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Table II - ‘f’heoreticai calculation sheet.

Equipment Nomenclature —— —

Type of @tput Tube (Magnetron, Tetrode, and so forth) —— - . . -——.

Fundamental Frequency (MHz) Pulse Repetition Rate (PRF)

Peak Power (P$ Average Power (Pa)

P&be Compression Ratio (d) I%lse Width at 1/2 power points
Pa

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

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

dE3m/line at f. = (Conventional Pulse) = Pp X D: = Pp (dBm) + 20 log Dc =

‘Compressd ‘] Se) “ PA= ‘p ‘dBm) -20 ‘w ‘c - 101% d
dm

Lines/kHz bandwidth = 1 kHz/PRF = lfnes = 10 log (Ikffz/pRF) = — d%

dBm@z (Spectral Density) = dBm/line * lines/kHz(dB) =

dBm/kHz/m2 at 1850 meters for an isotropic antenna = dBm/kHz -76.4 dB =___

dBm/kHz/m2 at 1850 meters for equipment antenna = dBm/kHz/m2 (isotropic) + Ga

REMARKS:
“..

.,

- —.. ----— —

5.8 A system block d@ram should be furnished, identifying the plane of reference employed for the
tests, as well as all other signal injection and monitoring points. Those controls whose settings are sig-
nificant to a particular test shall be identif~ed and the control positions during the test shall be designated.
such as “set to position 5. “’ “lurned fully clockwise, “’ and so forth. An adequate descr@tion of the system

operation shall be included along with peculiarities that are not normally encountered. The setup for each
measurementshallbepresentedinblock 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 cleaf, larger photographs or
higher resolution photographs are required.

6 L.IMITS

6.1 Unless otherwise specified by the procuring activity, the requirements specified hereinafter shatl be
adhered to for all new milim radar systems.

Supersedes page 7 of 1 December 1966
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6.2 Radar transmitter frequency tolerances. - Radars that are controlled by crgstale or equivalent
methods:

Frequency. range (MHz) Tolerance (parts per I@)

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

4,000 to 10,000 k 250
10,000 to 30,000 * 500
30,000 to 40,000 ; 1, 000

6.2.1 AU other radars shall meet the following frequency tolerances:

Frequency rang e (MHz) Tolerance (parts pe r 106)

100to 060 ~ 250
960 to 4,000 & 500

4,000 to 10,500 * 1, 250
10,500 to 30,000 = 2, 500
30,000 to 40,000 ~ 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. S Maximum allowable radar emission bandwidth. - The radar emission bandwidth (as defined in 3.1. 14)
employing the folhwing types of modulation shall not exceed the lfmits ind5cated

BfaSmum alknmble
Type modulation Wdar emfssion bandwMth@fHz~

Pulse ~

t

Modified Pulse (chirp, matched 20d

1

or 1/4 percent of f.
filter, pulse compression and T (whichever is greater)
pulse stretch type radars)

Pulse Doppler g
t )

w 3 x 10-4 fQ

FM/CVJ Zbf+sxlo-dfo

6.4 Rmfa.r systems tunabfli~ .- The frequency band of tbe radar shall be the band approved for the speci-
fic equipment by the Jofnt Frequency Panel, Untted States MUltary Communication Electronics Board and shall
be specified in the contract. Radar systems shall be capable of being tuned over MS approved band or a band
of frequencies at least as great as IO percent of the mldbaml frequency. Radar systems may be continuously
tunable, or have the capability to tune in discrete steps of 00 more than 2 percent of the opera@ frequency.

6.5 Antenna side lobe suppression. - The ffrst major antenna side lobes shall be down at least 20 db
from the main bcam, and all oZher lobe s shall be at least SO db down from the main beam.

6.6 Radar transmission spurious radiations. - All radtated emissions not required by the radar to pro-
vide its servtces shall be held to a mfntmum. In no fnsGince shall the spectral level outside of the maximum

8
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allowable radar emission bandwidth (see 6.3) exceed the foMvingvatues, when thecenter of thecarrierfre-
quency, f. @ within the frequency mnge showm

Limit of spectral level
(within fr~$~ range of) (at tie transmitter antenna input)

(milliwatts*) (dBm@iz)

