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ABSTRACT

NTI A and nenber agencies of the Interdepartnment Radio Advisory Conmittee
(IRAC) have long recognized the need for a set of neasurenent procedures to
augrment the Radar Spectrum Engineering Criteria (RSEC). In light of this, a
Wrking Party was forned under the auspices of the Technical Subcomittee
St andards Working Group of the Technical Subcommittee, TSC, a subcomittee of the
| RAC, for the purpose of devel oping such a set of neasurenent procedures.

This report presents one or nore test procedures(s) for each of the equi pment
paranmeters covered by the RSEC that wll vyield adequate neasured data for
checki ng against the RSEC. The included procedures and this report were approved
by the | RAC.
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1. I NTRODUCTI ON
1.1. BACKGROUND

The National Telecommunications and Information Administration (NTIA) is
responsible for managing the radio spectrum allocated to the U S. Federal
Gover nrent . Par t of NTIA's responsibility is to: "...establish ©policies
concerning spectrum assignnent, allocation and use, and provide the various
departnments and agencies wth guidance to assure that their conduct of
tel econmuni cations activities is consistent with these policies" (Department of
Conmerce, 1980). In support of these requirenents, the guidance provided by NTIA
with the assistance of the Interdepartnent Radio Advisory Committee (IRAQ

enconpasses the areas of: utilizing spectrum identifying existing and/or
potential Electromagnetic Conpatibility (EMC) problenms between systems of various
departnents and agenci es, provi di ng recomendat i ons for resol vi ng any

conpatibility conflicts, and recommend changes that result in nmore efficient and
ef fective use of the spectrumand to inprove spectrum nanagenent procedures.

The Radar Spectrum Engineering Criteria, RSEC, published as Section 5.3 of
the NTIA Manual of Regulations and Procedures for Federal Radio Frequency
Managenment* specifies certain system paraneters of Federal radar systenms. The
Nati onal System Review Process (described in Section 8.3 of the NIIA Mnual)
requires that agencies requesting certification of spectrum support for radar
systens furnish the equipnment characteristics of these systens by specification,
calculation or neasurenent for conparison to the RSEC. Although the radar
equi prent paraneters indicated in Section 8.3 are defined in the RSEC, heretofore
there has been no published set of neasurement procedures to serve as guidelines
for obtaining the data if they are to be provided by means of neasurenents.
Consequently a Wrking Party was formed under the auspices of the Standards
Wrking Group of the Technical Subcommittee, a subconmittee of the I|RAC. The
Wrking Party was chaired by NTIA and its nenbership consisted of representatives
from the Navy, Arny, Air Force, Coast Guard, FAA and NSA. Its purpose was to
develop a docunent that would contain at |east a possible neasurenent technique
for obtaining adequate data on each of the equipnent paraneters covered by the
RSEC. It was realized from the outset that there are often many techniques for
nmeasuring a particular equipnent paraneter and therefore, a selection of
techni ques shoul d be presented.

1.2. Purpose

This docurment furni shes neasurenent procedures which can be used to provide
data necessary to facilitate the National |evel system review process for radars
whi ch come under the purview of the Radar Spectrum Engineering Criteria (RSEC),
Ref erence Section 5.3 of the NTIA Manual . Specifically, this document:

1. provi des at | east one neasurenent procedure, . for each radar
characteristic specified by the RSEC

*Avai l able fromthe Government Printing Ofice



2. is intended to clarify, by explanation and exanple, the paraneters
submitted for systems review purposes.

3. suggests reasonable interpretation for several test paraneters which are
undefined in the RSEC, such as nunber of frequencies to test, conditions under
which tests are to be perforned, etc.

4. provides a set of test procedures for Government radars.

5. provides a set of test procedures for parameters which may not be
covered by ot her agency test procedures.

1.3. Relationship to O her Docunents

This docunment is subordinate to the RSEC. |If apparent conflicts are
di scovered between this docunent and the RSEC, the RSEC nust be foll owed.
Al though this docunent specifies procedures which are inplied but not nade
specific in the RSEC, it must be understood that this docunent nmust not be
interpreted in a way which dimnishes or extends the authority of the RSEC
Accordingly, this docunent does not:

1. require that only the procedures recomended herein can be wused to
provi de data needed for the Systens Review Process.

2. extend the nunmber or scope of the neasurenents required for RSEC data.

3. limt flexibility on the choice of neasurenment conditions, reference
points, etc., as required to neet the intent of the RSEC

4, require that radar data be based on neasurenents instead of
calculations, nor is it intended to discourage the use of cal cul ated data.

5. pr ohi bi t agenci es from -specifying nore  stringent perf or mance
requi renents, as needed.

6. prohibit submssion of nmeasured data available from devel opnent or
production tests.

1.4. Scope of Measurenment Procedures

These neasurenent procedures are directly applicable to many radars but may
have to be adapted to measure nore conplex radars, e.g., radars with multiple
pul se types, variable PRR s or those using phased array antennas. For exanple,
it my be sufficient to obtain data at a single frequency for a frequency agile
radar and to extrapolate the data to other frequencies. The basic purpose for
obtaining data is to provide a reasonable representation of an equipnment's
utilization of spectrum space and to this end a conbination of nmeasured and
cal cul ated data may be sufficient.



2. SUMVARY OF RSEC PERFORVANCE PARANMETERS

2.1. Radar Eni ssion Spectrum Levels
Group A: No Requiremnent

For Groups B through D:

The linmtation on the permissible levels of RF enmissions at frequencies
other than those required for proper operation of the radar is the fundanental
concept on which the RSEC is based. The actual nunerical limts on the em ssion

spectrum of a radar are dependent on several radar characteristics and must be
calculated from a knowedge of the radar frequency, output power, pulse
repetition rate (PRR), pulsewidth, and pulse rise tinme. In addition, these
limts are dependent on the age of the radar; older radar types are allowed to
neet |ess stringent requirenments. These radar categories are divided anong 4
groups (G oups A through D) sumarized in Table 2-1; details of the description
of "old" vs. "new' radars are contained in the RSEC. Table 2-1 also contains a
value of K applicable to each group of radars; K is needed in the calculation of
t he maxi mum al | owabl e syst em bandw dt h.

Figure 2-1 illustrates the limts given, in the RSEC for the 40 dB emni ssion
bandwi dth, B(-40 dB), and emnission bandwidth at the -X dB floor, B(-X dB). Note
that the frequency scale in Figure 2-1 is plotted in terns of logarithnic
frequency difference from the radar operating frequency, Fo, in Mz. The
absol ute frequencies associated with this figure will depend on the calculation
of the emnission bandwi dths for B(-40 dB) and B(-X dB).

"The maxi mum all owabl e emi ssion bandwidth at the -40 dB level, B(-40 dB),
determned by the parameters listed in Tables 2-1 and 2-2, is that em ssion
bandwi dth outside of which all enissions nust be suppressed such that the levels
lie below the S dB per decade roll-off lines fromthe -40 dB level down to and

including the -X dB level indicated in Figure 2-1." Table 2-2 gives formulas for
conputing the value of B(-40 dB), for the various types of radars covered by the
RSEC. The roll-off slope, S, from the B(-40 dB) to B(-X dB) points is at 20 dB
per decade for Goups B and C, and at 40 to 80 dB per decade for Goup D. The
maxi mum al | onabl e emi ssion spectral |evel between B(-40 dB) and B(-X dB) points
is obtained by subtracting the suppression (dB) given by the followi ng formla,
fromthe maxi mum spectral |evel,

Suppression (dB) = -S-log| ((F-Fg)/[B(-40 dB)/2])]|-40

wher e:
[B(-40 dB)/2] < |F - Fo| < [B(-X dB)/2]

The em ssion spectrum bandwi dth at the -X dB point, B(-X dB), is given by:
B(-X dB) = (10 exp o) [B(-40 dB)]

wher e:

(X-40)/S

Q
1

(0]
1

roll-off slope from-40 dB to X dB points

-3-
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NOTES:

TABLE 2-2

FORMULAS FOR CALCULATI NG B(-40 dB)

Type of Radar Enmi ssion B(-40 dB) NMHz
(A Pul se, non-FM KI(tyt)Y2, Notes 1, 2
(B) Pul se, FM KI(tyt)Y2 + 2B., Note 3
(O Pul se, Frequency- Hoppi ng KI(tyt)Y2 + 2B + Bg, Note 4
(D ow 0. 0003 F,
(E) FMCW 0.0003 Fo + 2Bg

I ncl udi ng spread spectrum or coded pul se radars.
Up to a maxi mum of 64/t.

For FMpulse radars with pulse rise time of less than 0.1 nicroseconds, an
operational justification for the short rise tinme shall be provided.

These formulas yield the total conposite B(-40 dB) bandwi dth of a frequency
hopping radar as if all channels included wthin Bs were operating
simul t aneously. |Individual channels will have a B(-40 dB) radar em ssion
given by cases A and B above. For frequency hopping radars, the radar shall
not intrude into adjacent spectrum regions on the high or low side of the
band, defined by Bs, nore than would occur if the radar were fixed-tuned at
carrier frequencies equivalent to the end values of Bs and was conplying wth
the constraints of radar em ssion types A and B above.

B = bandwidth of the frequency deviation (the total frequency shift during
the pul se duration) in Miz.

By = bandwidth of the frequency deviation (peak difference between
i nstantaneous frequency of the nodulated wave and the carrier
frequency) (FM CWradar systens).

Bs = maximum range in Mz over which the carrier frequency will be shifted
for a frequency hoppi ng radar.

ty = emtted pulse rise tine in pusec. fromthe 10% to 90% anplitude points

on the leading edge. For coded pulses, it is the rise tine of a sub-
pul se; if the sub-pulse rise time is not discernable, assune that it is
40% of the time to switch fromone phase or sub-pulse to the next.



and:

X(dB) = 60 dB or
Whichever is the larger value for Groups
X(dB) = P(t) + 30 B and C
X(dB) = 80 for Group D
P(t) = P(p) + 20 log(Nt) + 10 log (PRR) - PG -90, where:

P(t) = maximum spectral power density, in dBm/kHz
P(p) = peak power, in dBm

N = total number of sub-pulses in pulse, N =1 for non-FM pulse and
FM pulse radars

t = pulse width, in microseconds
PRR = pulse repetitiod rate, in pulses/sec*

PG = processing gain (dB), O for non-FM, non-encoded pulse radars
= 10 log (d), for FM pulse radars
= 10 log (N), for coded pulse radars

d = pulse compression ratio
Section 6.3 contains examples of numerical calculations and additional graphs.

It should be noted that there are no limits, . per se, on peak power, pulse
width, pulse rise time, or PRR. Sections 4 and 5 contain measurement procedures
for these quantities, because they are needed as input parameters in calculations
of the emission bandwidth 1limits and are, in addition, required data for
frequency allocation procedures.

2.2. Antenna Pattern
Groups A and B: No requirement
For Group C and D:

Since electromagnetic compatibility considerations involve phenomena which
may occur at any angle, the allowable antenna patterns for many radars may be
usefully described by "median gain” relative to an isotropic antenna. Antennas
operated by their rotation through 360 degrees of the horizontal plane shall have
a "median gain" of -10 dB or less, as measured on an antenna test range, in the
principal horizontal plane. For other antennas, suppression of lobes other than
the main antenna beam shall be provided to the following levels, referred to the
main beam:

first three sidelobes-17 dB;
all other lobes-26 dB.

*The PRR used in these calculations is the average PRR, as measured by a counter
in a period of one second or longer.



2.3. Frequency Tol erance

Group A Not covered by the RSEC, but Section 5.2.3 of the NTIA Manual may be
appl i cabl e.

For Groups B through D:

Radar transmtters shall neet a frequency tolerance no larger than those
not ed bel ow

Frequency range (MHz) Tol erance (Parts/M 1 1ion)
bel ow 960 400
960- 4, 000 800
4, 000- 10, 500 1, 250
10, 500- 30, 000 2,500
30, 000- 40, 000 5, 000

2.4. Radar Tunability
Group A: No requirenents
For Groups B and C

Each radar shall be tunable in an essentially continuous nmanner either over
the allocated bands for which it is designed to operate, or over a band which is
10 percent of the midband frequency. Crystal controlled radars conform to this
requirenent if operation at essentially any frequency across the band can be
achieved with a crystal change.
For G oup D

Radar system shall be tunabl e over the entire 2700-2900 MHz band.
2.5. Radar Receivers
Group A: No requiremnent
G oup B:

The overall receiver selectivity characteristics shall be comensurate with
or narrower than the transnitter bandwidth, as portrayed in Figure 2-1.
Rej ection of spurious responses, other than image responses, shall be 50 dB or
better except where broadband front ends are required operationally. Receivers
shall not exhibit any local oscillator radiation greater than -40 dBm at the
receiver input ternminals. The frequency stability shall be conmensurate with, or
better than, that of the associated transmtter.

Group C and Dt

The overall receiver selectivity characteristics shall be conmrensurate with
the transmitter bandwidth, as portrayed in Figure 2-1. Receivers shall be



capable of switching bandwidth |linmits to appropriate values whenever the
transmtter bandwidth is switched (pulse shape changed). Recei ver i mage
rejection shall be at least 50 dB, rejection of other spurious responses shall be
at least 60 dB. Radar receivers shall not exhibit any local oscillator radiation
greater than -40 dBm at the receiver input termnals. Frequency stability of
receivers shall be commensurate with, or better than, that of the associated
transmtters.

2.6. Measurenment Capability
Group A: No requirement
For Groups B through D:

In order to coordinate radar operations in the field, an accurate
measurenent of the operating frequency is necessary, an accuracy of % 100 parts
in 10 exp6 is adequate. O conparable inportance is the capability to neasure
pulse rise tinme and spectrum occupancy. Accordingly, each Government agency
shal | have access to the instrunentation necessary to make a frequency
measurenent to at least +100 parts in |0exp6 and suitable oscilloscopes and
spectrum analyzers to neasure tine and frequency paranmeters necessary to
determ ne conformance with these criteria. For fast rise time devices, such as
magnet rons, oscilloscopes w th bandw dths of at |east 50 Mz shoul d be used.



3. GENERAL NMEASUREMENT PARAVETERS AND TEST CONDI TI ONS

3.1. Introduction

The recomendations nade in this section, if inplenmented, should provide
wi th reasonable confidence, data that is representative of the radar. It is not
practical to exhaustively test a radar wunder all anticipated operational
configurations and operating conditions. The follow ng sections contain guidance
to agenci es, recoomending a practical subset of t est conditions and

configurations.
3.2. Radar-tuned Frequencies

The radar-tuned frequencies, F(0), to be wused in the -enission and
susceptibility tests to verify conpliance with the RSEC are summarized in Table
3-1.

3.3. Frequency Test Range for Spurious Enissions

At a given radar-tuned frequency, a radar should be tested for spurious
em ssions continuously over the entire frequency range between F(Mn) and F(Max)
as defined below. In radar systems using a coaxial transnmission |ine between the
transmtter and antenna, F(Mn) is the mnimum of 0.5 F(0), or F(base) [where
F(base) is the lowest frequency used in a frequency mltiplying or frequency
synt hesi zing nmethod of generating F(0)]. In a system using waveguide to connect
the transmitter to the antenna F(Mn) is 0.5 F(0) or 0.9 F(co), whichever is
greater. F(co) is the wavegui de cutoff frequency.

F(Max) is defined by the following |ist:

F(O (GHz) F(Max) (GHz)
0Oto 2 10 F(0) or 10 GHz, whichever is less
2to 5 5 F(0) or 18 CGHz, whichever is |less
5to 12 4 F(0) or 26 CGHz, whichever is |less
12 to 40 3 F(0) or 40 CGHz, whichever is less

Note that neasurenents in waveguide systens at frequencies which are above
the normal operating range of the waveguide (e.g., harnmonics of a signal) are
extremely difficult and nmay be inpractical to nake if accuracy is needed. The
sanme inaccuracies and uncertainties occur in the calibration factors of wavegui de
directional couplers, in waveguide antenna feeds, and in all other waveguide
systens operating at frequencies above their normal operating range. Therefore,
if the possibility exists, performthis testing at points where the signal flows
t hr ough coaxi al conponents.

3.4. Reference Point for Measurenents
The values determined for the radar paraneters associated with transnmitted
or received signal anplitudes shall be referenced to the input to the antenna.

When tests are perfornmed at sonme other point in the system additional
calibration data nmust be obtained to convert neasured data to the (sonetines

-10-



TEST PARAMETER

Transmitter
Power Output
Pulse Width and Rise Time
Emission Bandwidth
Spurious Emission
Frequency Tolerance

Transmitter Tunability

Antenna
Antenna Gain and Sidelobe
Suppression

Receiver
Overall Selectivity
Spurious Response
Tunability
Frequency Stability

Oscillator Radiation

TABLE 3-1
SUGGESTED RADAR-TUNED FREQUENCIES FOR TESTING

RADAR TUNED FREQUENCIES (F,)
(Note 1)

NOTE 1: F, = Lowest nominal radar operating frequency.

