NTIA REPORT 82-92

Output Tube Emission Characteristics
of Operational Radars

R.J. Matheson
J.D. Smilley
G.D. Falcon

V.S. Lawrence

Y OF
&V o,
8
&
aQ

&
\J
."i

<
”C‘

*
[-3
%;0

Srargs of

U.S. DEPARTMENT OF COMMERCE
Malcolm Baldrige, Secretary

Bernard J. Wunder, Jr., Assistant Secretary
for Communications and Information

o

January 1982




This Page Intentionally Left Blank

This Page Intentionally Left Blank



TABLE OF CONTENTS

ABSTRACT .
L. | NTRCDUCTI ON .
2, MEASUREMENT  TECHNI QUES .

2.1. The Radio Spectrum Measurenent

System (RSMB)

2.2. Radar Em ssion Spectra Measurenents.

3. DATA ANALYSI S.

4, SPECTRA OF S-BAND SURVEI LLANCE RADARS.

5. SPECTRA OF L-BAND LONG RANGE RADARS.

6. SPECTRA OF HEI GHT- FI NDI NG RADARS .

1. SPECTRA OF WEATHER RADARS.
8. CONCLUSI ONS.
9. REFERENCES.

APPENDI X:  RADAR SPECTRUM ENG NEERI NG CRITERI A ( RSEC)

CALCULATI ONS.

16
19
28
36
37

39




Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fi g.
Fi g.
Fig.
Fig.
Fig.
Fig.
Fi g.
Fig.

Tabl e 1.
Table 2.
Table 3.

Tabl e 4.

o~ D e

© ® N o

11.
12.
13.
14.
15.
16.
17.

LI ST OF FI GURES

Rf /video bl ock diagram of RSMS van .

Airport surveillance radars, ASR-5, CPN-4 .

Airport surveillance radars, GPN 20,
Airport surveillance radar, FPN-47 .

Airport surveillance radar, ASR-8, klystron, diplexer

TPN-19 .

filtered (Ch. A-2884 MHz, Ch. B-2824 Miz).

TPS-43E, twystron, long range tactical radar .
Long-range air route surveillance radar, ARSR-1E .
Long range air route surveillance radar, ARSR-1E .
Long-range search and air route surveillance radar,

FPS- 107, ARSR- 3 . Coe

Hei ght finding radars, FPS-90 .
Hei ght finding radars, FPS-90 .
Hei ght finding radars, FPS-90 .

Hei ght finding radars, FPS-6, FPS-90 .

\Weat her radars, WBR-57, FPS-77 .
\Weat her radars, WBR-74S .
\Wat her radars, WSR-74C .

\Weat her radars, WBR-74C, WR-100-2/77 .

LI ST OF TABLES

Sel ected Qperational and Measurenent
S-band Surveillance Radars.

Sel ected Qperational and Measurenent
L-band Long- Range Radars.

Sel ected Qperational and Measurenent
Hei ght - Fi ndi ng Radars .

Sel ected Qperational and Measurenent
\Weat her Radar s. :

Par anet ers

Par amet ers

Par amet ers

Par amet ers

for

for

for

for

Page

10
12
13

21
24
25
26
27
31
32
33
34

17
23

.30




QUTPUT TUBE EM SSI ON CHARACTERI STI CS
OF OPERATI ONAL RADARS

R J. Matheson, J. D. Smlley, G D Falcon, and V. S. Lawence*

During the past several years, the Radio Spectrum Measurenent System
(RSM5) of the National Telecomunications and Information Admnistration
(NTI'A) has measured the enmission spectra and other characteristics of many
radars operating in the government frequency bands. This report contains
the em ssion spectra of 19 different types of radars, selected to show
the different em ssion spectrum characteristics produced by a variety of
radar output tube technologies. The radars include exanples of ground-based
search, airport surveillance, weather, and height-finding radars operating
in L-band, S-band, or C band.

The RSMS, contained within a nobile van, is described, along with the
measurement techniques used for obtaining radar emssion characteristics.
The enission linmts inposed by the Radar Spectrum Engineering Criteria
(RSEC) are displayed with each em ssion spectrum

Key words: Radar, Emssion Spectrum Magnetron, Radar Measurements.