100 to 400 6. S1 X 10-5 -42
400 to 1,215 2.51 x 10-4 -36

1,215 to 2,700 L 26 X 10-3 -29
2, ?00 to 5,000 2.51 X 10-2 -16
5, 000 to 8,500 Loo x 10-1 -10
8,500 to 40,000 3.16 X 10-1 -5

6.7 - receiving system. -

6.7.1 The radar receivfng system required acceptance Mmdwidt.hs are specified hereinafter:

~ modulation Required acceptance bandwidth

Pulse 20/t
Modified Pulse 2od/t
Pulse Doppler 20/1

3 x 10-’%
FM/CVJ 2Af + 3 X 10-4fo

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

6.7. S The stabili~ of receivers shall be commensurate with that of associated trmsmitters.

6.7.4 F&Mar receivers shall not exhibft any radiation in excess of -67 dBm, measured at the receiver
input terminals.

7. N~ES

7.1 Intended use. - When this standard fs referenced, the following data wlU be required to be furnished
fn order to comply with the requirements specified in the stadard.

(a)

ib)

(c)

(d)

(e)

Requests for proposal should contain all information requ.tred by the procuxing activity to be

furn.isb~ in accordance wft.b thfs @mdard.
The contractor will furnish a design criterta plan 90 daYs after contractawarddesctitilnghow

his proposed radar system design wUi meet the requirements of this standard (see 4. 1).
The contractor wfll submit a test plan 45 daysprfor to the start of testing, detailing tests to be

performed.

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

A test report will be submitted for evaluation by the procuring activity to determine conform-

ance with this standard.

Supersedes page 9 of 1 @cember 1966
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7.2 International stan&@zation ~ eeaneuts. - Certain provisions of this standard are the subject of
international standardization agreement (International Telecommualcations Union Radio Regulations). When
amendment revisioq or cancellation of tile standard ie propowf which will affect or violate the interna-
tional agreement concerned+the prem activity will takeappro~riatereconciliationactionthroughWer-
tio~ ~stion drwmels,ticludngdepartmen=@awlar&@onoffices,K r~ed.

custodians Preparfng activity
Army - EL Navy-sH
Navy-m (Project MISC-0438)
Air Force -17

Review activities:
Army - EL
Navy-sH,As,os
AirForce-17

Supersedes page 10 of 1 December 1966
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APPENDIX

A4JM.HJREMENTS

10. GENERAL MEASUREMENT REQUIREMENTS

10.1 AU measurements descrtbed herein ehaU be performed using the procedures spectffed herein or by
fully described and justified alternate procedures presented in the approved test plan.

10.2 Measurement frequencies. - Measurements shall be made at each of the three etandad test fre-
quencies in each tuning band or the operating frequency closest to Lie standard testfrequency.

10. S Test sites. - Tests shall be performed at locations meeting the requirements specified in 10.3. L

10.9.1 Test site criteria. - An open field or a.nechoic chamber measurement site shall appraxf.mate he
space conditions such that the power density (P~ measured at the test site should be within ~ 2 dB of the cal-
culated PD using Friis equation

%
P

‘D= 4nR

where R is the horizontal separation between the equipment antenna and the test smtenna. Any variations
from the calculated power density shall be expfafned in the test report. If the variation Ls greater than A 3
dB, tests shall not be continued without the approval of the contract@ officer.

10.4 Determfnaffon of- power level and fr uencies. -
-%K-

A standard procedure is recommended for
determining signal power~evel~md frequencies which re ce, to a large exten~ the effects of component
changes with time and inherent inaccuracies or instabilities or botn 01 some of the test equipment,

+-%%ecF%%+’*FEOEt’’’~>*’- The technique used W referred to as *’sfgnal SuMitutton” and

as o OWS: In determining the level of a signal beingmeasured on a spectrum analyzer or fre-
quency selective voltmeter (FSVM), the indication on the -merit [either a vertfcal deflection or meter
reading) is noted. The source of the signal fs then replaced by a sigmal generator whose output has been
referenced to a secondary srandard thermal power meter. For measurements made with the spectrum
analyzer, the signal generairx shall be unmodulated [CW). For ~llJ!3i2 measurements made with a FSVM
@imariIy those in tie a~endix 40.3 and 40. 5), the signal generator shaN 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 sjguai generator to the irequene] of the signal being measured and
@just for a maximum response on the receiver. Adjust the level of the generator until the response pre-
vfou.sly noted has been regaiwd. The level of the calibrated geuerator is +Aen read off the attenuator diaL
In cases where an external variable attenuator is use4 the leval oi the signal source is determined from
the external attenuator.