F, = Highest nominal radar operating frequency.

F, = Radar operating frequency approximately halfway

between F_and F,,.

11



hypot hetical) reference point at the input to the antenna. Test points are
ranked as follows (nost desirable first):

1) Radar signal sampler incorporated at the antenna input. (closed
system

2) Sanpler inserted at antenna input. (closed systen)

3) Sanpler |located sonewhere between transnmitter and antenna, but
including any bandpass filters or ot her frequency-restrictive
devices. (closed system

4) A calibrated test antenna renotely located from the radar.
(open-field)

3.5. Reporting of Data

The result of testing under several operational nobdes and at severa
frequencies will produce a large quantity of data, which may prove valuable in
the future, and which should prudently be retained by the agency. The
information included in system reviews requested of the SPS, should as a m ninmum
include typical values obtained at F(M, a frequency near the nidpoint of the
operating range. An exception to this gener al rul e occurs whenever
characteristics, not in conpliance with the RSEC are observed. These should be
reported in addition to typical val ues of neasurenents.

3.6. Measurenent Capabilities
The only neasurenent equipnment specifications given in the RSEC are a

frequency neasurenent capability of +100 parts in |0exp6 and an oscill oscope
bandw dth of at |east 50 MHz.
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4. TRANSM TTER OQUTPUT PONER
4.1. Introduction
4.1.1. hj ectives
Transmitter output power, neasured in terns of the peak power, P(p), is

obtained by using this procedure. The peak power is used together wth other
radar characteristics to establish which set of RSEC specifications nust be net

by the radar under test. In particular, the peak power is one of the paraneters
used in determining in which group a radar belongs (Table 2-1) and in determnining
how nmuch ultimte suppression, X(dB), is required in the em ssion spectrum of the
radar .

Average power, P(a), is also a useful parameter which should be neasured in
a radar. For sinple radars, the relationship P(a) = P(p)xPWPRR nay be used to
calculate P(a) if P(p) is known, and vice versa. This section contains a
procedure for direct measurenment of Peak power incorporating the sane equipnent
set-up used for pulse shape neasurenent (Section 5). An alternative procedure is
al so descri bed which shows the neasurenent of average power.

4.1.2. Definitions

The peak power is defined as the power of the nominal "flat-top" |level of the
transmtter pulse, as measured at the radar antenna input port. Measurenents made
el sewhere in the systemmust be corrected to the antenna i nput port.

4.1. 3. Specification Limts

There are no RSEC limts on transnitter peak power. Transmtter power wil
be determ ned by user operational requirenents.

4.1. 4. Test Conditions

Peak power should be neasured for all possible nornmal nodes of operation.
Table 3-1 recommends that these tests be done for a low, mddle, and high
operating frequency.

Absolute antenna gain rmeasurenments are generally difficult to rmake
accurately. Therefore, the selection of a closed-system neasurenment point for

peak power wll be strongly preferred over an open-field neasurenent. (See
Section 3.4).
4.1.5. Rel ation to O her Measurenents

This procedure and test set-up is identical to the first several steps of
the radar pulse shape neasurement procedures. Measurenent of peak power can be
obtained as part of the pulse shape neasurenent procedures, with the follow ng
addi ti onal considerations:
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1. Less rigorous bandwidth requirements are needed to nake peak power
nmeasurenents; the neasurenent system only has to respond accurately to the pulse
wi dth so that the nominal flat-top anplitude can be determ ned.

2. Absolute anplitude calibration nmust be nmaintained in measurenents of
peak power. Therefore, care should be taken to obtain a calibration accuracy of
1 dB or better at the antenna ternminal. Open field neasurenents will wusually be
much too inaccurate to provide a wuseful neasurement of transmitter power,
al though good pulse shape data can often be obtained from open-field
neasur enent s.

3. Additional radar conmponent calibration data may be needed in order to
relate the peak power neasured at the detector to the peak radar power at the
antenna input termnal. This additional data will generally be limted to system
| osses between the signal sanpling point and the antenna.

4, 2. Measur enent s
4.2.1. I nstrunent ati on

The required test set-up is shown in Figure 4-1. Radar signals are
typically obtained through a wavegui de coupler with known coupler insertion |oss.
An attenuator nmay be needed to reduce the anplitude of a test signal to place it
within the neasurenent range of the crystal detector. The w deband crystal
detector is used to convert the radar RF pulse into a DC waveform correspondi ng
to the envel ope of the RF pulse; the DC waveform is displayed by the oscill oscope
using a DC-coupled input node. An oscilloscope camera nmay be used to record the
pul se for further analysis, particularly if the pulse shape is sufficiently
non-ideal so that sone effort is required to establish the position of the
nom nal pulse flat-top. A signal generator, preferably wth internal pulse
nodul ation capabilities, tuned to the approxinmate radar frequency, is used to
provide anplitude calibration of the detector and to verify that the system has
adequate bandwidth for accurate pulse neasurenents. The power neter is to be
included in the neasurenment equipnment if the signal generator does not contain
sufficiently accurate internal anplitude calibration capabilities.

Several precautions nust be observed in order to avoid EQU PMENT DAMAGE or
| NVALI D MEASUREMENTS:

1. Peak and average power levels produced by the radar nmay burn out
nmeasur enent equi pnent. Before any equipnent is assenbled for these measurements,
cal cul ate the peak and average power |evels expected to be seen at the test point
selected. |If attenuators are needed to decrease peak or average power to usable
| evel s, be sure that the rated power dissipation of the attenuator is at |east as
large as the expected average power of +the radar signal at that point.
Addi tional attenuation should also be inserted if peak power |levels exceed the
burnout Ilevel of the crystal detector. Assune a detector burnout |evel of
+20 dBmif no other data is available on the detector being used.

2. Most detectors have a high output inpedance, which will stretch out the
pul se trailing edge considerably and may continuously charge the output to the
voltage produced by the peak pulse power. These detectors require a |ow
i npedance load to operate properly. If no other data is available, assune that
50 ohns or 75 ohns is the required load. If the oscilloscope input or the
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RADAR TEST
FROM SIGNAL
RADA§ COUPLER o
OUTPUT ] o rapar anTEWNA
TUBE ' ———--—\\ L(B)
TEST POINTS* TEST POINT 4
1, 20r3 (not recommended)
ATTENUATOR
‘ ' SIGNAL
—— AS REQUIRED GENERATOR
L(4) ‘
< -
d; : POWER
METER
TRIGGER (Optional)
OR PRE-~
TRIGGER
PULSE FROM
RADAR TTEC R(S)
(optional) DETECTOR ,
LOAD
SYNC CAMERA (Optional)
INPUT
ON\ lll ’
!
P
0SCILLOSCOPE
*See paragraph 3.4
Figure 4-1. Instrunmentation for Peak Power Measurenents.
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detector output has a low inpedance internal load, no external termnation wll
be needed, but the cable connecting the oscilloscope to the detector mnust natch
the inpedance of the internal load. Al anplitude calibration mnmust be perforned
with the selected ternmination in place. Sone crystal detectors enploy AC- coupled
output circuits. CW signals cannot be used to calibrate these. Use a pulsed
signal generator with duty cycle and pulse width characteristics simlar to the
radar under test.

3. The bandwidth of the detector/oscilloscope system nmust be tested to
assure a rise tinme neasuring capability of less than one-fifth the radar pulse
wi dth. A neasurenent system response tinme which is too slow will prevent the
actual pulse peak anplitude from being seen. The time response of the system nay
be tested by wusing the internal pulse generation capability of the signal
generator to generate a pulse with a duration substantially shorter than that of
the radar wunder test. |If this test shows a well-behaved trapezoidal pulse
relatively free from overshoot or "glitches" on the leading or trailing edges,
with rise and fall tines less than 1/5th the pulse duration of the radar under
test, one nmmy assune adequate instrunentation bandw dths. If the above
conditions are not net, it wll be necessary to try another signal generator,
term nati on arrangenent, or oscill oscope.

4.2.2. Test Procedures

Before any equiprment is connected to the radar, be sure that expected radar
power levels in the nmeasurenent system have been calculated and that adequate
attenuation has been inserted to protect neasurenent instrumentation. Set up the
test instrunentation according to the procedures in 4.2.1. This may be described
using a formsimlar to the Radar Peak Power Data Form (Figure 4-2).

a. Connect the signal generator to the detector and apply a gated +10 dBm
signal with the same pulse width and PRR as the radar's, using the fastest
rise tine setting on the signal generator. Note the waveform and maxi mum
pul se anplitude on the oscilloscope display. The oscilloscope display
should show a nearly rectangular pulse (flat on top), with very fast rise
and fall times, and with only a snmall anpbunt of overshoot. Adjust the
oscill oscope triggering and sweep rates to give a good picture of the
entire pul se.

b. Connect the detector to the RF signal from the radar and adjust the
attenuation to give about the sanme oscilloscope deflection as in step a.
The peak signal level fromthe radar is now nearly +10 dBm

c. The use of the oscilloscope external trigger input with a pretrigger
pul se from the radar will often facilitate getting a stable trace on the
oscill oscope. The oscilloscope trace will be considered suitable for peak
power neasurenents if the radar pulse nominal flat-top can be determ ned.

d. From the oscilloscope trace of the radar pulse, determ ne the nom nal
flat-top anplitude, using the criterion described in Section 5.1.2. Mark
this anplitude on the oscilloscope screen or record its position in sone
ot her suitable manner.

e. Renobve the radar signal from the crystal detector and connect the
signal generator to it. Adjust the signal generator to the sane PRR and
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DATE Cct. 17, 1979

Opr. D. Jones

Equi pnent under Test

Transmitter nonencl ature FPN- 395A Ser. No 3

Freq 3000 MHz Mode_ 3us PW PRR_395 pps

Selected Sampling Point:

ITEM - NOTES LOSS (dB)
Wavegui de Coupl er (Type N14/A) - (Measured) 55.0
20 ft. test cable (Measured at 3000 MHz) 7.2
10 dB Attenuator (Cali brated) 10.1
Total | oss between sanpling point and detector,= L(A) 72.3 dB

Si gnal | oss between sanpling point and antenna i nput

| TEM - NOTES LCSS (dB)

Coupl er (Mainpath) - (Measured) 0.3 dB

Wavegui de, Switches, TR, Rotary Joint, etc. 0.9 dB
(Measur ed)

Total loss fromsanpling point to Antenna I nput, L(B) 1.2 dB

Figure 4-2. Radar Peak Power Data Form (Page 1 of 2).
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Ref erence si gnal :

Si gnal generator |evel Rg 12. 6 dBm
Cabl e | osses to det. 0
Net signal at detector, R(S) 12.6 dBm

Peak Power cal cul ations

P(P) R(S) + L(A) - L(B)

P(P) 12.6 + 72.3 - 1.2 = 83.7 dBm

Aver age Power (Optional)

PRR 395 pps 10 I og PRR 25.9

Pul se wi dth 3 us 10 1 og PW 4.8

Py = Pp + 10 log (PRR) + 10 log (pul se width) - 60

83.7 + 25.9 + 4.8 - 60 = 54.4 dBm

Y
QD
1

Figure 4-2. Page 2 of 2.
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pul se width as the radar. Adjust the signal generator anplitude until the
detector output is equal to the nonminal flat-top anplitude determned in
step d. Note the signal generator output reading, R(g) in dBm Record
the | oss of the cable connecting the signal generator to the detector.
Cal culate the signal level at the input to the detector R(S) as indicated
in Figure 4-2.

f. Measure or otherwise deternmine the following losses: L(A) =loss (dB)
from coupler input to crystal detector input, including coupler loss and
any external attenuators. L(B)=loss (dB) from coupler input to antenna
i nput

g. Calculate Peak power, P(p) (dBn) = R(S) + L(A) - L(B)

Repeat for other radar operating node/frequency/pulse nodulation conbinations.
If the measured values of peak power are the sane for all conbinations, it wll
not be necessary to submit multiple data on peak power. If different powers are
nmeasured, each peak power reading should be identified with the respective
operating conditions.

4.3. Sanple Data and Cal cul ati ons

Figure 4-2 is a sanple conpleted data form There is no requirement to use
this form but it provides a neans of recording the data needed for the peak
power cal cul ations.

The form contains an initial section identifying the radar under test (type
and serial nunber), as well as the particular operating condition of the radar
(frequency, PRR, node).

The next section of the form contains several lines which may be used to
item ze |osses between the selected sanpling point and the crystal detector. In
the exanple shown in Figure 4.2, the only elenents included are the coupling |oss
of a waveguide coupler (nmeasured at 55.0 dB), a 20-ft cable between the coupler
and the detector (measured at 7.2 dB at 3000 MHz), and a 10-dB attenuator (with a
10.1 dB calibration indicated). The total of these losses is 72.3 dB between the
sanpling point and the detector.

Note that the selected sanpling point nust be a point in conmopbn between the
signal path to the antenna and the signal path to the detector; therefore, the
i nput to the wavegui de coupl er was sel ect ed.

The next section of the form contains data on |osses between the selected
sanpling point and the antenna input terminal. Since the peak power neasurenents
nmust be referred to the antenna input termnals, measurenents at the detector
nmust be corrected to that point (not to the radar tube output).

The next section contains data on the signal generator source. A line is

provided for cable |osses between the generator and the detector. In the sanple
problem cable loss is 0 dB since the detector is connected directly to the
generator output. It would also be equal to O dB if a power neter were used to

calibrate the signal at the detector end of the RF cable.

Using the data in the above sections, the peak power calculations result in
+83.7 dBm Finally, an optional section is included which allows conversion of
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peak power to average power. The calculation of average power is thereby
facilitated.

4. 4. Alternative Measurenent Mt hods
The test procedure described in the previous two sections was selected

because it is conveniently perforned wth commonly-available equipnent and
because it can conveniently be done in conjunction wth the pulse shape

measurenents. In addition, it results in highly accurate nmeasurenents of peak
power . Alternative techniques have also been identified which rmy have
advantages in certain situations, but which are felt to have somewhat limted
applicability. These will be nmentioned in the remainder of this section, chiefly

so that several potential problens in using them for RSEC neasurenents can be
pointed out. Wth care, these alternative methods my be enployed to give
accurate neasurenents of radar peak power. The following alternative nethods
wi || be considered:

a. Average power neter conversion
b. Peak power neter

4.4.1. Aver age Power Meter Conversion

In this nethod an average power meter is used to measure the average power
output of the radar. If the radar has a sufficiently sinple nodul ation type that
the relationship between average power and peak power can be accurately
determned, this nethod gives accurate answers wth sinpler procedures than
described in Sections 4.2 and 4.3. The average power can be converted to peak
power by the follow ng fornula:

P(p) = P(a)-10 log (PRR) -10 log (PW + 60
wher e

P(a) = average power, in dBm

P(p) = peak power in dBm

PRR = pul se repetition rate, in pul ses per second
PW= pulse width in microseconds

In the test set-up for this neasurenent, the sanpled radar signal is connected
directly to an average reading power neter. Sufficient signal path attenuation
should be provided to give a full-scale meter reading with one of the niddle
sensitivity ranges for the selected power neter and sensor head.

NOTE: ONLY THERM STOR- TYPE OR THERMOCOUPLE- TYPE POAER METERS SHOULD BE USED
FOR THIS MEASUREMENT. These power neters are inherently designed to withstand
the peak pulse power of the radar, which may burn out other types of power
meters. |In particular, power neters utilizing diode detection of the RF signal
or utilizing sanplers may be burned out by the high peak power of the radar
pul se. The thermal tine constant of npbst thermnistor and thernocouple type power
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nmeters is sufficient to average out the pulse power, thus protecting the neter.
Check the power neter specifications for limtations on neasuring short pulses
before using the meter for this measurenent.

The remainder of the neasurenent procedure is as follows. Use the power
nmeter to neasure the average power. Convert the average to peak power at the
power neter using PRR and pulse width data. The cal cul ated peak power is called
"R(S)." Convert the peak power values at the power neter to peak power val ues at
the antenna terminal, using the fornula: P(p) = R(S) + L(A) -L(B).

This technique provides relatively accurate average power neasurenents. The
major limtation in converting average power neasurenents to peak power is due to
i naccuracies in neasuring the pulse width, particularly if the pulse is not an
i deal rectangular pul se. For sone pulse shapes, the standard definition of pulse
wi dth may not be suitable to provide values for this power measurenent nethod.

4.4. 2. Peak Power Meter
This neasurenment nethod utilizes a peak power neter to directly neasure the

peak power of the radar at a suitable sanpling point. This nethod is accurate
and practical only if the radar pulse peak coincides with the value of the

nom nal flat-top, i.e., if the radar pulse has negligible overshoot at the
leading or trailing edges. Mst peak power nmeters respond sufficiently fast so
that they wll neasure the maximum anplitude of leading or trailing edge
"glitches," resulting in neasurenents which are higher than the value which

woul d have been selected fromthe nomnal flat-top criterion (see figure 4-3).
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ERROR

— PEAK POWER METER READING

NOMINAL FLAT-TOP

Fi gure 4-3.