1. | NTRODUCTI ON

Since 1973, the Radio Spectrum Measurenment System (RSMS) has been making
neasurenents of the emission spectra of a large nunber of radars. About 200
radar spectra have been measured in a nominal fashion as part of the general
spectrum occupancy measurenents which the RSMS has made throughout the country.
Possibly 75 radar spectra have been nmeasured in greater detail, wth additional
dynamic range and frequency range. These radar neasurenents were begun under the
O fice of Telecomunications Policy (OTP) and have continued under the National
Tel ecommuni cations and Information Admnistration (NTIA) as part of on-going
studies of radar band usage (H nkle et al., 1976). These neasured radar spectra
represent a considerable source of data which might be helpful in reaching optinum
decisions for spectrum engineering in the radar bands. Since many of the neasured
radar spectra are not available in widely circulated publications, this report has
been prepared as a summary of radar spectra which we believe are pertinent to the
probl em of spectrum conservation in radar bands. The Federal Government radio spec-
trum contains many frequency bands allocated to radars, and several of these are
severely crowded. Several types of radar output tubes are relatively mserly in
their use of the spectrum and would substantially relieve the present crowding;
sone are outrageous spectrum spendthrifts. In many cases, good spectrum qualities

The authors are with the Institute for Tel econmuni cation Sciences, National

Tel ecomuni cations and Information Admnistration, U S. Departnent of Commerce,
325 Broadway, Boul der, Col orado 80303.




may be outweighed by features which are disadvantegeous to specific mssion require-
ments. Therefore, the choice of a high-power output tube is not straightforward,
but represents a series of tradeoffs to see what type of radar technology is best
for a particular circunstance.

This report is not to inply that spectrum conservation shoul d outweigh
other operational and economic considerations in the choice of a radar output
tube; but, to enphasize that spectrum conservation nust be considered--al ong
with other factors--and that considerable data are available on radar spectra to
aid in the considerations.

W\ have nade no attenpt in this report to rank the desirability of output
tube characteristic in any manner. On the contrary, this report contains spectrum
data in as unbiased a form as possible. A Radar Spectrum Engineering Criteria
(RSEC) Iimt has been plotted on the individual radar spectra. Even this Cctober 1977
RSEC (NTI A, 1980) should not be regarded as a value judgnment on a particul ar radar
spectrum because the particular radar many not be subject to the linmts inplied
by that RSEC. The same RSEC limt was drawn on all of the radar spectra--regardless
of what RSEC limts actually apply to that radar--to provide a single technical
reference for conparison between radars. This RSEC contains sone neasurenent band-
width correction factors, described in a later section, which nust be included if a
valid conparison is to be made between radars. Merely observing the anplitude of the
sidebands relative to the peak will often give msleading interpretation of these
spectrum data

V& have selected an assortment of radar spectra for this report that give a
representative view of the emssion spectra available from various currently
operational output tube technologies. In sone cases, the selected radar spectra
were chosen from anong many exanples of neasurements made on a particular nonen-
clature. In these cases, the spectra were selected to show a spread of charac-
teristics that were encountered. In other cases, we have only a very few (even
single) exanples of a spectrum froma particular nomenclature. W would have no
way of evaluating the degree to which these spectra are typical; however, we
have not knowingly selected atypical data for inclusion here.

2. MEASUREMENT TECHNI QUES
2.1.  The Radio Spectrum Measurenment System (RSMS)

The RSM5 is a conputerized nulti-stage superheterodyne receiver, tunable
between 100 kHz and 18 GHz, that is integrated into a notorhone-type van for
easy transportation and operation at renote sites. The van contains environ-
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mental controls and two 6-KVA RFl-shielded nmotor-generator sets to allow for

operation independent of other logistic support.

Essentially all functions of the receiving system|(Fig. 1.)| are under

conputer control, and a very flexible digital data processing systemis used to
process real-time information or to record data for |ater analysis.

The antenna subsystem includes noise diodes to calibrate the systemin
absolute anplitude at the antenna termnals. Relays are used to select either
a desired measurenent antenna or the noise diode for calibration. This technique
automatically accounts for switching or transmssion losses involved in bringing
the received signal fromthe antennas to the signal processing inputs of the
receiver.

As required, 0-70 dB input attenuation nmay be inserted to bring the input
signal within the measurenent range of the receiver. The system software auto-
matically connects the proper preselector/preanplifier, based on the frequency
of the signal being measured. Below 500 MHz, fixed-tuned bandpass filters are
used to keep out-of-band signals frominterfering with measurement of the de-
sired signals. The system uses YIGtuned tracking preselectors and post selectors
for received frequencies above 500 MHz. Preanplifiers are used to decrease system
noise figure for frequencies below 12 GH.

The signal is converted to an |F signal after several mixing stages. Al
of the local oscillators are derived from a single synthesized reference fre-
quency, so that received signal frequencies can be tuned very accurately.

Several |F/detector units are used for various types of neasurenents. A 3 Mz,
narrowband IF unit allows a choice of ten bandwi dths between 10 Hz and 300 kHz

and gain adjustnent fromOto 50 dB in 10 dB steps. A 50 MHz wideband IF unit
allows a choice of 1 Mz or 3 Mz bandwidths. Video bandw dths in excess of 10
MHz are available from a detector/log anplifier mdule driven directly from the
preamplifiers. The AM FM cw, and SSB denodul ator circuits are available to noni-
tor the aural content of the signal. Peak and quasi-peak detectors are avail-
able to assist in making measurements of radar and broadband inpul sive noise
signal s.