10.4.2 Frequency of the sfgnal generator may be obtained by connecting the output of the generator to a
frequency counter. “incases where the sfgnal to be measured is above the frequency lfmits of the counter,
it fs necessary to convert this frequency to one which faLls within the counter limits. This may be done
using a transfer oscillator, frequency converter, and m9xers.

10.4.2.1 For frequencies which lie wtthin the Ltmita of the Lransfer oscillator or frequency counter,
usually between 10 MHz and 12.4 Cl% the procedures for determining frequency shall be as described fn
the operating fnstmctfons for the instrument. For frequencies abcve ?2. 4 GHz. it will be necessary to mfx
the sfgnal source frequency with a barmmfc from a signal generator whose fundamental frequency lies within
the frequemy Ilmits of the transfer OSCi.l12t0r/frequency converter. Figure 1 is a block diagmm of a typical

setup for frequency measuremmt. With tkis method, the mixer output is fed to an audio amplifier to provide
sufficient signal level to be obsened on an oscilloscope. The frequency of the sifpl generator is varied
until one of its harmonfcs (predetermined) mixes wfth the signal source, providing a zero beat as observ~
on the oscilloscope.

Supersedes page 11 of I December 1966
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Figure 1-Frequency measuring 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 sfgnal generator to the transfer oscillator/
frequency converter and determine the frequency of its fundamental signal. This value multiplied. by the
appropriate harmonic number, wtll provide the frequent y of the signal source.

10.4.9 An alternate meti@ which may be used M an audio amplffier is unavailable, is to replace the

ampiifier 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 sfgnai generator for a peak indication on the FSVW the frequency of the sfgnal source
may be determined by measuring the signal generator frequency as above. Care must be taken to assure that
the difference frequency, as eet up on the FSVW is added to or subtracted from the signal generator harmonic
irequency, as appropriate.

20. INSTRUMENTATION

20.1 Chofce of instrumentation shall be in accordance wtth good engineering judgement employing
equtpment that is in keeping wtth &? state of the art and wMch has been calibrated within preceding 6 months
with calibrations traceable to the National -eau of Power level readings shall be within 22 db.
Frequency measurements shall be within 1 part in 1 AU &ernal attenuators used shali be accurate to
1 db. ‘i%e insertion losses of filters, directional couplers, or other sfgnai sampling devices shall be known
to+l db.

20.2 The waveguide transitions and coax-to-wavegufde adapters used in the receiver tests specUM in
Section 30 of this appendix shall have fnput impedances of 50 ohms and VSWRlesstitan1.3:1independent of
bad. The insertfon 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 s~ be calibrated using the sSgnal substitution method speeifhxf
herein. All FSVM’S used in these measurements shall be monitor- by aural and visual methods. An oscil-
loscope shall be used as a vfsual indication device in additfon to instrum ent meters. When using an FSVM
with different detectnr”ftmctions (e.g., Pulse Peak,IXrectPeak,CW,Field Intensity, Quasi-Peak, CW ~
and so fomb), the ap~oprbte detector function shall be utiltied For puked r* m~ems, a X* d~-~
function Sbail & used.

20.4 When maMng measurements requiring recwery of thepufaeenvelope (see 50.2 of this appendix).
the 3-dB bandwidth of the FSVM shallbe sufficient to recover at leMtt 90 percent of the energy contained

“. within the pulse. For fixed frequency pulses, the bandwl~ in megahertz, shall be at least 2& where T
. is the nominal system puisewidth in microseconds. For frequency deviated pulses (pulse compression sys-

tems), the bandwidth shaU be at lezux 2dfi where d is the pulse compression ratio. Where ffne grain spec-
trum detMs are to be obsen%d (as in 30.4 and 30.5 of this append& the 3-dB bandwidth shaii be less than
l/lKor 2d/10 T for fixed frequency xes or frequency deviated pulses, respectively. At present, the
spectrum analyzer is the only wfdefy available instrument wtth a bandwidth narrow enough to meet the above
~ements.

20.5 ~pical block diagrams showing test setups recommended for the performance of these measure-
ments are contained in each measurement section Instrumentation is listed by equipment type. A table of
recommended equfpment is presented in table ITL TMs equtpment, or equivalent substitutes, shall be ued
whenever possible. As new equipment becomes available, the equipment list will be changed accordingly.