Source of Peak Power
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5. TRANSM TTER PULSE SHAPE
5.1. Introduction
5.1.1. hj ectives

Pul se width, t, and pulse rise time, t(r), are the quantities which are to
be neasured by neans of this test procedure. In addition, a picture of the
entire pulse shape is often useful, especially if the pulse shape includes any
significant departures froma trapezoidal pulse.

The RSEC uses the conmbination of pulse rise tinme and pulse wdth to
establish the enission bandwidth limts at the -40 dB level. The sane test
set-up is used for the pulse width and the pulse rise tinme measurenents, although
| ess neasurenment system bandwidth is wusually needed if only pulse wdth is
nmeasured. Note that the same test set-up can be used for the neasurenent of peak
power and that it will often be desirable to perform all of these tests at the
same time.

5.1. 2. Definitions

The transmitter pulse width and risetine are defined by the RSEC as foll ows:

"t = enmtted pulse duration in mcroseconds at 50 percent anplitude
(voltage) points. For coded pulses, the pulse duration is the interval
between 50 percent anplitude points of one chip (sub-pulse). The

100 percent anplitude is the nomnal flat top level of the pulse as shown
in Figure 5-1."

"t(r)= emtted pulse rise tine in nmicroseconds from the 10 percent to the
90 percent anplitude (voltage) points on the |eading edge. See Fig. 5-1.
For coded pulses it is the rise time of a sub-pulse; if the sub-pulse tinme
is not discernable, assunme that it is 40 percent of the time to swtch
from one phase or sub-phase to the next."

The criteria for defining the anplitude at which the nominal flat top |evel
occurs is not given in the RSEC. The following guideline is suggested for

establishing the "nominal" anmplitude: the nomnal flat top level wll be that
anplitude which is exceeded by the pulse for 50 percent of the tine that the
pul se is above one-half of the nmaxinmum pulse anplitude as illustrated by the

dashed line in Figure 5-1.
5.1.3. Specification and Linmts

Accuracies of + 5 percent on neasurenents of t and t(r) are acceptable.
There are no limts on the values of t and t(r), per se, but the RSEC does state
that the use of t(r) smaller than 0.1 nicrosecond for FM pul se-radars or |ess
than 0.01 microsecond for frequency-hopping radars nust be justified on the basis
of operational or technical necessity.
5.1. 4. Preferred Test Point

The preferred test point is defined in paragraph 3.4 and the sane one should
be used for all measurenents of pul se paranmeters and emi ssion spectra.
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Pul se shape neasurenents which are nmade "closed systenl (neasurement points
1, 2, or 3 in Figure 5-2) can generally be nade on an absolute basis and wll
provide accurate data on peak pulse power, as well as pulse shape. Open-field
tests of pulse shape are generally sufficient to provide accurate data on
relative pulse shape, but include too nuch system gain uncertainty to provide
accurate data on peak power.

5.2. Measurenents
5.2.1. | nstrunent ati on

The required test set-up is shown in Figure 5-2. Radar signals are
typically obtained through a waveguide coupler or from a calibrated test antenna,
depending on the selection of the test point. Attenuators may be needed to
reduce the anplitude of a test signal to place it within the neasurenent range of
the crystal detector. A wi deband crystal detector is used to convert the radar
RF pulse into a DC waveform corresponding to the envel ope of the RF pulse. The
waveform is displayed by the oscilloscope which is in a DCcoupled input nopde.
An oscilloscope canmera is used to record the displayed pulse shape for further
anal ysi s. A signal generator tuned to the approxinate radar frequency,
preferably with internal pulse nodulation capabilities, is wused to provide
anplitude calibration of the detector and to verify that the measurenent system
response tinme is adequately fast for accurate neasurenents. The power neter is
used solely to calibrate the signal generator output and may be omtted if the
signal generator contains its own calibration capabilities.

The instrunentation described above has several Ilinitations, which may
result in EQU PMENT DAMAGE or | NVALID MEASUREMENTS if certain procedures are not
f ol | owned:

1. Peak and average power |levels produced by the radar nmay burn out

measur enent  equi pnent. Before any equipnent is assenbled for these
nmeasurenents, calculate the peak and average power |evels expected to be
seen at the test point selected. I|If attenuators are needed to decrease

peak or average power to usable levels, be sure that the rated power
di ssipation of the attenuator is at least as large as the expected average
power of the radar signal at that point. Additional attenuation should
also be inserted if peak power |evels exceed the burnout Ievel of the
crystal detector. Assune a detector burnout level of +20 dBm if no other
data is available on the detector being used.

2. Most detectors have a high output inpedance, which will stretch out
the pulse trailing edge considerably and nmay even continuously charge the
output to the voltage produced by the peak pulse power. These detectors
need to be ternminated properly. If the oscilloscope input or the detector
output has a |ow inpedance internal load, no external termnation will be
needed, but the cable connecting the oscilloscope to the detector nust
match the inpedance of the internal load. Al anplitude calibrations nust
be perforned with the selected termination in place. Some crystal
detectors enploy AC-coupled output circuits. CW signals cannot be used to
calibrate these. Use a pulsed signal generator with duty cycle and pulse
width characteristics simlar to those of the radar under test.
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| RADAR
FROM SICNAL ANTENNA
RADAR COUPLER
OUTPUT TO RADAR ANTENNA
TUBE Tl
TEST POINTS* _
1, 2, or 3 TEST POINT 4
(not recommended)
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SIGNAL
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e AS REQUIRED GENERATOR
L, | -
< _
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TRIGGER // (Optional)
OR PRE-
TRIGGER
PULSE FROM
RADAR o
(optonal) y - DETECTOR
v LOAD.
§§§U* CAMERA (Optional)
4
OSCILLOSCOPE
*see paragraph 3.4 i
Figure 5-2. Instrumentation for Pul se Shape Measurenents.
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3. The bandwi dth of the detector/ oscilloscope system nmust be neasured to
assure a response tinme of less than one-fifth the radar pulse rise tine.
A neasurenent system response tine which is too slow wll distort the
pul se shape being neasured. The tine response of the system rmay be tested
by using the internal pulse generation capability of the signal generator
to generate a pulse with rise and fall times substantially shorter than
that of the radar wunder test. |If this test shows a well-behaved
trapezoidal pulse relatively free from overshoot or "glitches" on the
leading or trailing edges, with rise and fall times less than 1/5th the
rise and fall tines of the radar under test, one nmay assune adequate
i nstrument ati on bandwi dt hs.

4. The «crystal detector is not |I|inear; therefore the 10 percent,
50 percent, and 90 percent voltage points for the RF signal nmay not appear
to be 10 percent, 50 percent, and 90 percent voltage points at the DC
output of the detector. A calibrated signal generator is needed to
determ ne the exact DC output voltages for these input voltages. Wth a
100 percent reference level of 0 dB, the following relationships can be
used to set the signal generator output:

90 percent . . . . . . . . . . -0.9dB
50 percent . . . . . . . . . . -6.0dB
10 percent . . . . . . . . . . -20.0 dB

Anot her problem with crystal detectors is that they do not produce nuch DC
output wuntil RF power levels are relatively high. This tends to lead to
the use of detector power levels which are close to the burnout |evel.

5.2.2. Test Procedures

Before any equipnment is connected to the radar, be sure that expected radar
power |evels have been calculated and that adequate attenuation has been inserted
to protect measurement instrunentation. Set up and test instrumentation response
according to procedures in 5.2.1. The test set-up may be described, using a form
simlar to Radar Pulse Shape Set-up Information Form (Figure 5-3). The
measurenent calibration and results nmay be recorded on a formsinilar to the Test
Data Form for Radar Pul se Shape (Figure 5-4).

a. Connect the signal generator to the detector and apply a gated +10 dBm
signal with nearly the sane pulse width and PRR as the radar, using the
shortest rise tinme setting. Note the waveform and maxi mrum pul se anplitude
on the oscilloscope display. The oscilloscope display should show a
nearly rectangul ar pulse, flat on top with very short rise and fall tines
and little overshoot.

b. Connect the detector to the RF signal from the radar and adjust the
attenuation to give nearly the sane oscilloscope deflection as in step a.
The peak signal level fromthe radar is now near +10 dBm

c. Adjust the oscilloscope triggering and sweep rates to give a good
picture of the entire pulse. (The use of the oscilloscope externa
trigger input with a pre-trigger pulse from the radar wll often
facilitate obtaining a stable trace on the oscilloscope.) This will occur
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Date  Oct. 17, 1979
Opr D. Jones

Eouiomant Under Test {Nominal Characteristics):

Transoittar Nomenclatpre FPN—- 3954 Serial No. 3z

Tuning Range z29 00 - 3100 MAZ
Hodulation PuLse omry

Worinal Palse Width(s) 3 A s
Nominal PRR(s)] 395 250 pr=
Moainal Peak Power + B85 +BS5 4Bm
Hominal Averags Power +545.7 +5¢.8 dB=a
Coazents: FreEQUEMNCIES : 29206, 3000, 3160 ‘

POLSE wIDTHS: Tweo
TOTAL MUMBER oFf TEST MODES = &

Measurensnt Fethod:

pDetalls and comments, if different from recommended proceduras
STAAMDARD ~PROCEDURE '

Test Eoamdvrent and Siemificaot Comtrol Ssttingm:

TeaqronIX 7623 OICILeOSCOPE wirH  [D0MHe  Pue -inus
HP B&e42 SielMAl. GEMERATOR
AErRo YA E 416 DETSLIOR

Test Data:

Selected Test Point Wave curne CouPisR  Foilow it~ ST

Signal Losses to Test Point 620 dB8 Crmeasurep CoHuPusp  Loss )

Peak Powar at Tast Point B -2 = +23 dBm
Avarage Power at Test Point ~S56=-£42 * -G dBm
Attemuation to Reducs Peak Power to +20 dBM g (use (0dB PAD )

Figure 5-3. Radar Pulse Shape Test Set-Up Information Form
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Pulse Width Rise Time

Scale Factor 0.5 us/div. Scale Factor 0.5 ps/div.
Equipment Nomenclature FPN-3954.

Photo No. 5 Measurement Method Standard Procedure

Test Equipment Bandwidth >10 Miz {(Checked Okay)

Nominal Characteristics:

Frequency 3000 MEz PRR 395 pPps
Pulse Width 3 us Mode Short Pulse
Signal Generator Reference Level +14.3 dBm

Measured Values (from photograph):
*pulsewidth (t = no. of div x s/div)

7.1 div ¥ 0.5 wyus/div = 3.55 us
**Risetime (tr = no. of Div x s/div

1.9 div x 0.5 us/div = 0.95 us

**palltime (tf = no. of div x s/div)

2.3 div x 0.5 pus/div = 1,15 us
Comments: Same pulse shape measured for 2900 and 3100 MHz.

*
x+°0% Peak Voltage Point (6 dB below peak).
10% to 90% of Peak Voltage (20 dB to .9 dB below peak).

Figure 5-4. Test Data Form for Radar Pulse Shape
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when the leading edge of the pulse is near the left edge of the display
and the calibrated oscilloscope sweep rate is chosen to give the |argest
display that contains the pulse conpletely on-screen. Choose a vertical
gain and offset (variable gain is satisfactory) that allows the pulse
shape to fill the display. Photograph the pulse shape, naking sure that
the oscilloscope graticule can be seen distinctly.

d. If necessary, readjust the triggering and sweep to get a good display
of the l|eading edge of the radar pulse. Do not change the vertical scale.
The sweep should be adjusted so that the |eading edge of the radar pulse
extends over several nmmjor tine divisions of the oscilloscope graticule.
Take a photograph of the |leading edge of the radar pulse, making sure that
the oscilloscope graticule can be clearly seen.

e. Repeat "d" for the trailing edge of the pul se.

f. Record all pertinent data on the Test Data Form for Radar Pul se Shape
(Figure 5-4). If the grid on the Test Data form is not identical to the
oscill oscope graticule (for exanple, 8 x 10 divisions), cross out or add
grid sections to nake the Test Data graticule identical.

g. From the photograph of the pulse shape, determine the nomnal flat top
anplitude of the radar pulse. Project a line to the righthand Relative
Signal Anplitude scale in Figure 5-4 and at the intersection |abel this as
the 100 percent anplitude point.

h. Connect the signal generator to the crystal detector. Adjust the
signal generator for approximately the same PRR and pulse width as that of
the radar. Adjust the signal generator output anplitude until the
anplitude of the pulse seen at the detector output is exactly equal to the
radar nonminal flat top pulse (called the 100 percent level). Decrease the
generator output by 20 dB. This indicates the 10 percent (voltage) point
on the oscilloscope. Mrk this level on the anplitude scale as the
10 percent line. Note: If there is no distinct change in oscilloscope
anplitude between the 10 percent pulse anplitude and zero signal, it wll
be necessary to go back to the first step of the neasurenent procedure and
repeat it with 5 dB hi gher signal |evels.

i. Increase the signal generator output to 6 dB below the 100 percent
level. This indicates the 50 percent (voltage) anplitude. Mark the
oscill oscope anplitude on the relative anplitude scale as the 50 percent
poi nt .

j. Increase the signal generator output to 0.9 dB below the 100 percent
level. This indicates the 90 percent |[evel. Mark the oscilloscope
anplitude on relative anmplitude scale as the 90 percent level. (If a

0.9 dB attenuator adjustnent is not available, use a 1 dB step and
interpolate to the 0.9 dB step).

k. Scale the levels deternmined in steps h. thru j. onto the photographs.
Using sweep rate information for each photograph, deternine the tine
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bet ween 50 percent points (equal to pulse width) and the time between the
10 percent and 90 percent points on the |eading edge of the pulse (equal

to pul se rise tinme). Repeat for ot her radar operating
node/ f requency/ pul se nodul ation conbinations. |If neasured data for all
the conbinations give the sane results, it will not be necessary to submt
multiple data on t and t(r). It will be necessary, however, to state that

measurenents resulting in single values for t and t(r) were nade on
al | owabl e conbi nati ons of radar operating nodes.

5.3. Sanple Data and Cal cul ati ons

This section contains two conpleted forns, the Test Set-Up Information form
(Figure 5-3) and the Test Data form (Figure 5-4). It wll be assunmed that both
of these forns are used since the information contained on the fornms illustrates
the measurenent techniques. There is no requirement to use this particular set
of formns.

The test set-up information form contains nomnal data on the radar which
will be needed to select test nobdes, to calculate expected power l|evels at the
detector, and to allow calculation of additional attenuation needed to protect
t he det ect or. The first section on the form describes t he nom nal
characteristics of a hypothetical FPN- 395A radar. If some of the radar
characteristics have already been neasured and are known nore precisely, these
values may be used instead of the nominal ones. Said radar incorporates two
conbi nati ons of pulse w dth/PRR, each of which is to be tested at a |low, mddle,
and hi gh frequency, naking a total of six tests required.

The last section of Figure 5-3 contains data on coupler |oss and nom nal
peak and average power expected at the test point. The conputed average power
of -6 dBm presents no average power dissipation problem so that any attenuator
rated at 1/ 2 Watt or nore can be used. The expected peak power of +23 dBm s
hi gher than the desired +20 dBm therefore a 10 dB attenuator is used in the
signal path to reduce the peak signal to +13 dBm

Figure 5-4 contains the values of data neasured during the pul se shape test.
For this illustration, the radar pulse has been drawn on the larger grid. Usually
a photograph of the radar pulse would be attached at that position. Since the
particul ar oscilloscope enployed in the test uses an 8 x 10 grid, the upper two
rows of the grid have been crossed out. The nominal characteristics show that
the radar was tested using its nomnal 3 nicroseconds pulse width (short pulse)
node at the mddle of the operating frequency band (3000 MHz). A note at the
bottom of the page states that tests were also nade at 2900 MHz and 3100 MHz,
giving identical results.

As soon as the pulse picture has been taken, a value is determined for the
nom nal flattop of the pulse. This anplitude is |abeled "100 percent,"” a dot is
drawn on the Relative Signal Anplitude Line at that anplitude. The anplitude of
the pulse is nmeasured by substituting the signal generator for the radar signal
and for this sanple case 100 percent anplitude corresponds to +14.3 dBm
Amplitude levels are also measured for the 90 percent, 50 percent, 10 percent,
and O percent levels, wth corresponding dots being located on the Relative
Signal Anplitude line. Finally, lines are scaled on the photograph to identify
these levels on the pulse. The appropriate distances on the photograph
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multiplied by the time per division gives the rise tinme, pulse width, and fall
tinme.

5.4. Alternative Measurenent Methods

The test procedure described in the previous two sections was selected
because it has the highest degree of general applicability for a test nethod
which wutilizes comonly available radar test equipnment and gives sufficiently
accurate results. Several alternative nethods are available which may offer
advantages in particular situations. Although none of these alternative nethods

will be described in the detail with which the preceding nmethod was described,
the following descriptions will provide enough detail so that the know edgeabl e
engineer can fill in the remaining details. These alternative nethods |isted

bel ow, or any others that can be shown to produce data of acceptable quality may
be used to make pul se shape neasurenents.

a. Crystal detector with 10 percent, 50 percent,
and 90 percent attenuators.

b. Sanpling or direct oscilloscope.

