | _ Frequency +af  Frequency - -af f+af] + |-af |
(@) - (MHz) (MHz) (MHz) ‘(an) . (MHz)
' Me 11 Sample data sheet (receiver response, ) selectivity, Part I.
'RECEIVER RESPONSE
Spurious response, Part I
'DATE _ ~ TIME _
RECEIVER TUNED FREQUENCY
RECEIVER SENS_ITIVTTY (MVS)
TEST PULSEWIDTH us PULSE REPETITION FREQ pps
. . Insertion Power
Signal - : . Loss ~ Input to
Spurious Generator . Atten. ~ Cable (filters, Receiver
' Frequency Output - : Loss. loss . etc. ) MVS
(MHz) (@Bm) | - B (@B) -

* {dBm)

Flgure 12 — Sample dataaheet (spuﬁdus response), Part o
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40.3 Receiver radiation. - ’ -

40. 3.1 Objective. - To determine the level of radiation at the receiver input terminals.

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. In 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 followed. . ] .

40. 3.4 Procedure. - Refer to hgures 13-1 and 13-2 for a typical block chagra.m for this test. The
transmission line from the receiver to the 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 0. 9fc, (see 3. 1.20). With
this starting point, proceed to.tune the FSVM through the frequency range specified. L .

40.3.4.1 When a signal is detected, the scan shall 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). The generator shall be tuned to the frequency atwhich 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 its output referenced to the power meter. Reconnect the genera-
tor to the FSVM, re-peak the generator and adjust its output to provide the original reference. Record this
level, and any attenuators, signal samplers, and cable losses where applicable.

40.3.4.2 To determine the precise frequency of the detected signal, switch the output of the signal
generator to the frequency measuring equipment and measure its frequency as specified in Section 10 herein.
Record this frequency, reconnect the FSVM tothe 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). R’ may be mandatory to provide filters (high-pass or low-pass) at the input to
the FSVM when performing this test, 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'this test shall consist of signal generator output level, cable loss,
and radiated frequency. All 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.

Sample calculation

Measured Data:

Receivar tuned frequency: 3650 MHz
Radiated frequency: 3620 MHz

Signal generator level (Psg) -45 dBm
Cable loss (Ac) 3.5dB .

The radiated power level may be obtained as follows:

Pose = Psg + A

where

Pyge = the oscillator radiation at the plane of reference

-45 dBm + 3.5 dB
-41.9 dBm

[}

‘39



Plaﬁelvof Reference:

‘Down oa ev rom http://www.everyspec.com

Radar

Receiver ® . | ~ Adapters

S VW

Freguency

Filters ' -Selective
(as required)l Voltmeter

e amimi 2 o e e

i t :
v !* _ Sysfemusjﬂc_ '
t . Trigger R
N c ‘. . i R - N\
K “____.._.____,_ A ‘
1 - . . . 1
| 9 ,. T
Power ; ) B Frequency Oscilloscope
Meter - Q. N Converter : R
“Signal ) Attenuators Frequency 1
Generator #| (as required) Counter J

 Figure 13-1-—Radiation measurement block diagram ‘(below 10 GHz).
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Figure 13-2—Radiation measurement block diagram (10 - 40 GHz).

699-aIS-TIN

9961 J8qWad3J 1




RN

MIL-STD-469-
1 December 1966

Downloaded from http://www.everyspec.com

Receiver radiation

DATE TIME
RECEIVER TUNED FREQUENCY
LOCAL OSCILLATOR FREQUENCY: - (1) MHz; (2) MHz; (3)_. _ MHz
: : Signal Measured Radiated
_Radiated. _ Generator Cable Power
Frequency .. Source -Level - Loss. - Level-
- (MHz) Identification (dBm) (dB) . - {dBm)

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 Po)'

50, ANTENNA MEASUREMENTS

50, 1 The following measurements shall be made of all the radar antenna systems to determme the rela-

tive gam between the reqmred ‘lobes and associated side lobes,

50.2 Radar antenna side lobe suppressmn. -

50.2.1 Objective, - The objective ‘of this test is to determine the relatxve gam between the operatxonally
required antenna lobes and the assocxated suie and back lobes. . .
50,2.2 Reqmrements. All nonoperatxonally requxred antenna lobes shall meet the requirements of 6.5.