Table IXI- Recommended test equipment, or equivalent.

. . .

E?&E?!%!%
ANTENNA

Stoddart
Empire Devices
Pokuad
Pc%rad
Polar5d
Polarad
Microline
MicroLfne

Supersedes page 13 of 1 December 1966

Model

91280-1
NF- 105
CA- L
CA-S
CA-M
CA-X
S6Xl
S6Ul

Frequency range

20 to HMOMHz
15kXatol. OGHz
1 to 2.24 GH.z
2.14 to 4.34 GHa
4.19 to 7.74 GHa
7.36 to 10.0 GRz
8.2tox2.4GHa
12.4 to18. OGlia

13
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~le III - Recommended teet equlpmen& or equivalent (coat’ d).

Equipm&t

ANTENNA (c&t’d)

Microline
b93croUne
Polarad

Attenuator

Weingchel
Weinechel
Wetichel
Weinimbel
WeinacheI
Weinschel
Weinachel
Weinechel

ATTENUATOR - VARIABLE

Hewlett—I%Wkard
Hewlea- Packard
Hewlett- Pzckard

BOLO=ER

Hewktt—Pac.km%
General Microwave
Hawlett-Paclmrd
Hewlett-Pnckarcl
GeneralMkrOvmve
mwkm-~
GeneralMicrowave
H’ewlett-packard
Oeaeralhflcrowave
Hewlett-Packard
General Microwave

FIELD INTENSITY METER

Empire Devices
Empire Devices
Empire Devices
Empire mvice9
spire Devices
Empire Devtces

Soddart

Soddart

Polarad
Polarad
Empire Devices
Empire Devtces
Emptie Oevtces
Kmpire Devices
:MW&lart

Polarad

Model Frequency range

56Kl 18 to 26.S GHz
56VI 26.i to iO. OGHz
CA- R For Use wttb CA-M, CA-X

210-5
210-10
210-20
210-20

50-5
50-10
50-20
50-40

P282A
K382A
R282A

478A
N420, 421, 422
M486A
X486A
X420
P466A
U420
K486A
K420
R486A
A420

BAmF- 105
T-1/NF-105
T-2~-105
T;9h~;10J

T-1~--l12
NM-30A
NM-92A
R-BI
RR-s(plug-in)
T-2mF- 1n
T-S/NF-112
T-4/NF- 112
T-5/’NF-ll.2
NM-62A
EMA-91OA

ltolOGHz
ltolOGBZ
ltolo GRz
ltolOGHz
DCto3. OGEz
Dcto9. oGHz
DCto9. OGFiz
DCto3. OGHz

12.4to18GHz
18 to 20.5 GHz
26.5 to 40 GHz

10 MHztolOGHz
IoMHztoloGHz
10.0 to 15.0 GEz
8.2to12.4GHz
8.2to12.4GHz
12.4to18GHz
12.4to18GBz
18 to 26.5 GEz
18t026.5GHz
26.5 t040GEz
26.5 to 40 GHz

Ba8ic VIlit
2oto200. oMHz
200t0400MEz
400to 1000 MHz
Bxic unit
0.9t02.1 GHz
10 to 400 MBz
S75 to 1000 MHz
Baetc unit
4ootolooo MHz
2t04GHz
S.9t07.2GIZz
4. Oto10.2GIIZ
10to16GBz
ltolOGBz
1 to 10 GEz
ltolOGHz

Downloaded from http://www.everyspec.com



MIL-STD-469
90 March 196’?

Tab]e ~ - Recommended test equipmerit, or equivalent (cent’d).

!kW2!?Q Model Frequency range

WAVEGUfDE TRANSITION (Cm

Aircom 195-KU-K 12,4 to 18 GHa
18 to 26.5 GHz

Aircom ls~.~-~ 18 to 26.5 Gffz
26.5 to 40 G&

30. RADAR TiWNSMi’lY’ER MEASUREMENTS

30.1 The radar transmitter measurements desdbed hereafter shall be performed on all transmitters,
unless othe~ise fndicated.

90.2 Radar transmitter fr equency tolerance. -

SO.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. - AH 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.

30.2.9 The abiuty of a radar transmitter to remain within the frequency tolerances set will provide a
more reliable method by which frequency and eqyipment assignments may be made. TMs test shatl be per-
formed in-line, using the system directional coupler or other suiiable coupling devices. Tbe procedures to
be used are specified hereina.tier.