C. Detector Log Video Anplifier (DLVA).

d. Spect rum Anal yzer.

5.4.1. Crystal Detector with 10 percent, 50 percent, and 90 percent Attenuators

This nethod is a variation of the nethod described in Section 5.2. |Its
maj or advantage is that a signal generator is not needed to nake the tests
provided that the neasurenent system has adequate bandwi dth. Instead of using a
signal generator to calibrate the output of the detector of the 10 percent,
50 percent, and 90 percent anplitudes, the radar signal itself is attenuated to
10 percent (20 dB), and 50 percent (6 dB), and 90 percent (0.9 dB). The nethod
has two mmjor disadvantages: it cannot be used to provide an absolute calibration
of peak radar power, and it is often difficult to obtain a 0.9 dB attenuator.

A bl ock diagram of said nethod is shown in Figure 5-5. Figure 5-6 shows the

oscill oscope displays that are seen using this method. The neasurenents will be
nore convenient if oscilloscope sync is obtained directly from a pretrigger in
the radar; wusing the oscilloscope wth internal triggering wll cause the

position of the radar pulse to shift as the radar signal anplitude is changed.

If the pulse shape is measured with a crystal detector and oscill oscope, the
anplitude can be accurately narked by adjusting the vertical offset of the
oscill oscope to nake the 100 percent level fall exactly on one of the horizontal
graticule lines (Step 1, Figure 5-6). If the RF pulse from the radar is
i ncreased exactly 10 percent, acconplished by renoving 0.90 dB attenuation from
the signal path, the portion of the radar pulse which is 90 percent of the
reference level (Step 2, Figure 5-6) now falls exactly on the reference graticule
line. If a total of 6 dB attenuation is renoved from the signal path, the
portion of the pulse which now crosses the reference Iine is 50 percent anplitude
(Step 3, Figure 5-6). Finally, if a total of 20 dB attenuation is renoved from
the RF signal path, the portion of the pulse which was 10 percent of noninal peak
anplitude will be indicated by the reference line (Step 4, Figure 5-6).
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Figure 5-6. Crystal Detector Waveshapes with 10%, 50%, and 90% Attenuators.
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By photographing the oscill oscope displays after each step, or by marking
the points where each pulse trace crosses the reference line, the tine interval
between the 10 percent, 50 percent, and 90 percent points can be easily
est abl i shed, thereby establishing the desired pul se width and pul se rise tine.

5.4.2. Sanpling or Direct Oscilloscope

Conceptually, the easiest way to neasure the shape of nobdulation on an RF

pulse is to nerely display the RF pulse itself on an oscilloscope. In this
di splay, the 10 percent, 50 percent, and 90 percent levels of the RF anplitude
will be linearly reproduced, and can be directly scaled from a photograph of the

pul se. The mmjor problem with the technique is that nobst of the oscilloscopes
avai lable do not have the frequency response necessary to display the RF
frequency of the radar. A few oscilloscopes are available which wll display
frequencies up to 1 Giz. For frequencies above 1 GHz, it wll be necessary to
use a sanpling oscilloscope. Figure 5-7 shows a block diagram of this
measurenent method. The mmjor operational problem with the nmethod is associated
with properly triggering the oscilloscope. Read the oscilloscope instruction
manual carefully for triggering instructions; also be aware of the peak voltages
whi ch may safely be placed on the oscill oscope input.

5.4.3. Detector Log Video Amplifier

This nethod is a variation of crystal detector nethods, which utilizes a
detector log video anplifier (DLVA) nodule in place of a crystal detector. The
DLVA is a conponent available from several manufacturers which conbines a crystal
detector with some logarithmic shaping circuits to give a detector with a
well-controlled logarithmc output characteristic over a 40 dB range. Thus, one
or two 10 dB calibration points are all that are required to relate the
logarithmc slope factor to the oscilloscope graticule. |If the oscilloscope
vertical gain is adjusted to make each graticule division exactly equal to 5 dB
or 10 dB and the nominal top of the pulse is set exactly on a graticule line, the
90 percent, 50 percent, and 10 percent points can be directly read from the
display (-0.9 dB, -6 dB, and -20 dB, respectively). Moreover, the anplitude of
any point on the waveform can then be accurately determ ned. The neasurenent
block diagram is identical to Figure 5-2, except that the detector and l|load are
replaced with a DLVA.

There are two major disadvantages to this method. First, DLVA nodules are
not w dely available. Second, the frequency response of typical DLVA nodules is
around 10 MHz, which wll linmt neasurenents to pulses with rise tines of 0.2
ni croseconds or nore.

5.4.4. Spect rum Anal yzer

A spectrum anal yzer can be used in a zero-scan width node to get a display
of pulse shape which is well calibrated in anplitude and tinme. The chief problem
with the use of a spectrum analyzer is that npst spectrum analyzers have a
maxi mum | F bandwi dth of 300 KHz or 3 Miz. Thus, use of a spectrum analyzer is
limted to measurenents of radars wth pulse rise times of nore than
16 microseconds or 1.6 nicroseconds. It is a very convenient instrunent to use,
however, and later model s of spectrum analyzers nmy have wider bandwi dt hs
available. A feasible configuration for neasurements utilizing a spectrum
anal yzer is shown in Figure 5-8.
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Figure 5-8, Spectrum Analyzer.
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6. EM SSI ON SPECTRA

6.1. Introduction

6.1.1. hj ectives

The measurenments described herein are fundamental to spectrum conservation
in radar bands. In general, nost radars produce spurious em ssion sidebands,
which are not needed for proper radar operation. These can cause interference to
radars operating on adjacent frequencies. These spurious em ssion sidebands are
caused by certain non-ideal characteristics of the radar transnmitter.

Since various radar functions require different signal bandwi dths to perform
properly, it is not reasonable to set a single allowable em ssion bandwi dth for

all radars. Therefore, the RSEC provides fornmulas to calculate the allowable
radar em ssion bandwi dth and maxi rum spectral |evel, based on specified radar
operating characteristics. These radar characteristics include the pulse wdth
and the rise tine of the pulse, and the radiated power of the radar. In

addition the age of the radar is considered in these calculations. Newer radars
are required to neet nmore stringent specifications. The details of these
calculations are available in the RSEC and in Tables 2-1 and 2-2.

6.1.2. Definitions

The neasurement paraneters of emssion spectra of radars is spectral power

density, P(t), in dBmkHz. This parameter is the average power per unit
bandwi dt h, averaged over a conplete radar pulse repetition cycle. In practice,
spectral power density of a radar signal is difficult to neasure directly.

Therefore the RSEC gives a fornula for calculating spectral power density from
paranmeters that can be neasured.

P(t) = P(p) + 20 log(Nt) + 10 log (PRR) - PG -90, where:
P(p) = peak power, in dBm

N = total nunber of subpulses in pulse (N=1 for non-FM pul se and FM
pul se radars)

t = pulse width, in mcroseconds

PRR = pul se repetition, rate in pul ses/sec
PG = processing gain (dB), 0 for non-FM non-encoded pul se radars
= 10 log (d) for FM pul se radars
= 10 log (N) for coded pul se radars
d = pul se conpression ratio

Radar em ssion bandwidth, B, is the frequency range (in Mz) between the
| owest frequency where the spectral density is higher in anplitude than -40 dB
(with respect to the highest spectral anplitude at the radar operating frequency)
and the highest frequency where the spectral density is higher in anplitude than
-40 dB points. Bis to be nmeasured at the input to the antenna.
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Maxi nrum al | owabl e radar enission bandwi dth, B(-40 dB), is the nmaxinmm
all owable value of B for a given type of radar. B(-40 dB) is calculated
according to the fornulas given in section 6.1.3.

The Maxi rum Eni ssion Spectral Level, X(dB), is the anpbunt of suppression
(in terns of dB bel ow the peak spectral density at the radar operating frequency)
required for frequencies substantially renoved from the radar operating
frequency. A transition region between the 40 dB suppression required at the
edge of B(-40 dB) and the frequency range specified by the maxi num emn ssion
spectral level is also defined. Figure 2-1 shows the details of this transition.

6. 1. 3. Specifications and Limts

The RSEC specifies maxinmum allowable limts for B (specified at the 40 dB
down points and neasured at the antenna input, called B(-40 dB). This is
determined by calculating an allowable value, based on the radar operating
characteristics and other considerations.

For Non- FM pul se radars:

B(-40 dB) = K/ (t,t)Y2? or 64/t, whichever is Iess.
K =10, 7.6 or 6.2, according to details in Table 2-1 in Section 2.

For FM pul se radars:
B(-40 dB) = K/ (t t)Y2 + 2B, .

However, any t, less than 0.1 microseconds nust be justified on
operational requirenment grounds.

For frequency-hoppi ng radars:
B(-40 dB) = K/ (t,t)1/2 + 2B, + B.
However, radars utilizing pulse conpression shall require
justification for t,, less than 0.1 microseconds. Radars
wi t hout pul se conpression shall require justification for t,
| ess than 0.01 nicroseconds.

For CWradars:
B(-40 dB) = 0.0003 F(o0)

For FM CWradars:
B(-40 dB) = 0.0003 F(o) + 2 B(d)

At all frequencies outside of a specified frequency range near the radar

operating frequency, all emssions from the radar shall be suppressed at | east
X(dB) bel ow the em ssion at the operating frequency.

- 38-



X(dB) = 60 dB or P(t) + 30, whichever is the |arger nunber,
where P(t) is the maxi mum spectral density at the
radar operating frequency.

X(dB) = 80 dB for radars operating in the 2700-2900 MHz band.

These requirenments are summarized in Figure 2-1. The radar enission spectra
nmust be below the dashed lines shown in the figure. The frequency scale is in f
renoved fromthe fundamental F(o).

6. 2. Measur enent s
6.2.1. | nstrunent ati on

Measurenments of the emission spectra of a radar are prone to substantial
errors. In addition expensive test instrumentation nay be subjected to damagi ng
levels of input signal. Therefore, it is recomended that the procedure be read
completely and that the levels of power at the spectrum analyzer input be
cal cul ated before any instrunentation is connected to the radar.

Figure 6-1 shows a block diagram of the measurenment system The YIGtuned
preselector nmay be built into the spectrum analyzer, or it nay be a separate
conpanion wunit designed to automatically frequency-track with the particular
nodel of spectrum analyzer selected to be used in these measurenents. Sinmilarly,
the step attenuator may be built into the spectrum analyzer, or may be a separate
unit with 10 dB attenuation steps. It is often possible to nake good
measurenents without tracking YIG preselection. The advantages gained for use
t hereof include better dynam c range for neasurenent of sideband |evels nore than
60 dB bel ow the fundamental, considerable protection against accidentally burning
out the first nmixer in the spectrum analyzer, and freedom from spectrum anal yzer
spurious responses. The latter may neke the radar appear worse than it is.

Al ternative neasurenent nethods wll be shown for the case in which a YIG
preselector is not available, for exanple, in sone of the radar bands below
2 GHz.

The spectrum anal yzer should have a logarithmc display with 70 dB or nore
dynam ¢ range displayed at one tine, together with enough RF and |IF dynanic range
to make accurate neasurenent within the selected display range. The latter
condition will often not be net, and it will be necessary to neasure the actual
dynam c range of the measurenent systemwi th a radar-1ike signal.

The proper selection of spectrum analyzer rmeasurenment bandwidth (IF
resolution) is critical, 0.5-0.2 times 1/t is an ideal choice. (t is the radar
pul se duration, or the mninum duration of the subpulse in a coded pulse radar).
The use of a bandwidth greater than this value will result in readings which will
indicate that the radar sidebands are greater than they actually are. The
correction factor for the use of excessive neasurement bandwidth is a function of
20 log B(IF), though calculation of the actual nunmber requires a know edge of the
details of the inpulse bandwi dth of the spectrum analyzer and is considered to be
beyond the scope of this neasurenent procedure.
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Figure 6-1, Block Diagram of Emission Spectra Measurement System.
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Wth respect to the lower linmt of neasurement bandw dth, any mneasurenent

bandwi dth between 0.5 tinmes 1/t and 2/PRR will give a nunerically correct answer
if the spectrum analyzer has sufficient dynamc range. However, the use of the
| argest possible bandwidth in this range will result in the smallest dynanic

range requirenents on the spectrum anal yzer.

It is inportant that the spectrum anal yzer selected for these neasurenents is
capabl e of being adjusted so that the peak of the radar spectra can be displayed
on the screen. This may require sone adjustment of display brightness and
display persistence in a variable-persistence node in order to get proper
phot ographic characteristics. The use of an average responding instrument wll
not be acceptable in these neasurenents.

The signal generator is used in these neasurenents solely to assist in
setting up and testing the spectrum analyzer display characteristics, and to
nmeasure the radar frequencies nore precisely than can be neasured using the
spectrum anal yzer frequency displ ay.

The selection of the radar test point follows the criteria given in
Section 3.4, with a point at the antenna input being preferred. |f any other
reference point is selected, it will be necessary to establish the relationship
between the spectrum at the antenna input and at the selected reference point.
This is particularly inportant with radars which may enploy bandpass or other
filters between the radar transmitter output device and the antenna input. Note
that devices that act as bandpass filters are not necessarily |abel ed as bandpass
filters in the radar block diagram diplexers and other devices are often
designed to have frequency selective characteristics. If there is no accessible
reference point following a frequency-selective conponent in the signal path to
the antenna, it wll be necessary to nmke the spectrum neasurenent in the
far-field of the radiated signal. The neasurement procedure will be mnuch sinpler
under these conditions if the radar antenna can be held in a position pointed at
the test antenna. Be extremely careful under these conditions to take adequate
precautions agai nst RF radiation hazards to personnel and equi pnent.

Note that wavegui de conmponents act unpredictably at frequencies above their
normal operating frequencies because of "nultinoding." Wenever possible, avoid
dependi ng on accurate calibration of waveguide conponents at frequencies at or
above the second harnonic of the fundanental .

6.2. 2. Test Procedure

Assenbl e the test equipnment as indicated in Figure 6-1. Before connecting the
spectrum analyzer system to the radar signal, determine (from manufacturer's
literature) the maxi num safe peak signal at the spectrum anal yzer input and insert
sufficient attenuation in the signal path so that a safe level is not exceeded.

a. Calculate B(-40 dB), X(dB), and determine the spectrum analyzer

resol ution neasurenent bandwidth to be used, using the Radar Em ssion
Spectrum Wor ksheet (Figure 6-2) if desired.
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Date  Oct. 18, 1979

Operator D, Jones

Equipment ubder test:

Transmitter nomenclature FPN-395A Serial No. 3
Frequency (MHz) 2905 PRR(p/s) 395 t (us) 355 tr (us) 1
Peak power (dBm) ° +85 Correction to antenna 0
Calculation for B(=40dB): Use this section for non-FM pulse radars only.
K = 2756 (10, 7.6 or 6.2, from Table 2~1 in Section 2)
2a. HELOAR) = KICt e )s = G2 Milz

i e e B(-40dB) = 4.1  MHz
2b. B(-40dB) = 64/t = 18.3 MHz (smaller of (a) or (b))

Calculation for X(dB):

3a. X@@B) = Pp +:20 log .t +:10 log PRR = PG'= 90 4 30

= Bho 10.9 + 26 = 0 = 90 + 30 = 61.9 (a)
3b. or: X(dB) = 60
3c. X @B = larger of 3a or 3b = 61.9

Frequency limits for emission spectrim:

Center frequency = F, =~ _2905 MHz b = 0.5 B(=40dB) = 2,05 MHz
F(-) = Fy - 10&540 xb F(#) = F, + 105782 =
Suppression (dB) F(-) MHiz F(+) MHz

40 2903 2907

42 2902.4 2907.6

44 2901.8 2908.2

46 2900.9 2909.1

48 2899.9 2910.1

50 2898.5 2911.4

52 2896.8 29132

54 2894.7 2915.3

56 2892.1 2917.9

58 2888.7 202123

60 2884.5 2925.5

627 2879.2 2930.8

*X(db) for this case = 62dB

Figure 6-2., Radar Emission Spectrum Workshee;c.
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b. Aign the YIG preselector tracking to the spectrum analyzer,
according to the manufacturer's instructions. Set the step attenuator
to maxi mum Connect the radar signal to the spectrum analyzer system
and adjust the spectrum analyzer to display the signal on the CRT.
Check the approximate maxi mum | evel of the signal as neasured by the
spectrum anal yzer before renoving additional attenuation.

c. Adjust the spectrum analyzer controls so that the naxi num response
at the radar center frequency is level with the top graticule on the
di splay and centered on the screen. Adjust the scan width to give the
narrowest scan width which wll include the B(-40 dB) calculated
frequency limts. Adjust the scanning rate, brightness, persistence,
or other controls as necessary to obtain a clear and conplete display.
Take a picture of the display with the oscill oscope canera.