50.2.3 The spatial distribution of power radiated into space, with 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 performed af the mid-band

test frequency or-at the horizon frequency in the case of frequency scan ra.dars usmg the followmg pro-
: cedures . . . . . .

42
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50.2.4 Procedures. - The test shall be conducted-as follows: Refer to figures 15-1 and 15-2 for a typical

block diagram of antenna patterns measurements, With the radar transmitter operating in its normal configura-
tion and at rated power ocutput, position the recelving 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 shall be
located at a minimum test site distance as defined in 3. 1. 2, and elevated to a height such that the energy
received by the test antenna is 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 required, The radar antenna shall be excited by the system transmitter
whenever possible. The FSVM shall be operated with the proper detector f\mction and bandwidth.

50 2.4.2 With the system and test antennas aligned, tune the FSVM for maximum response, Adjnst the
attenuation in the line and the ga.in and attemuator controls of the FSVM for approximately full-scale deflec-
tion, Connect a strip-chart recorder to the recorder output of the FSVM. The gain and attenuator controls
should be adjusted for approximately full-scale deflection of the recorder stylus, Measure the level and fre-
quency of the fundamental of the system with the two antennas aligned using the signal substitution method, out-
lined in this appendix, With all instrumentation set as described, rotate the system antenna and start the
recorder, It is required that the rotational speed of the system antenna be slow enough so that the recording
eqmpment will have adequate time to respond to the radar energy as the beam sweeps paet the teat antenna.

50.2.4.3 For a typica.l setup vnt:h the follawing parameters a rotational speed of 5 rpm would yleld an
accuracy of approximately 3 dB. Reducing the speed to approximately 1 rpm would yield an accuracy greater
than 1 dB.

3 @B Beamwidth (system antenna): 1.6°

Recorder response time: 50 milliseconds
A rotational speed which will give at least 1 db accuracy may be cobtained from the eciuation
w < 508348 63dB

. Tr
where

W = rotation speed, rpm
8 =3 dP antenna beamwidth, degrees

Tp = respofxse time of the FSVM/recorder system, in milliseconds

After the system antenna has swept past the test antenna a minimum of twice, stop the recorder and calibrate
the pattern as follows. Switch the input of the FSVM to a calibrated signal generator and tune the frequency
of the generator to the FSVM., Adjust the output level of the generator for a full-scale deflection on the strip-
chart recorder. Start 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 cutput until the noise level of
the receiver has been reached. Check the antenna pattern to determine its dynamic range. If it is not at least
35 dB, remove some of the external attenuation in the transmission line and re-run the measurement.

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

50.2.5 Data. - The data obtained in this mieasurement shall consist of signal generator cutput level, at-
tenuation inserted, 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 determine the power density of
the fundamental energy in the main lobe of the antenna Is specified in 30.4 of this appendix, In this case,
however, the frequency selective voltmeter used to receive thg energy has a bandwidth suffictently wide
(>2/r) to recover the energy generally contained in the pulse,” The power density computed, therefore, will be
in units of dBm/m2.

50.2.5. 1 "In addition to the data recorded on the data sheets, the patterns ‘recorded sha.ll be presented
with their calibrations.

Supersedes page 43 of 1 December 1966
: .. 43
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Fig'uré"iS-l—Radar antenna lobe suppression measgurement block diagram (below 10,0 GHz).
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Figure 15-2—Radar antenna lobe suppression measurement block diagram (10 - 40 GHz),
AN

At

9961 I3qUAIA( |
69%-AIS-TIN



y BE : S Bl Downloaded from http://www.everyspec.com

69%-Ad1LS~-TIN

9961 J2quadaQ [

s . ANTENNA LOBE .SUPPRESSION

‘ DATE ‘ TIME - © TRANSMITTER TUNED FREQUENCY
Peak Power Output __ dbm Pulsewidth us  Pulse Repetition Freq. ___ pps
Frequency Selective Voltmeter Bandwidth MBz Attenuation Inserted .. e db
Antenna Rotation Speéd rpm  Recorder Speed . S ’
Test Antenna Orientation: \5 %, 8 °, w °, height feet .

Power Density at Test Antenna ____ ;. dbm/m?’ ~

090° A S 135

_ Antenna Patterns

' Figure '16'¥v$mplé data sheet (antenna lobe suppression).