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. ‘Mm the radar transmitter on and tune it to a
standard test frequency. Adjust itfor normal operatfo& Connect the frequency measuring equipment to the
coupling device using attenuation in the line, ae required. Measure and record the system frequency irn -
mediately after turn-on and at 15-minute intervals thereafter up to 4 hours. Record the time and frequency
of each measurement. Repeat the a@ve test for the other two standamt test requirements.

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

30.3 Radar systems tunability. -—.. . —. —..

30.3.1 Objective. - The objective of this measurement is to determine rhe ability of a radar system to—.
tune over its approved frequency band as specified hereinafter.

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

30.3.3 A measure of the tunabiliw of 3 system is the ability of its transmitter to produce a given mini-
mum outputand of its receiver to produce a given minimum sensitivity over its operating band. Therefore,
the procedures described herein will be to measurethesystem~er outpu~sensitivity and frequency at
each of its operating frequencies. In the case of continuously tunable systems, the frequencies to be measured
shall be the low, mi~ and high stmdard test frequencies, as specflied fn 3.1.18.

30.3.4 Procedures. - The procedures for this test shall be as follms: Refer t6 the block diagrzms,
figures 6-1 z~-= 10-1 and 10-2 for typical test setups for power output and sensitivity measurements.

30.3.4.1 Frequency. - Turte the radar transmitter to one of the operating frequencies (or one of the
dandard test frequencies if continuous tunable) and adjust for lts normal operating conditions. ff the sys-
tem employs a directional coupler or other coupling device connect frequency-measuring equipment to its

Supersedes page 17 of 1 December 1965
17
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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 output, 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 shall be
located at a minimum test site distance as defined 10 S. L 2, and elevated to a hefght such that the energy
received by the test antenna fs a maximum.

50.2.4.1 The output of the test antenna shall be comected to the input of an FSVM via a length of trans-
mission line and attenuators, as required. The IW3ZWantenna shafl be excited by the system transmitter
whenever possible. The FSVM shall be operated wfth the proper detectar fuaction and bandwidth.

50.2.4.2 WiththesystemandtestantennasaXign~tunetheFSVMformtimumresponse.Adjustthe
‘attermationh thelineandthe”~andattemmtorcontrolsoftheFSVM for approximately full-scale deflec-
tion. Connect a strip-chart recorder to the recorder output of the FSWW me gain and attenuator controis
should be adjusted for approximately full-scale deflection of the recorder stylus. Measure the level and fre-
quency of the fundamenta.I of the System with the two antennas aligned using the signal substitution metbo4 out-

lined in this appendix. With all instrumentationset as descrlb~ rotate the system antenna and start the
recorder. R is required that the rotational speed of the system antenna be slow enough so that the recording
equfpment will have adequate time to respond to the radar enew as the beam sweeps past the test antenm

50.2.4.3 For a typical setup with the foihwing parameters, a rotational speed of 5 rpm would yield an
accmcy of approximately 3 dB. Reducing the speed to approximately 1 rpm would yield an accuracy greater
than 1 dB.

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 spee4 rpm

0 = 3 dB antenna beamwidth, degrees

Tr . response time of the FSVM/recorcfer system, in mllltseconds

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 FSVIK Adjust the output level of the generator for a full-scale deflection on the strip-
chart recorder. Start the recorder and record this leveL Rxtuce the level of the signal generator in steps of
5 da recording eaCh level on the strip chart. Continue reducing the generator output until the noise level of
the receiver has been reached. Check tbe antenna pattern to determine its dynamic range. Ii it is not at least
35 dB, remove some of the *e* attenuationin the transmbs~onlfne 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 Qa& - ‘l’be data obtained in this measurement shall consfst of sfgnd generator output level, at-
‘tenuation inserted, cable 10ss, signal generator frequency, system antenna rotation speed. Ait data shall be
recorded on data forms, as Illustrated on figure 16. A sample calculation to determine the power density of
the fundamental ener~ fn the main lobe of the antenna fs specified in 30.4 of thfs appendix In this case,
however, the frequency selective voltmeter used to receive the energy has a bandwidth sufficiently wide
(>2/7) to recover the energy genemdly contafned in the pulse. The power density comput~ 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 shall be presented
with their calibrations.

Supersedesgage43 of 1 December 1966
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