d. Check to see if the spectrum analyzer is in saturation at the top
part of the display range by adding an additional 10 dB RF
attenuation. If the top of the trace decreases by 10 dB, the top of
the display range is correct. Simlarly, the lower part of the trace
shoul d decrease by 10 dB if the lower part of the dynamic range is not
being affected by system noise. If both portions of the display range
change by 10 dB, the spectrum analyzer is linear over the entire
di spl ayed signal range. If the top portion of the dynamic range is in
saturation, increase the RF attenuation or decrease the IF gain (try
both to see which gives the best results). If the bottom of the range
is affected by noise, increase |IF gain or decrease RF attenuation.

e. After suitable settings have been determined in order to obtain a
good photograph in which all portions of the signal are in the linear
part of the dynanmic range, connect the signal generator to the
spectrum analyzer input (wthout changing the spectrum analyzer
settings) and adjust the signal frequency until the signal coincides
with the center of the display. The signal generator frequency is now
identical to the radar frequency and can be neasured accurately wth
the frequency counter. (This step wll not be necessary if the
spectrum analyzer contains sufficiently accurate internal frequency
calibration.)

f. Increase the spectrum analyzer frequency span by a factor of 10.
Reconnect the radar signal to the spectrum anal yzer, neking sure that
the radar signal is centered on the display. Adjust scan rate and
other necessary controls in order to obtain a good photograph. The
photograph wll be that of a spectrum over a frequency range,
including 10 x B(-40 dB), outside of which the radar sidebands nust be
suppressed at least 60 dB or 80 dB for a radar covered by Criteria D
Repeat d, to neasure the dynamic range of the neasurenent system to
assure that the displayed neasurenent is valid. Take a photograph of
the display; it will be used to determine if the radar neets the RSEC
em ssi on spectrum standards in the range between 40 dB and 60 dB or
80 dB down from the peak of the spectrum Unfortunately, the result
is not yet necessarily obvious from inspection because the linit plots
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as a curved line on the spectrum analyzer display due to its |linear
frequency scal e.

g. If the value of X(dB) calculated in step a is 60 dB, a single
conbi nation of settings of RF attenuation and |IF gain can probably be
found which will cause the displayed frequency range over which the
spectral level has fallen off by 60 dB to be linear. |If the
calculated or specified value of X(dB) is appreciably greater than
60 dB, as would be the case for a 2700-2900 MHz radar, or if the
particular spectrum analyzer being used does not have sufficient
dynam ¢ range to neasure the required range, sonme neans will have to be
found to effectively extend the dynamic range of the spectrum
anal yzer before the required neasurenent can be conpleted. The
met hods for doing so are discussed in the section on alternative
nmeasur enent nmnethods. The neasurement procedure delineated herein wll
assune that the spectrum analyzer has sufficient dynanmic range at a
single appropriate conbination of settings of RF attenuation and IF
gain. Straightforward nodifications to the rest of the procedure will
have to be made if alternate nethods are used to increase system
dynani c range.

h. If the value of X(dB) is nore than 60 dB, it will be necessary to
extend the range of frequency neasurenent to F(o)+/ -B(-X dB). This
can be done by nmeasuring the radar spectrum using progressively
greater scan widths until the required frequency range is covered. An
alternative approach is to measure a nunber of adjacent frequency
spans of the same size, which can be pieced together to cover the
required range. The latter approach is particularly useful to neasure
nore detail in the spectrum but either approach is adequate. As
di scussed in alternative methods to increase dynamic range, it my be
useful to change RF attenuation where naking neasurenents at several
points in the frequency range to assure a set of neasurenents which
are |inear where they need to be.

i. The test procedure up to this point is for making tests at all
frequencies at which responses higher or equal to X(dB) below the

anplitude at the fundamental frequency exist. These include a
relatively narrow band of frequencies centered on the operating
frequency of the radar. The RSEC specifies that all emissions of

frequencies outside this range be suppressed by at Ileast X(dB);
section 3.3 suggests a subset of frequencies at which tests should be
made. Refer to section 3.3. to obtain the reconmended frequency
range.

This test can be nmde rigorously in coaxial systens; it is difficult
to understand how such a very wi de frequency range test could be made
accurately in a waveguide system which is characterized in only a
smal |l  frequency range. Nevertheless, it is inportant to identify
frequencies at which a spurious emssion occurs. Therefore, assune
that the coupling coefficient of the waveguide coupler is essentially
flat across the entire frequency test range. Extend the frequency
span of the spectrum analyzer (but don't change bandwi dth) to cover
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the required frequency range in one or several scans, noting any
signals which are higher than the X(dB) limt. At any frequency where
a spurious signal is observed, calibrate the spectrum analyzer wth
the signal generator and check the YIG preselector tracking, so that
the level of X(dB) can be determined for these frequencies. It is not

necessary to take photographs of the frequency scans; a list of
frequencies and anplitudes for those emi ssions which exceed the RSEC
will be adequate. Measure as many harnonics as is feasible, wthin

the frequency limt suggested in Section 3.3.

j. The final task delineated by this neasurenent is the plotting of
the RSEC linmts on the photographs in order to determine if the radar

neets the RSEC specifications. The frequency vs. suppression limt

points calculated in step a nmust be plotted onto the photographs of

the radar spectrum and joined wth straight Iine segnments. For
frequencies further from the radar operating frequency, draw a
hori zontal Iline at the X(dB) suppression linmt. It wll then be
obvious whether the radar enission exceeds the RSEC, any signal

extending above the lints drawn wll be in violation of the RSEC
criteria.

This graphical work is discussed in detail in Section 6.3, whhere a

typical exanple is worked out.

k. The process is repeated at other frequencies and for other radar
operating nodes, until spectral rmeasurements at all operational
conbi nati ons of nbdes, etc., have been made. Note that for npbst types
of radar nodul ation, operating frequency is not one of the factors
involved in calculation of B(-40 dB). Therefore, the sanme limt
curves can be used to test spectra neasured at the low, niddle, and
hi gh test frequencies, shifted by the change in operating frequencies.

6.3. Sanple Data and Cal cul ati ons
6.3. 1. Cal cul ation of Allowable Limts

This section gives an exanple of calculation of the allowable RSEC enission
limts. Refer to the Radar Enission Spectrum Wrksheet (Figure 6-2) as an
exanpl e of the procedure to follow

The first part of the worksheet contains blanks for the various radar
paranmeters which are used in the calculations. These blanks can be filled wth
ei ther nom nal data, or preferably neasured data.

The next section of the worksheet is for calculating the value of the
maxi mum al |l owabl e radar em ssi on  bandwi dt h, B (-40 dB). The wor ksheet
i ncorporates only the case of the non-FM pul sed radars. Fornmul as for
calculating B(-40 dB) for other types of radars can be obtained from the RSEC or
section 2.1. The value of Kis to be determned from the RSEC or from Table 2-1
in section 2.0. The value of K determnes how stringent the linits on the radar
em ssion spectra will be. Mre nodern radars have nore stringent specifications
(smaller K). The value of B(-40 dB) is calculated by putting values into
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formulas 2a and 2b of Figure 6-2. The value of B(-40 dB) which is actually used
is the smaller of the two cal cul ated val ues.

The maxi mum all owabl e em ssion spectral level, X(dB), the mininum required
suppression below the anmplitude at the operating frequency, is calculated in the
next section. The calculation is based on equation 3a of Figure 6-2, which
involves a calculation of transmtter spectral density from known transnmitter
characteristics. The actual suppression required is calculated from equation 3a,
or 60 dB, whichever is larger. In the exanple, the calculated value is 61.9 dB,
which is larger than the default value of 60 dB. In the case of a radar
operating in the 2700-2900 MHz band, X(dB) = 80 dB.

Once the values of B(-40 dB) and X(dB) have been determned, it wll be
possible to determine the absolute nunerical values for suppression vs.
frequency. The fornulas in part 4 of the worksheet were extracted fromthe plot of
the required suppression curve in Figure 2-1. The fornulas are in terns of
F(o) and b, where b = 0.5[B(-40 dB)]. It wll be necessary to calcul ate values
of absolute frequency for the high frequency and low frequency limts for 2 dB
i ncrenents of suppression from values of 40 dB to 60 dB (or as far beyond 60 as
the calculated value of X(dB)). These frequencies and suppressions should be
plotted on the neasured spectral enission photographs. Note that one cannot
nmerely draw a straight 1line between the -40 and -X(dB) points since the
suppression limt line in this region is a straight line only if the frequency
scale is logarithnic.

6. 3. 2. Measur enent s

This section shows steps in the neasurement of the emnmission spectrum of a
hypot heti cal FPN-395A radar. Pertinent data on this radar is shown in the Radar
Em ssi on Spectrum Wrksheet (Figure 6-2).

The spectrum analyzer and YIG preselector used in these neasurenents wll
wi thstand +20 dBm peak power at the input with 10 dB RF attenuation. However,
the output of the waveguide coupler will be as nuch as +23 dBm peak. Therefore,
an external 6 dB pad was placed at the input to the spectrum analyzer. The
radar's pulse has a duration of 3.5 mcroseconds, which necessitates a spectrum
anal yzer neasurenent bandwidth of 140 kHz or |less. The next |ower bandw dth
avail able on the spectrum analyzer is 100 kHz, which was selected. The conputed
value of B(-40 dB) is 4.1 MiAz. Therefore, the first picture of the display is
taken with the spectrum analyzer span set to 5 Miz. Oher spectrum analyzer
settings include:

Video filter - off

| F gain - 10 dB

Sweep rate - 1 nB/div.
RF atten - 30 dB

Vari abl e pers. - on

Scan wi dth - 0.5 MHz/div.

The response of the spectrum analyzer to the radar signal at F(o) was set at
the middle of the frequency scale and at the top of the reference scale. The
pi cture which was taken is shown in Figure 6-3.
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To assure that the radar neets the RSEC over a larger frequency range, the
frequency span of the spectrum analyzer was increased to 10 MHz/div., giving a
total span of 100 MHz. All other controls were left at the sane settings, and
anot her photograph was taken (Figure 6-4). The plotted suppression limt shows
that the radar passed the RSEC for all frequencies within the displayed range.

Al though it was not necessary to do here because only 61.9 dB of suppression
was required, a greater dynam c range could have been observed by renoving sone
RF attenuation and by further increasing the frequency scan. So |ong as damage
| evel s are not reached at the spectrum analyzer input or on other conponents, a
20 dB decrease in RF attenuation wll cause a 20 dB increase in the radar
sideband levels which can be seen. The YIG preselector is indispensable here
because it keeps the fundanental from saturating the spectrum analyzer front end
conmponents while making it possible to measure low |evel sidebands. O course,
this benefit is negated when the separation between the tuned frequency and the
operating frequency of the radar is less than half the bandwidth of the YIG
preselector (typically 20-40 MHz). In the case in which the fundanmental is
within the YI G bandpass, the spectrum analyzer is protected by the YIG filter's
saturation characteristics, though neasurenments are not accurate iif the YIG
filter is in saturation.

Finally, in order to test for spurious emnissions the spectrum analyzer is
tuned across large frequency ranges, as specified in Section 3.3. For an
operating frequency of 2900 MHz, the range searched is between about 1.5 GHz and
15 GHz. Leaving the spectrum analyzer in a nore sensitive nmode, in which the
X(dB) amplitude will show up 10-20 dB above spectrum anal yzer noise, the spectrum
is swept or tuned across the entire frequency range. Al though there is conplete
freedom in adjusting nost spectrum analyzer controls for a convenient display, do
not adjust the bandwidth or the RF attenuation. The YIG tracking control should
be checked to ensure adequate sensitivity. In this case, no signals were seen.
If signals had been seen, it would have been necessary to use a signal generator
to calibrate the spectrum analyzer response at the signal frequency to neasure
its anplitude to see whether it exceeded the level of X(dB).

6.4. Alternative Measurenent Procedures
6.4.1. Use of a Notch Filter Instead of a Presel ector

In the instance that a YIGtuned preselector is not available and nore
measurenent dynanic range is required than could be safely obtainable by the use
of sinple spectrum analyzer, a notch filter may be used. The technique is also
useful in conbination with a YIG preselector in obtaining very large dynanic
range neasurenments. Figure 6-5 shows a block diagram of a neasurenent system
using a notch filter with the notch filter renmoved from the signal path. To
nmeasure enission sidebands with high sensitivity, the notch filter is inserted in
the signal path and tuned to reject the high level signal at F(o). Note that it
is not necessary to calibrate the depth of the notch at F(o) or other nearby
frequencies, since the spectrum near F(o) is not neasured with the notch filter
in place. The inportant neasurement is the insertion loss of the notch filter at
frequencies widely separated from F(o), since that is where the notch filter is
used. It 1is especially inportant to test the filter insertion loss at very
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di stant frequencies, for exanple, at 5 xF(o) when testing for harnonics. If the
filter insertion loss is high at these frequencies, it may be necessary to renove
the notch filter and replace it with a bandpass filter whose bandpass does not
i ncl ude F(o).

6.4.2. Aut omati c Systens

This section includes a discussion of some inproved neasurenent techniques
which are available with automatic systens. In sone cases, these techniques nay
be useful with manual systens, also.

Peak detection nmay be available wth some systems. The wuse of peak
detection allows a single data point to be recorded for each frequency; due to
the lowduty cycle of typical radar signals, if digital measurenents of pulsed
signals were to be nmade with a digitizer, it would not indicate the pul se peak as
the digitizer would see no signal during the relatively long pulse off period.
Therefore, to insure accurate measurenments of the peak pulse anplitude nost
automatic systens use peak detectors to hold the instantaneous peak pulse
anplitude until it is digitized.

Docunentation can be greatly inproved with digitally-controlled systens.
Not only can the frequency and anplitude scales be plotted along with the
spectrum providing a much nore self-docunmenting display, but the RSEC limits can
be calcul ated and plotted along with the spectrum

Calibration can be inproved, by neans of calibration factors derived on a
point-to-point basis which are included in the emssion spectrum neasurenent.
Changes in RF attenuation or other paraneters can be conpensated for when the
data is plotted. Notch filters can be used at F(o) to reduce the dynam c range
of the enission spectrum seen by the measurenent system with the insertion |oss
of the notch filter being neasured and wused to correct the data on a
frequency-by-frequency basis. These techniques can all be used, as needed to
give a spectrum measurement range in excess of that provided directly by manual
i nstruments.

Figure 6-6 shows a block diagram of a conmputer-aided spectrum measurenent
system Although such a system mght include nany variations from what is shown
here, there will be several fundamental conmponents required in all systens. The
system shows a desktop computer is wused to control the neasurenments and to
process the neasured data. The details of the control and processing are
determ ned by the conputer program used in the system The nmjor conponents in
the system are a digitally-controlled spectrum analyzer and a YIGtuned
preselector. The system is «calibrated automatically at every frequency of
interest using a digitally-controlled frequency synthesizer as a calibration
source. If the noise figure of the spectrum analyzer is 20 dB or less, the
frequency synthesizer can be replaced with a solid-state noise source. The noise
source is mnuch sinpler and cheaper than the synthesizer, but produces only a
| owlevel signal which mght not be neasurable if the noise figure of the
spectrum analyzer is not |ow enough. For high dynam c range neasurenents, a
notch filter tuned to F(o) can be inserted in the signal path. The system can be
calibrated, with the notch filter in place, at all frequencies including F(0).
This system will effectively increase the dynanic range of the spectrum anal yzer
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by the depth of the notch at F(o), and calibration factors added to the
measurenents will produce nunerically-accurate data.

Figure 6-7 shows an exanple of an enission spectrum measurenent, which
includes the wuse of peak hold detectors, YIG preselection, a notch filter
producing a 30-dB notch at F(0), and a noise source for calibration. The Maxi num
Spectral Level curve was plotted with the system The 130-dB dynam c range shown
here is greatly in excess of that which could easily be obtained with a nanual
system (and in excess of what is required for the RSEC).
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7. ANTENNA PATTERNS
7.1. Introduction
7.1.1. hj ectives

This  neasurenent procedure provides data on the spurious antenna
characteristics which allow unwanted energy to be coupled into another system
thereby causing interference. These characteristics also allow interfering
energy from another system to be received. The main source of interference in
radars occurs from mainbeam to sidelobe coupling between interfering and victim
radars. The total elimnation of sidelobe coupling could substantially reduce
the anmpbunt of interference which occurs between radars. For this reason, the
RSEC has placed linitations on the response of radar antennas with respect to
reception or transmission of signals in unwanted directions (i.e., any direction
except the intended mai nbeam direction.)

Two types of information are provided by these test procedures. For
antennas that rotate regularly about a vertical axis, scanning the horizon, the
median gain of the antenna in the horizontal plane is neasured. For other
antennas, the values relative to the nmmi nbeam gain, of sidelobes and other | obes
are neasured

7.1.2. Definitions

The "nmedian gain" of an antenna rotating through 360 degrees of the
hori zontal plane is defined as that |evel of antenna gain which is greater than
the neasured antenna gain for a total of half of the antenna rotation angles
bet ween 0 degrees and 360 degrees.

The absolute gain of the antenna is neasured relativeto the gain of an
"isotropic" antenna, i.e., the gain of a theoretical antenna that radiates wth
100 percent efficiency equally in all directions. This is expressed in terns of
"decibels relative to an isotropic antenna," or "dBi."

The specifications for non-rotating antennas include a requirenent for the
"first three sidelobes" and for "all other |obes". These are to be defined for
"pencil beant antennas as being neasured by 360 degrees rotation in any plane
through the nainbeam The first three sidelobes include the first three
si del obes on both sides of the mminbeam (i.e., a total of six lobes). "Al other
| obes” are defined as the remminder of the pattern neasured in the selected
pl ane. For radars whose antennas are not generally used in uniform rotation in

the horizontal plane or which do not enploy "pencil beant antennas, or those
enploying nmultiple beans, etc., sone other suitable definition will have to be
enpl oyed.

7.1.3. Specifications and Limts

a. For antennas that rotate continuously, scanning the horizon, the nedian
gain of the antenna nust be -10 dBi or less, in the horizontal plane, as neasured
on an antenna test range in the principal horizontal plane.

b. For other antennas, the gain of the first three sidelobes nust be at

| east 17 dB bel ow the mmi nbeam gain, and the rest of the sidel obes and backl obes
nmust be at |east 26 dB bel ow t he mai nbeam gai n.

- 55-



The above specifications apply to radars in Goups C and D. O her radars do
not need to neet any RSEC antenna pattern specifications.

7.1.4. Test conditions

The above specifications should be net at all radar operating frequencies.
For purposes of RSEC testing, it is recommended that a single frequency near to
the mdpoint of the range of radar operating frequencies be used for testing.
The definitions of antenna gain also inply that the neasured antenna pattern be

that of the antenna alone, i.e., wthout neasurable distortion from environnental

reflections. This wll generally be a difficult requirenent to neet w thout a
specially-prepared and specially-instrunented test range. Antenna patterns
nmeasured with the radar system typically deployed will often be substantially
degraded, especially with respect to the -10 dBi nedian gain requirenent. This
problem is discussed further in the following section. The antenna beam

el evation angle must be lowered to O degrees, so that the neasurenment is made in
the principal plane of the antenna (a plane containing the nai nbean).

Al t hough not specifically stated in the RSEC, it is desirable to have the
antenna patterns neasured in the exact configuration in which it is designed to
be deployed. For example, if a search radar system normally is deployed with an
interrogator antenna mounted directly above the radar antenna, this is the
configuration in which the antenna shoul d be tested.

7.1.5. Furt her Comments on Antenna Measur enent

Errors associated with naking accurate neasurenents of nedian antenna gain

come from two nmmjor sources: 1) Instrumentation and calculation errors,
especially when associated with the use of standard gain antennas, antenna
alignment and neasurenent errors of various angles, distances, etc., and

2) Unwanted reflections from the surrounding |andscape. The first source of
errors can be reduced by neticulous care in calibration and calculation of
various |osses. The second source of errors is nmore difficult to reduce. A
conceptual ly sinple neasurement of nmminbeam gain can easily be 10 dB in error,
dependi ng on whether the reflection of the radar signal from the ground between
the radar antenna and the test antenna is in phase or out of phase with the
direct si gnal . Simlarly, signals nmeasured while the radar is pointed
perpendicularly to the path of the test antenna may cone directly from the
si del obes of the radar antenna, or they may be reflected to the test antenna from
objects which are in the mainbeam of the antenna. It is generally difficult to
rigorously separate the two sources of signal. The neasurenent of the nedian
gain of the radar antenna rotating over 360 degrees is especially subject to the
errors just discussed. An absolute gain level of -10 dBi is difficult to
nmeasure due to reflections fromthe surroundi ng | andscape.

Two sets of neasurements will be described to obtain the absolute nmedian
gai n. The first set produces the desired data, but needs considerable
specialized technical resources to acconplish. The second set of neasurenent
procedures can be performed with a rmuch |lower |evel of technical resources, but
it is not guaranteed to give good results.
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7.2. Antenna Range Measurenents
7.2.1. I nstrument ati on

The instrunentation used in these neasurenents is that associated with a

wel I -instrunmented antenna test range, as shown in Figure 7-1. The radar
transmtter/receiver has been disconnected from the antenna and replaced by a
calibrated signal source. At a neasured distance from an antenna under test, in

its far field region, a calibrated receiving system is set up. The calibrated
receiving system contains a calibrated antenna, a neasurenent receiver, and a
data recording system The data recording system is also instrumented to receive
information on the pointing angle of the radar antenna, so that a graph may be
produced showi ng antenna gain vs. antenna pointing angle.

The test range itself is a carefully selected and prepared environnent, with
a mnimm of objects near the radar antenna so as to minimze reflections of the
test signals to the receiving antenna. These add reflections to the signal
received fromthe direct path from the radar antenna and the calibrated receiving
system The area near the direct path has received special care in order to
mnimze ground reflections. Materials which absorb RF energy can be placed on
the ground in strategic spots. The terrain may be selected to provide a large
valley in the direct path, with the radar antenna and the calibrated receiver
positioned on two hilltops. In sone cases, tinme-of-arrival or other gating
techni ques can be used to reduce the effect of reflected signals.

7.2.2. Test Procedure

The test equiprment and radar antenna are set up on the measurenent range,
and the neasurenent system is calibrated by means of the test range calibration
procedures. The radar antenna is pointed directly at the receiving antenna and
the radar antenna is nechanically scanned vertically to find the angle of nmaxi num
anplitude (nminbean) received at the measurenment system antenna. The antenna is
left at this tilt angle and rotated over a 360 degrees azi muth angle.

The received anplitude is converted to absolute gain in dBi wusing suitable
calibration factors and plotted on a graph of gain vs. angle for a 0O degree to
360 degree range. The graph is examned to determine for what portion of
rotation the antenna gain is nore than -10 dBi. If the antenna gain is less than
-10 dBi for nore than half of the angles between O degrees and 360 degrees, the
ant enna passes the RSEC standards. From this sane graph, one can also deternine
by i nspection how far the sidel obes and backl obes are suppressed.

7.2.3. Sanpl e Data and Cal cul ations

It is assunmed here that the procedures used to calibrate the antenna range

for normal antenna gain test will be used for these neasurements. Since these
will vary considerably anpbng different test ranges. An attenpt will not be made
to reproduce those calculations here. It will be assuned that a graph of

absolute gain (dBi) vs. degrees from mmi nbeam has been produced, as shown in
Fi gure 7-2.

From Figure 7-2 it can be seen that the mainbeam gain is 30 dB. According
to one of the RSEC linmits, the first three sidelobes nmust be at |east 17 dB down
(less than 13 dBi), and the rest of the |obes nust be at |east 26 dB down (Il ess
than 4 dBi). These Ilinit I|ines have been drawn on the graph, and visual
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i nspection shows that these conditions are indeed nmet. Since the FPN-395A is a
radar of the type whose antenna rotates continuously to scan the horizon the

previously nmentioned linmits do not apply to it. Instead, the linmt which applies
to it is a median antenna gain of -10 dBi or less. A dashed line has been drawn
at the -10 dBi limt. Wen the antenna pattern is examned relative to this
limt, it can be seen that the antenna pattern is above the line for 33 percent

of the angles and below the line for 67 percent of the angles. Therefore, the
antenna neets the specification for nmedian gain.

7.3. Approximte Median Antenna Gain Patterns
7.3.1. Comments on Test Validity

This nmethod of neasuring nedian antenna gain elimnates nost of the
requirenents of the previous test for the absolute calibration of test equipnent.
Instead, it uses the radar transmitter as a signal source and is based on the
assunption that the mmi nbeam gain of the radar antenna can be used as a reference
point to calibrate the gain of the rest of the antenna pattern. Using this
assunption entails sone risk, but probably not as nuch risk as attenpting to make
absol ute direct antenna gai n neasurenents w t hout adequate technical resources.

Assuming that the mainbeam gain is correct, there remains the major problem
of dealing with reflections from the environnment, which nmay cause the nainbeam
signal (as well as the sidelobes) to be erroneously neasured. These reflections
remain a nmajor problem as they can only be mnimzed, but usually not elinmnnated.
Techni ques of adjusting the radar antenna and the test antenna to ninimze the
reflections wll be given as part of the test procedure. This measurenent
technique is in some respects a nore realistic measure of the antenna system
performance, since the reflections which nake antenna neasurenents difficult also
affect the real-world operation of the radar system

In general, this neasurement technique would be expected to produce nedian
antenna gain neasurenents which are within 3 dB of the neasurenments obtained on
an antenna range, if the reflections can be controlled. The nmeasured sidel obe
levels will tend to be higher using this test nethod, due to reflections from
near bybui | di ngs, etc. The nmeasured nai nbeam gain anplitude may be higher also,
however, due to the constructive reinforcenent which takes place between the
direct and reflected signal path (which will be at the point of the test antenna
if the radar antenna and the test antenna are carefully adjusted for naxinmm
response.) If reflections cannot be carefully controlled, neasurenent errors nay
i ncrease nmeasured sidel obe levels to val ues higher than all owed by the RSEC.

7.3.2. I nstrunent ati on

The instrumentation for the measurenent of the approximte median antenna
gain is shown in Figure 7-3. From an instrunentation standpoint, the measurenent
is very sinple since only a spectrum analyzer and a receiving test antenna are
needed. No absolute calibration is needed because the nom nal radar antenna gain
will be used as a calibration point. The receiver test antenna should be of the
sane polarization as the radar antenna and should have a relatively narrow
beamwi dth. The use of a relatively narrow beamnidth will tend to decrease the
nunber of reflected signals which are neasured and which distort the true antenna
pattern. The spectrum analyzer wll be tuned to the signal from the radar
transmitter. It must have sufficient dynamc range to neasure the radar mai nbeam
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as well as to measure a signal. corresponding to a gain of -10 dBi. For example,
if the radar antenna has a nominal gain of 38 dBi, the spectrum analyzer must
have a dynamic range of at least 48 dB. Since the radar signal has a
low-duty-cycle, it will be necessary to observe the peaks on the spectrum
analyzer display when the pulses occur. This can be effectively accomplished by
adjusting the brightness, etc. of the CRT display so that the envelope of the pulse
peaks can be clearly seen. As an alternative, a peak detector or quasi

peak detector can be used instead of the display envelope. The latter has the
advantage of providing a spectrum analyzer output which can be used to drive an
X-Y plotter.

An oscilloscope camera is used to photograph the display for further
analysis. (Because of the low duty cycle of the radar and the short duration of
the radar pulse, an X-Y plotter cannot adequately follow the display unless a
peak detector or similar circuit is used.)

One major component of this measurement set-up is the landscape surrounding
the radar antenna and the test antenna. It should afford a direct line-of-sight
path between the radar antenna and the test antenna. A minimum distance of D, as
given below, is required between test antenna and radar antenna to ensure that
the far field pattern of the radar antenna is being observed, where:

D =2 [D(1) EXP2 + D(2) EXP2]/A.
where:
D(1) = maximum radar antenna aperture in meters
D(2) = maximum test antenna aperture in meters
A= wavelength in meters

Ideally, the test antenna should be located so that buildings, etc.,
illuminated by the radar antenna during its rotation, are hidden from the direct
view of the test antenna. Note that this requirement rules out any large
buildings directly behind the radar antenna. Finally, the terrain directly under
the path between the radar antenna and the test antenna should be selected to
minimize the amount of signal reflected from the ground and received by the test
antenna. A steep valley between the radar antenna and the test antenna is ideal,
but any broken terrain or shrubbery which reduces the amount of reflected signal
is desirable. The degree to which these measures are successful will largely
determine the accuracy of the measurement.

Test Procedure 7.3.3.

The most important single operation of this measurement is the selection of
a suitable measurement location, where unwanted reflections can be controlled but
which offers a direct path to the radar antenna. A simple way to start the
selection process is to compute the minimum distance, D, between the radar
antenna and the test antenna, according to the formula in the previous section.
Then draw a circle on a map with the radar antenna as center and D as a radius.
The interior of this circle contains locations which are too close to be used
as measurement sites. Finally, carefully explore several candidate sites to see
which offers best protection from reflected radar signals, either because sources
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of reflected signals are screened from the test antenna or because the horizon is
free from buildings within the beamwidth of the test antenna. If a suitable site
cannot be found, it is pointless to proceed with the rest of the test procedure.

where:

a. Once a suitable site has been located, set up the test instrumentation

as shown in Figure 7-3. Before actually connecting the spectrum analyzer to
the test antenna, be sure that the spectrum analyzer is protected against
damaging levels of RF. Use a YIG-tuned preselector, if available, to
eliminate out-of-band signals and to function as a limiter. Adjust internal
spectrum analyzer RF attenuation to maximum, and place additional RF
attenuation in front of the preselector. Some or all of the attenuation can

be removed later when signal levels are more accurately known.

b. Turn the radar transmitter on, allowing the radar antenna to rotate.

Tune the spectrum analyzer to the approximate radar frequency, using a
sufficiently wide frequency span to include any errors in the selection of

the radar frequency. A measurement bandwidth of at least 1/t should be used
(t = pulse width of the radar), or as wide a bandwidth as is available on

the spectrum analyzer. Use no video filtering, since the radar signal pulse
peak is the desired measurement. Remove no more attenuation than is
necessary to observe the radar signal since the radar signal level may
increase substantially in the next step.

c. Aim the test antenna at the radar. Aim the radar antenna at the test
antenna and adjust both antennas to obtain a maximum signal level. The
process will require communication between the two antenna sites in order to
aim the antennas optimally. Note that many radars have interlocks which
must be defeated to allow radiation when the antenna is not rotating. Both
antennas must be adjusted in azimuth and in elevation to obtain a maximum
signal.

In addition to the above adjustment, the receiving antenna should be moved
in elevation or along a radial to the radar antenna to produce a maximum
signal. If there is substantial reflection from the ground, deep nulls may

be experienced at particular elevation/distance combinations, which will
substantially change the apparent antenna pattern. Although it is

preferable to be near the maximum levels of signal, the major reason for

this adjustment is to assure that the initial locations were not in the area
of nulls. Height should be searched over a continuous interval of:

A(H) = Ad/2h(m)

d = distance from radar antenna in meters
A = wavelength in meters
(H) = search height of test antenna in meters

h(m) = height of test antenna in meters
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If radial distance is varied instead of height, the distance should be
tested continually over the range of:

A(D)= d/[(2h(1)h(2)/Ad) - 1]

wher e:
h(1) = height of radar antenna in neters
h(2) = height of test antenna in neters
A(D) = radial distance over which test antenna is varied in neters

If there is nore than 3 dB change in maxinum anplitude at the final
| ocation, the antenna orientation should be readjusted for maxi num signal
gain before proceeding with the next step.

d. Wen nmaxi mum signal alignment has been achieved, switch the spectrum
anal yzer to manual frequency tuning (no frequency scanning) and tune for

maxi mum response. Adjust other spectrum analyzer controls (and external

attenuation, if necessary) to obtain alnmost full scale peak indication on
the spectrum analyzer display, wusing a 10 dB div. scale calibration.

Di sconnect the test antenna and note the anplitude of system noise to be
sure that the spectrum analyzer display has at least G 1)+20 dB dynanic
range, where (1) is the nominal gain of the radar antenna.

e. Rotate the radar antenna continuously. Adjust the spectrum analyzer
scan tinme (no frequency scanning) so that the scan tinme from one edge of the
spectrum anal yzer display to the other corresponds to slightly nore than the
rotation tinme of the radar. Adjust the brightness and persistence controls
of the display so that the envel ope of the pulse peaks (which is the desired
antenna pattern) can be clearly seen in a photograph of the display.

f. Wien all adjustnments have been made and tested, start the scanning of
the spectrum anal yzer just before the nminbeam of the radar antenna appears
on the display. |If the spectrum analyzer tine-base controls have a
single-scan node, they wll facilitate starting the sweep at the correct
time. If everything has been done properly, one nainbeam pattern of the
radar should be displayed near the left-hand edge of the graticule with the
next mainbeam pattern occurring near the right-hand edge. Take a picture of
this display. The picture will provide all of the necessary information for
data anal ysi s.

g. The output of a spectrum analyzer or a field intensity neter with a peak

or quasi-peak detector wll follow the pulse peak envelope which wll
provide a suitable output for use with an X-Y plotter with which to record
antenna patterns. The X-Y plot will provide a record which is considerably

easier to work with than a small photograph and its use is recomended if it
is available.

h. Oten the antenna pattern neasured at a given location wll show peaks
which do not seem likely to belong to the pattern of the antenna being
tested. To check for origin of these peaks, measure the antenna pattern from
another site. This wll cause the reflection-produced peaks to shift
with respect to the peaks belonging to the radar antenna.
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7.3.4. Sanpl e Data and Cal cul ations

The photograph of the antenna pattern can easily be analyzed to find the
medi an gain. Figure 7-4 shows an exanple of a typical photograph, enlarged to
show the details nore clearly.

a. Draw vertical lines through each of the antenna nainbeam responses.
Measure the distance between these two lines (4.2" on this photograph).

b. Draw a gain scale on the graph, using the known mai nbeam gain of 38 dBi
as a calibration point. Extend a dashed l|ine across the antenna pattern at
the -10 dBi level (i.e., 48 dB below the | evel of the mmi nbeam response).

c. Measure the total cunulative length of the -10 dBi line between the
mai nbeam points for which the antenna pattern is above the -10 dBi line. In
this case, the cumulative length is about 1.0". Therefore, the antenna

response is above the -10 dBi level 1.0/4.2 = 23 percent of the tine. The
medi an | evel (50 percent point) nust, therefore, be below the -10 dBi |evel,
and the antenna pattern neets the requirenents of the RSEC

7.4. Relative Sidel obe Measurenents
7.4.1. Comments on Test Validity

For a radar whose antenna is not rotated through 0 to 360 degrees in the
hori zontal plane, the first three sidelobes nust be at least 17 dB below the
mai nbeam gain and the renmainder of the pattern nust be at |east 26 dB bel ow the
mai nbeam For a typical radar antenna, a conparison against these criteria can
be easily nmde, because the mminbeam serves as a reference. Al so, for nbst radar
antennas, the direct signal received by the sidelobes 17 dB and 26 dB are well
above nost reflections from the |landscape, so it is not as difficult to control
reflections. Note, however, that the use of these criteria is not an optional
substitute for the nedian gain neasurenent in the case of antennas that rotate
uniformy in the horizontal plane.

7.4.2. | nstrunent ati on

This nmeasurenment requires exactly the same instrunentaton as that described
in 7.3.2, except that several test requirenents are not as stringent in this test.
In particular, the requirenent of the spectrum analyzer is only 30 dB
dynamic range, and control of reflections from objects near the radar is not
quite as inportant.

7.4.3. Test Procedure

The test procedure is identical to the procedure in 7.3.3 up to part d,
where only a 30 dB dynamic range is required. Continue the test procedure
through part g, which delineates how to photograph the entire antenna pattern as
the antenna is rotated through 360 degrees. In addition, carry out the procedure
bel ow

Readjust the scan time on the spectrum analyzer display so that about
40-60 degrees of antenna pattern is included on one scan. Synchronize the
display so that the mminbeam is centered, with 20-30 degrees of pattern on
ei ther side. Photograph the display.
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7.4.4. Sanpl e Data and Cal cul ations

Figures 7-5a and 7-5b show a 360 degree pattern and an enlarged view of the
mai nbeam | obe, respectively. From Figure 7-5a, it can clearly be seen that nost of
the antenna pattern is well below the 26 dB linmt, with the nost salient |obe
being a backlobe of about 35 dB down. Figure 7-5b shows the details of the
mai nbeam | obe, including the first three sidelobes on either side. Al of these
are nore than 17 dB bel ow t he nai nbeam | obe.
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Figure 7-5a, 360-Degree Pattern of a Non-Rotating Antenna.

Figure 7-5b. Expanded View of Mainbeam of a Non-Rotating Antenna.

-68-



8. FREQUENCY TOLERANCE
8.1. Introduction
8.1.1. njectives

The objective of this neasurenment is to neasure the frequency drift of the
radar transmtter.

8.1.2. Definitions

Frequency drift is the change in average transmtter output frequency which
occurs wthout any deliberate intention to change operating frequency. It does
not include the effects of nmagnetron frequency pulling, frequency nodulation
or frequency hopping, but is the change in the operating frequency at sone fixed
point in the radar successive pulses over a relatively long period of tine. The
maxi mum al |l owabl e frequency drift is called "frequency tolerance" and is neasured

in parts per nillion (ppm) of the operating frequency.
8.1.3. Specifications and Limits

Frequency tolerance for Goups B, C and D radars is given in the follow ng

list:
Frequency range (NMHz) Tol erance (Parts per mllion)
Bel ow 960 (Criteria C only) 400
960-2900 (Criteria C and 800
includes D Criteria)
2900- 4000 800
4000- 10, 500 1250
10, 500- 30, 000 2500
30, 000- 40, 000 5000

8.1.4. Test Conditions

The RSEC does not inpose any specific test conditions for frequency
tol erance. However, the RSEC assunes that the radar will be operating within its
frequency tolerance wherever and whenever it is operating. This includes any
normal operational cycle from a beginning warmup period through the end of
operational life of the system It is suggested that a reasonably conplete range
of operating paraneters be tested for their effect on frequency drift, including
anbi ent tenperature, power supply voltage range, equipnent warmup tinme, and
conponent aging. If long-term drifts are identified as due to conponent aging, a
standard calibration and adjustment procedure or other nmeasures should be
instituted to correct for frequency drift before it exceeds the frequency
t ol erance.

If several individual operating paraneters are discovered to have a ngjor
effect on frequency drift, these factors should be tested together to see whether
a cumulative frequency drift for these factors wll exceed the frequency
t ol erance.
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8. 2. Measur enent s
8.2.1. I nstrunent ati on

Figure 8-1 shows the required instrunentation for frequency drift
nmeasurenents. It should be noted that the instrunentation shown in Figure 8-1 is
only that part of the instrunentation used for the radar frequency neasurenent.
In practice, other instrunentation are used to neasure the test condition
variables, e.g., a thernoneter to neasure anbient tenperature, an AC voltnmeter to
nmeasure input electrical service voltages, a running tinme meter to nmeasure the
effect of output tube aging, etc. The spectrum analyzer is connected to a
conveni ent wavegui de coupler test point. Sufficient attenuation is added to the
signal path to protect the spectrum analyzer from the possibility of damage from
signal overload. The signal generator is used to calibrate the frequency scale
of the spectrum analyzer at the radar operating frequency. The frequency counter
is used to calibrate the signal generator operating frequency, and will not be
needed iif the signal generator itself is sufficiently well calibrated in
frequency (internal counter or frequency synthesizer).

The recommended procedure in the following paragraphs reflects the
difficulty of directly neasuring the frequency of a pulsed radar signal.
However, frequency counters with a capability to neasure the carrier frequency
within a pulse are commercially available and can be used to sinplify neasurenent
of the transnitter frequency.

8.2.2. Measur ement Procedure

a. Assenble the test instrunentation as described in Figure 8-1, and any
additional instrunentation needed for nmeasurement of operating paraneters
whi ch may cause frequency drift.

b. Measure the radar operating frequency for each set of operating
paraneters in the follow ng nanner: Adjust the spectrum anal yzer controls so
that the radar signal appears at exactly the center of the display, or at
some other convenient graticule marking. The spectrum analyzer bandwidth in
MHz should be about 0.1 x 1/t and the total scan width in Miz should be
about 10 x 1/t, where t is the pulse width in mcroseconds. Connect the
signal generator to the spectrum analyzer and tune it until the signal is
di splayed at exactly the same graticule line wused to mark the radar
frequency. Now the signal generator is tuned to the sane frequency as the
radar. Measure and record the signal generator frequency with the counter.
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Figure 8-1, I_nstrumentation to Measure Drift.
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9. RADAR TUNABI LI TY

No specific tests are described for this requirenent. Instead, a test for
the requirement is covered in other tests, shown in Table 3-1, which indicates
that tests are to be nmade at the upper and lower limts and the mdpoint of the

radar operating band. All that is necessary to nmeet the tunability requirenent
is to ascertain that the radar is, indeed, tunable by neans of a sinple crystal
change or by other adjustnents over the tuning range required by the RSEC.

Normal ly, the use of the word "tunable" would inply that the radar could not
only be tuned to a given frequency, but that it would function properly at the
given frequency, e.g., neeting specifications for receiver sensitivity or
transmtter output power. The RSEC, however, does not contain standards for
operational performance, since its function is only to assure conpliance with the
EMC aspects of operation. To test radar tunability in the operational sense
woul d considerably expand the area of applicability for the RSEC. Therefore,
testing tunability in this broader sense is left to the individual agency, who
al one can determ ne the degree of operational variation which is pernissible at
various frequencies in the radar band. In Ilieu of operational perfornance
testing, the tunability requirement is considered to be adequately covered as a
portion of the remai nder of the RSEC testing.
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10. OVERALL RECEI VER SELECTIVITY
10. 1. Introduction
10.1.1. (bjectives.

The purpose of this test is to neasure the selectivity of the radar
receiver. The selectivity is inportant from an EMC standpoint since the wi der
t he bandpass, the nore frequency separation that is required to avoid degradation
from adj acent radars.

10. 1. 2. Definitions.

The term "overall receiver selectivity" is neant to include all conponents
which might affect the shape of the bandpass of the radar receiver, from the
antenna to the display on the radar scope. In the context of this test, however,
it will be assuned that essentially' all of this selectivity is determ ned by the
| F bandpass of the radar. This assunption is usually justified because the RF
bandpass of a typical radar is wusually at least ten times as great as the IF
bandpass and has negligible effect on the overall selectivity of the receiver.
Signal processing following the IF my also affect the overall radar response to
signals near the radar-tuned frequency. A study of si gnal processi ng
characteristics is often very conplex and will not be considered here.

10.1.3. Specification Limts.

The receiver selectivity is required to be "comensurate wth the
transmitter bandwidth." In the case of radars belonging to Goup B, the term
"comensurate with or narrower” is wused. In the case of radars belonging to
Goups C and D, it is also required that a change in pulse width be associated
with a correspondi ng change in receiver bandw dth.

The term "commensurate with" inplies that the receiver bandpass should be
approximately equal to the em ssion bandwidth of the radar. The actual nunerical
rati o between these two quantities has not been specified. The selectivity will be
neasured at the 3 dB, 20 dB, 40 dB, and 60 dB points.

10.1.4. Test Conditions.

The receiver selectivity will be neasured at one test frequency near the
m dpoint of the radar operating frequency band. If nore than one receiver
bandwidth is used, either for different pulse widths or for different receiver
signal processing (normal, MIl, etc.), all available receiver bandw dths shall be
nmeasured. The exact receiver input and output test points are not specified and
are to be selected to facilitate the measurenent technique. As a mninum the IF
bandpass filters must be included between the input and output tests points. In
many cases, it wll be necessary to turn off or bypass electronic gain controls
used to attenuate returns from nearby objects. In the case of nore conplex
radars, it may be necessary to devel op other measurenent techniques.
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10. 2. Measurenents
10.2.1. Instrunentation.

The instrunentation used in this test is shown in Figure 10-1. The exact

configuration shown will be determined by the radar block diagram and
construction. It will be necessary to choose a test configuration for the radar
so that it:

a. operates with constant gain;

b. operates at a fixed frequency;

c. has the same anplitude calibration for pul sed and CWsi gnal s;
d. utilizes test points which exist and are accessible.

It should be noted that the above conditions are usually not net by radars
in their nornal operating nodes, these conditions can often be net by the proper
selection of test point and radar functions. For exanple, nost radars use STC or
some other similar function to conpensate for the stronger returns from close-in
targets. Under nornal operating conditions, these radars have a rapidly changi ng
gain. If the STC is perforned by a gain-changing PINdiode attenuator at the
input to the receiver, the gain change could be negated by injecting the test
signal at some point following the diode. If the STC function is produced in
many circuits spread throughout the system it may be necessary to turn off the
STC function in the radar. Simlarly, in a frequency hopping radar, the RF
portion of the radar operates at a constantly changing frequency. In this case
the frequency hopping feature nust be disabled or the test signal nmust be
injected followi ng the m xer (where the radar operates at constant frequency).

Al t hough a neasurenent of this type is usually best made by injecting a test
signal at the RF input to the radar receiver, it nay be easier with sonme radar
receivers to inject a test signal at the IF frequency. |F neasurenments wll
by-pass sonme of the difficulties with variations in RF gain or RF frequency that
are present in some radars. Furthernore, since the overall receiver bandwidth in
nost radars is alnost entirely determined by the IF selectivity, a neasurenment of
| F bandwi dth is sufficient to characterize the bandw dth of the receiver.

For the above and other reasons, it wll be desirable to nmeasure the
bandwi dth of sone radars by injecting a test signal at the RF input while other
receivers will be best nmeasured by injecting a signal at the |IF frequency. The
following test procedure allows the use of either test frequency (RF or IF). The
test procedure will be described in terns of the RF nethod, with the |IF procedure
nodi fications encl osed in parentheses.

A portion of the receiver for the (hypothetical) FPN 395A radar is shown in
Figure 10-1. If the RF test method is used, the signal generator, tuned to the
RF frequency of the radar, should be coupled into the receiver input through
existing couplers, etc. If the test signal is to be injected at the IF, a signal
generator tuned to the IF frequency should be connected to the I|F anplifier
iMmediately following the first mxer. A spectrum analyzer is connected to the
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| F output, so that as nuch of the IF selectivity as possible is included in the
test path. The radar transmitter nay be turned on or off, but in either case
tests should be nmade to determine that the RF and |IF stages are operating
normally. (Only the IF stages are inportant if the test signal is injected at
IF.) If AGC causes receiver gain to change with a test signal, it my be
necessary to nodulate the test signal with a duty cycle simlar to the normal PRF
and a pul se about 10 tinmes as long as the transmtted pul se.

10.2.2. Test Procedures.

The test equipnent is connected as shown in Figure 10-1 and the radar
receiver is adjusted so that the IF anplifier functions normally.

1. The spectrum analyzer is tuned to the IF frequency, giving a display
simlar to Figure 10-2. System noise through the IF anmplifier will cause a
relatively broad noise peak to appear at the IF frequency. Center the
spectrum anal yzer display on this peak. For this initial adjustment, use a
measur enent bandwi dth approximately 0.1 x the nominal radar |F bandw dth and
use a spectrum analyzer scan width of approximately |0x-100x the nom nal
radar bandw dt h.

2. Manually adjust the signal generator frequency and anplitude so that the
signal appears at the center of the spectrum analyzer display with an
anplitude about 10 dB higher than the noise. Adjust the vertical position
of the spectrum analyzer display so that the top of the signal response

touches one of the horizontal graticule narkings, which will be called the
reference level. Note the signal generator anplitude for the reference
| evel .

3. Increase the signal generator anplitude by 60 dB. Tune the signal

generator higher in frequency until the anplitude of the signal displayed on
the spectrum anal yzer equals the reference |level established in step 2. If
necessary, increase the spectrum analyzer span so that the frequency of the

desired signal is wthin the frequency span. Repeat the process by
decreasing the frequency of the signal generator until the display signal
equal s the reference level on the low side of the center f requency.

Increase the frequency span if necessary or decrease it if possible so that
the upper and |lower frequency points occur within, but as near as possible
to the outer edges of the spectrum analyzer display. (Use only the
calibrated span settings, so that frequencies are easy to read exactly.)

4, After readjusting the spectrum analyzer display in step 3, tune the
signal generator back to the center frequency again, reducing the signal
generator to the reference level. Wth the signal generator output held
constant in anplitude, observe the spectrum analyzer display as the
frequency is tuned through a frequency range on either side of the center
frequency. |f necessary, retune the spectrum analyzer so that the area of
hi ghest spectrum analyzer displayed is at the center of the graticule.
Readj ust the spectrum analyzer gain and the display of the signal generator
output if necessary, so that the display of the signal generators signal is
at the center of the display, 10 dB above system noi se, and exactly touching
one of the horizontal display graticule lines. Record the signal generator
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anplitude as the reference anplitude and the associated graticule as the
reference line. The display is now calibrated and ready for neasuring
selectivity.

5. Increase the signal generator anplitude to 3 dB above the reference
anplitude established in step 4. Decrease the signal generator frequency
until the signal in the display is exactly equal to the reference |ine. The
frequency of the signal generator is the frequency at which |IF bandpass
response is 3 dB down on the lower side of the center frequency. Read the
frequency from the spectrum analyzer display (in terns of separation from
the center frequency of the display) and label this frequency "-f(3 dB)."
Increase the signal generator frequency to find the corresponding frequency
on the upper side of the |IF bandpass and | abel this frequency "+f (3 dB)."

6. Increase the signal generator output to reference +20 dB. Repeat step 5
to find the frequencies above and below the center frequency at which the
di spl ayed response crosses the reference line. These two frequencies are
the points at which the IF bandpass response is 20 dB bel ow the response at
the center of the bandpass. Label these points -f(20 dB) and +f (20 dB).

7. Increase the signal generator to reference the +40 dB, and repeat step 5
to neasure the 40 dB down point, -f(40 dB) and +f (40 dB).

8. Increase the signal generator anplitude to reference +60 dB, and repeat
step 5 to neasure the 60 dB down point, -f(60 dB) and +f (60 dB).

10.3. Sanple Data and Cal cul ations

The frequency difference between -f(3dB) and +f(3dB) is the 3 dB bandw dth
of the radar, with simlar relationships holding for the 20 dB, 40 dB and 60 dB
bandwi dt hs. Figure 10-3 shows data nmeasured for the FPN- 395A radar.

10. 4. Alternative Measurenent Methods

There are many alternative nethods closely related to the method described
above. These nethods wll not be described in detail here, but enough
information will be given to allow the nethod described above to be adapted to
them |In a particularly convenient neasurenent nethod, the signal generator is
replaced with a tracking generator designed to operate wth the spectrum
anal yzer. This method has the advantage of enabling the entire bandpass
characteristic to be photographed in a single scan. The nmmjor disadvantage with
this nmethod is that it cannot be used to nmeasure nmany |F anplifiers which are
designed to saturate before a 60 dB signal range is injected; the use of nuch
smal l er spectrum analyzer resolution bandwidths (possibly .001 x the |IF
bandwi dth) will hel p overcone this disadvantage.

O her alternative nmeasurenent nmethods enploy the injection of the test
signal in the RF signal path. These are nobre accurate nmethods because using them
a larger part of the radar receiver |IF is tested; they may be necessary if a
substantial part of the radar bandwidth is determined by the RF circuits. The
maj or di sadvantage of the RF measurenent nethods is that they require the
disabling of <certain system features (such as frequency agility, STC, as
descri bed above) or the synchronization of the neasurenment system with radar
trigger pulses.
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11. RECEI VER | MAGE AND SPURI QUS RESPONSES
11. 1. Introduction
11.1.1. Cbjectives

The purpose of this test is to determine the response of the radar receiver
to signals of frequencies far renoved from the nom nal radar receiver frequency.
These responses are divided into the response at the IF inmage frequency (called
the i mage response) and the rest of the responses (called spurious responses).

11.1. 2. Definitions

The inmage and spurious responses are defined as the responses of a radar
receiver to signals at the inage frequency and other frequencies, respectively,
conpared with the radar receiver response to a signal at the radar receiver tuned
frequency. The responses will be neasured in terns of "dB below the desired
response"” or sinply as dB suppression. This test applies only to the receiver RF
and | F characteristics; signal processing rejection is not included.

11.1.3. Specification limts

For radars in Goup B, all spurious responses shall be suppressed at |east
50 dB except for image responses, which have no specification limt. For radar
receivers in Goups C and D, the image response shall be at l|least 50 dB down.
Al'l other spurious responses shall be at |east 60 dB down.

11.1.4. Test conditions

Radar receiver spurious and inmmge response shall be measured by injecting
the test signal in the signal path between the radar antenna output and the input
to the receiver. The receiver shall be tested over the frequency range shown in
section 3.3, while the radar is tuned to near the high and |ow edges and the
m dpoi nt of the radar operating frequency band.

11.2. Measurenents
11.2.1. Instrunentation

The instrunentation used in this test is shown in Figure 11-1. The details
of this instrunentation wll have to be changed depending on the type of
instrunentation available for the test. During an actual test, for exanple,
several signal generators might be required to cover the frequency range. The
signal generators mght have built-in pulse generation capability adequate to
performw t hout an external pul se nodul ator, etc.

In this test, a pulsed RF signal is injected into the radar receiver at
frequencies relatively far away from the radar operating frequency. The
selection of a point in the signal path to inject a test signal should be nmade as
close to the radar antenna as is convenient. The test point should include any
bandpass filters in the signal path, but it must exclude the possibility of test
equi pmrent damage caused by the radar transmitter output pulsed signal. If an RF
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filter 1s wused 1in a signal path shared by the transmitted and received signals,

it may be necessary to turn off the transmitter while these measurements are
being made. The connection to the receiver input should be carefully made, using
an existing waveguide coupler or installing a suitable waveguide adapter or

coaxial cable, as required.

A detector and oscilloscope is connected at the output of the IF strip to
identify any responses caused by the input test signal. In many radars, this
equipment 1is already present in the form of a detector and "A-scope"” or similar
system monitor. The oscilloscope, triggered by the radar system trigger is
adjusted so that the test pulse appears in a stable position on the display.

The test signal is produced by a signal generator (or a combination of
signal generators) which covers the required frequency test range. The signal
generator is pulsed with a pulse whose duration is comparable to the nominal
pulse width of the radar. The test pulses must be synchronized to the radar
receiver operation with a delay such that they are placed within the time window
of maximum receiver sensitivity. The same trigger pulse is wused to synchronize
the oscilloscope display to the pulse generation., Frequency-hopping radars are
tested on one fixed channel at a time. Chirp radars are tested with a CW signal.

Determine the required test frequency range from the table in 3.3. Examine
the radar characteristics and determine where connections can be made to the
receiver input, the IF output, and the radar trigger pulse. Set up the necessary
equipment as required, and 1indicated in Figure 1ll-1. If the radar has an STC
(Sensitivity Time Control) or a similar function, disable the function to give
maximum receiver sensitivity or add enough delay to the radar pulse trigger so
that the test pulse will arrive at the radar input when the receiver has maximum

sensitivity.

11.2.2. Test Procedures

l. Calculate expected image and spurious response frequencies based on the

formula:

F(sp) = (p x F(LO) + F(IF))/q

where:
P, q are integers 1,2,...

F(LO) is the local oscillator frequency

F(IF) 1is the frequency of the first IF

should be calculated for all wvalues of p and q up to 10 or
until F(sp) 1is out of the frequency range in Table 3.3. The receiver should be
tested at these frequencies with special care when the frequencies are
encountered in the next several test steps, since spurious responses are possible
at these frequencies., Signals at frequencies associated with low values of p + q
equal to (three or less) are especially likely to produce responses when they

fall within the normal operating range of the radar.

These frequencies

-82-



2. Tune the radar to a frequency near the |ower edge of the operating band.
Adjust the pulse nodulator to give a duty cycle of 100% (CW. Tune the signal
generator to the radar operating frequency and note the signal generator setting
required to deliver 0 dBm to the power neter at the input to the receiver. Tune
the signal generator over the conplete test frequency range and note the
difference in output settings required to deliver 0 dBm at about 20 frequencies
in the test frequency range. This wll give a table of generator correction
factors which can be used to produce a constant test signal anplitude at the
recei ver input.

3. Tune the signal generator to the radar operating frequency and inject
sufficient signal anplitude to produce an observable trace on the oscill oscope.
Adj ust the pulse nodulator to produce pulses with approximtely the sane duration
and PRF as those of the radar under test. Synchronize the pulse nodulator to the
radar using the pulse trigger for the radar. Decrease the signal anplitude so
that the IF anplifier is not saturating. Adjust frequency and tine delay to
maxi m ze the pulse display on the oscilloscope. Choose a pulse height that is
easily visible above system noise and below saturation, and adjust the
oscill oscope display so that the top of the pulse falls exactly on a graticule
marking. Call this anplitude the detector reference anplitude. Disconnect the
signal generator from the reciever input; adjust the pulse nodulator for 100%
duty cycle; and neasure the signal generator power |evel at the receiver input
with a power neter. (Note that it nay be necessary to increase the signal |evel
by sone known amount in order to measure it on the power neter). Label this
anplitude the receiver reference anplitude.

4. Increase the signal generator level by 60 dB (radars in Goup B) or
70 dB (radars in Goup C or D). Tune above the radar receiver frequency by about
10 times the bandwidth of the radar receiver. Slowy increase the signal
generator frequency, adjusting approximately for the loss in the cabling and
pul se nmodulator so as to keep a constant anplitude input at the radar receiver.
Watch the oscilloscope constantly for any pulsed signals which occur above the
detector reference level. Note the frequency of the signal generator and keep a
list of all such frequencies. Continue the process until the entire frequency
range above the radar frequency has been tested. Repeat the process for
frequenci es bel ow the radar frequency.

5. For each frequency on the list at which a response was detected, neasure
the suppression. At each frequency, adjust the signal generator so that the
oscill oscope trace to exactly touch the detector reference line. Use the power
meter to measure the anplitude of the signal required to produce a detector
reference response. (It nay be necesary to increase the signal generator output
by several steps of 10 dB to neasure it on the power neter.) Conpare this
anplitude to the receiver reference anplitude neasured in step 2. The
difference, in dB, between these anplitudes is the suppression at that frequency.

6. Inspect the list of frequencies and corresponding suppressions. Any
suppressions smaller than the requirements in the RSEC should be noted on the
radar test report.

7. Repeat the above steps with the radar tuned to a frequency near the
m dpoi nt of the operating frequency band and for a frequency near the top of the
operating frequency band.
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11.3. Sanple Data and Cal cul ati ons.

The (hypothetical) FPN-395A radar operates over the 2900-3100 Mz band.
Therefore, table 3.3 shows that tests should be performed from about 2.0 GHz to
about 15 GHz.

Figure 11-2 shows a table of correction factors used to conpensate for
insertion losses of a pulse nobdulator and cables over the frequency range. In
the case of this test the signal generator contained an internal pulse nodul ator
and a single generator provided coverage over the entire frequency range.
Therefore, the ~correction factors are relatively small. Wth such small
variations in adjacent correction factors it probably would not be necessary to
nmeasure at 20 frequencies as several frequencies which are especially likely to
produce neasurabl e responses have been narked with an asteri sk.

Figure 11-3 shows a portion of the list of calculated possible spurious
responses suggested in step 2.

11. 4. Alternative Measurenent Methods.

More conplex radars may require substantial nodification of the measurenent
nmet hod described above. Such nodifications nmay be nade necessary because of
signal processing options which cause the radar to ignore interfering signals or
various other self-adaptive features which interact wth the radar signal
environnent. Since this test is intended to be only a test of RF and IF
hardware, it may be difficult to sufficiently decouple the radar hardware from
the overall radar system performance. In these cases, it wll be necessary to
design tests which nmeasure the hardware as well as practicable and to provide a
description of those tests.
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Radar Type: FPN- 395A
Qperating Frequency: 2900 MHz

Test Frequency Range: F(MN) = 1500 MHz, F(MAX) = 15 G

Frequency Correction Factor (dB)
1.5 Gz -0.5
2.0 GHz -0.4
3.0 GHz 0.8
3.5 G 0.6
4.0 Gz 1.1
5.0 GHz 0.7
6.0 GHz 1.2
7.0 GHz 2.3
8.0 G+ 1.4
9.0 G+ 2.1
10.0 Gz 3.1
12.0 Gz 4.3
15.0 Gz 3.5

Note: + factors nean that the test generator output should be
i ncreased above noninal, -factors require generator
out put to be decreased.

Figure 11.2. Correction Factors for Receiver Spurious Response Test.
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Radar Type  FPN-395A

Operating Frequency

= 2905 MHz

First IF Frequency F(IF) = 160 MHz
Local Oscillator F(LO) = 3065

Test Frequency Range

F(MIN) = 1500 MHz,

Calculate spurious responses using:

F(SP) = (p x F(LO) + F(IF)/q

For p =1
Value of q
1
2
3
4
5
6
7
8
9
10
For p = 2:
1
2
3
4
5
6
7
8
9
10
For p = 3:
1
2
3
4
5
6
7
8
9
10

(1)Fundamental response for the FPN-395A

(2)Image response

- F(IF)

2905 (
1432.5
968.3

5970%
2985
1990
1492.5

9335
4667
3111
2333
1867
1555
1333

1)

*

F(MAX) = 15,000 MHz

+ F(IF)

3225 (2)
1612.5%
1075

6290%
3145
2096.6
1572.5
1258

9655
4827
3218
2413
1931
1609
1379

*Frequencies that are likely to produce responses

Figure 11-3.

Calculation of Image and Spurious Responses.
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12. RECEI VER LOCAL OSCI LLATOR RADI ATI ON
12. 1. Introduction
12.1.1. bjective

The objective of this test is to deternine whether the level of |ocal
oscillator signal radiated fromthe radar receiver is excessive.

12.1.2. Definitions.
None.
12.1.3. Specification limts.

Local oscillator emission fromthe receiver input shall be less than -40 dBm
for radars belonging to G oup B, Goup Cor D

12.1.4. Test conditions.

Local oscillator emssion shall be nmeasured with the radar operating
normal ly at frequencies near the lower and upper limts and near the midpoint of
the radar operating frequency band.

12.2. Measurenents
12. 2. 1. | nstrunent ati on

Figure 12-1 shows the instrunentation required for this test. The receiver
i nput point selected should be the sanme point selected for spurious response
test. Use suitable waveguide to coax adapters if the receiver input is connected
wi th wavegui de. The power nmeter nmay be omtted if the signal generator output is
accurately cali brated.

12.2.2. Test procedures
1. Connect the equipnent as shown in Figure 12-1. Although spectrum

anal yzer settings are not particularly critical in this measurenent procedure,
the following Iist of settings is an adequate starting point for nost radars.

Scan wi dth 100 MHz
Center frequency Local Gscillator
Bandwi dt h 100 kHz
Scan tine (total) 100 ns (10 ns/div if 10 divisions)
After the LO is located and centered on the spectrum analyzer, it wll be

possi ble to decrease the scan width and, if necessary, the bandw dth.
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2. Tune the radar to an operating frequency near the |ower edge of the
operating frequency band, and center the spectrum anal yzer display at the nom nal
LO frequency. Calibrate the spectrum analyzer and cable conbination at the LO
frequency by disconnecting the test cable from the receiver input and applying a
-40 dBm signal at the LO frequency to the receiver end of the cable.

3. Reconnect the test cable to the receiver input. Tune the spectrum
analyzer to the LO frequency and use the calibration derived in step 2 to
calculate the LO enission referred to the receiver input.

4. Repeat the above steps with the radar tuned to md-band and upper band
edge frequenci es.

12.3. Sanmple Data and Cal cul ati ons.
None.
12.4. Alternative Measurenent Mt hods.

If the input to the receiver is not easily accessible, it may be necessary
to neasure the receiver LO through one of the waveguide couplers which are
normal ly part of the radar equi pnent. This neasurenent technique is identical to
the technique previously described, except that the anpbunt of coupler |oss nust
be known to refer the neasured LO anplitude back to the receiver input. For
exanple, a -40 dBm LO enission at the receiver input would be reduced to -90 dBm
if the coupler had a 50 dB loss, and the -90 dBm anplitude at the coupler output
woul d represent the newlimt on LO enission.

If it is necessary to nmeasure the LO using an existing wavegui de coupler,
two potential problems nust be specifically addressed. First, transmtter pulses
may be present at this point which will have sufficient anplitude to damage the
spectrum anal yzer. Therefore, it wll be necesary to turn the transnmtter off
before this neasurenent is made. In some radars, however, transmitter operation
is necessary for proper operation of the LO. For these radars it wll be
necessary to reduce the amplitude of the transmitted pulses with the use of a
notch filter or sinilar technique.

Second, the coupler loss may reduce the -40 dBm |eakage signal to levels
below the sensitivity of the spectrum analyzer. This nay be neasured by
calibrating the spectrum analyzer and cable responses wth a test signal
anplitude equal to 40 dBm minus the coupler loss. If a response at least 5 dB
above the noise is not seen, it wll be necessary to inprove the spectrum
anal yzer sensitivity. This can be done by inserting a pre-anplifier ahead of the
spectrum anal yzer or by reduci ng the spectrum anal yzer bandwi dt h.
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13. RADAR RECEI VER FREQUENCY STABILITY
13. 1. Introduction
13.1.1. (bjectives

The purpose of this test is to neasure the frequency stability of the radar
receiver.

13.1.2. Definitions

Recei ver frequency stability includes all of those factors which affect the
frequency of rmaxinmum receiver sensitivity. For npst radars receivers, the
frequency of the local oscillator will be the npbst inportant factor in the
recei ved frequency, and will be assuned to hold in this test. Therefore, receiver
frequency stability is assumed equivalent to |ocal oscillator frequency
stability.

13.1.3. Specification limts

For radars in Goup B or Goup C the frequency stability of radar receivers
shal | be "comensurate with, or better than, t hat of the associated
transmtters." Frequency tolerance for transmtters is shown in Section 8.

13.1.4. Test conditions

The receiver frequency stability test conditions are identical to the test
conditions for Transmitter frequency drift. These conditions include warmup
conponent aging, power supply voltages, etc. It is recommended that receiver
frequency stability testing be done concurrently wth transmtter frequency
stability testing.

13. 2. Measurenents
13. 2. 1. I nstrunent ati on

Figure 13-1 shows the instrunmentation for this test. It is recommended that
this test be done concurrently wth transmtter frequency stability testing
(section 8). The frequency counter shown here can be tinme-shared with the
frequency counter shown wth the transmitter tests. Depending on the Loca
oscillator sampling point, it may be necessary to include a preanmplifier to
provide a sufficiently strong signal to allow the frequency counter to count

properly.
13.2.2. Test Procedures

This test should closely follow the transnmitter frequency tests described in
Section 8. Local oscillator frequency should be neasured whenever the
transmitter frequency is neasured, providing a sinmultaneous, but independent
record of receiver drift. As with transmitter drift, no specific schedule of
test sanpling conditions is recomrended here. The schedule should reflect the
operational schedul e of the radar
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13.3. Sanple Data and Cal cul ations

None.
13.4. Alternative Measurenent Methods

The neasurenent method outlined previously depends on the assunption that the
significant part of the frequency drift is due to Local Gscillation drift and
i gnores other sources of drift. If other sources of drift are not insignificant,

it will be necessary to inject a test signal of known frequency at the radar
recei ver input and nmeasure its anplitude at the detector output.
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