A pul se-blanking systemis used to isolate a single radar froma nulti-
radar environnent, so that neasurenents may be made on that radar only. A pul se
train separator and a pul se repetition frequency filter provide a neans of
determ ning when the desired radar pul ses are present. This equi pnent operates
with a high-speed switch to gate only the desired radar pulses into the neasure-
ment circuits. A peak detector is used to neasure the anplitude of the selected
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pul ses.
For additional information on the RSMS capabilities, refer to the refer-
ences at the end of this report.

2.2. Radar Emssion Spectra Measurenents

The enission spectra measurenents presented in this report were collected
as part of a several-year series of radar band spectrum occupancy surveys and
special radar neasurements conducted as part of the NTIA frequency managenent
program

Sone of the radar spectra were neasured with a direct connection to a
suitable coupler on the radar output. This technique usually provided the best
dynam ¢ range, though often entailed some feedthrough problens due to the high
signal levels. In other cases, the RSM5 was |ocated at a distance from the
radar and used an antenna to obtain a sanple of the radar spectrum  This
allows working with smaller signal anplitudes but introduces the problem of
isolating the radar spectrum from other signals in the environment.

In this case, several techniques were used to mnimze the influence of
other radars on the neasurement. A parabolic dish antenna was usually used for
these nmeasurements. The dish provided considerable angular discrimnation
against other radars, in addition to giving extra system gain necessary to
nmeasure farther down on the skirts of the radar spectrum |f necessary, the
pul se blanking capability could be used to help elimnate other radars from the
measured em ssion spectrum

The radar spectra neasurements utilize a program (Wde Band Scan) that
allows the specification of many operating paraneters, including frequency
range, number of frequency steps within the specified range, dwell time on each
frequency step, bandwidth, rf attenuation, |F gain, peak hold, and receiving
antenna.  The program steps across a selected band of frequencies, starting at
the |ower end of the frequency range and continuing until the upper end of the
frequency range is reached. A typical frequency range selected is 200 Miz, with
200 steps within this range. If a |-Miz or greater neasurenent bandw dth is
al so selected, the entire 200-Miz segnent is sure to be nmeasured. At each
frequency, the system waits for a specified dwell time (typically 5 seconds
for S-band radars) continually nmeasuring the peak anplitude of the signal and
updating its measurement when a stronger pulse occurs. The dwell tine is cho-
sen somewhat |onger than the rotation period of the radar antenna, to ensure
that the peak neasurement recorded for each frequency will contain the period of
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time during which the radar antenna’s main |lobe was ained directly at the RSM.
O course, if operational constraints allow it, the radar can be continuously
pointed at the RSM5, pernmitting a very short dwell time, reducing the tine
required to conplete the neasurement. As the neasurenents are nmade, the nea-
sured data are graphed. The operator may add or subtract rf attenuation in 10-dB
steps as required to keep the signal within the linear measurement range of the
system  Software conpensates for rf attenuation so that the graphed data are
continuous and appear to have been neasured by a system with larger dynamc
range. In sone extrenme situations where the conbination of preelection and
attenuation did not’ provide sufficient dynamc range, a notch filter--tuned to
the radar center frequency--was inserted at the nmeasurement systeminput. The
insertion loss of the filter is compensated by the noise diode system calibra-
tion routine to give a correct center frequency power neasurement for the radar
spectra. Whenever operational constraints pernitted, sequential frequency seg-
ments were neasured until the received radar signal fell below system noise as

illustrated by Figure 3a.

3. DATA ANALYSIS

The RSEC was established to help ensure an acceptable degree of electromg-
netic conpatibility anong radar systems. A detailed explanation of the RSEC is
found in section 5.3. of the Minual of Regulations and Procedures for Federal
Radi o Frequency Managerment (NTIA, 1980).

The RSEC bases an allowabl e emission bandwi dth, B, on certain radar opera-
tional parameters including the radar type, transmtted power, pulse character-
istics, frequency, and procurement or mmjor overhaul date. For purposes of
technical conparability, the sane RSEC was applied to the spectra of all radars
presented in this report, even though a different RSEC category may correctly

apply to the spectra. For the -40 dB bandwi dth we sel ected:

B(_40 dB) LS s Or % , Whichever is |ess,
vt tr
where t = radar pulse width and t_ = radar pulse risetime.

It will be noted, Figure 5, for exanple, that the RSEC linit often starts
several decibels above the peak response of the radar. This difference is from
a correction factor that was added because the measurement bandwi dth was

| arger than the emnission bandw dth.




The data in the enission spectra neasurenents nust be converted to power
density (dBm kHz) before the neasurements can be conpared to the RSEC. Since
the RSEC is in relative terns (sidebands nust be suppressed a certain nunber of
dB below the power level at the fundanental frequency), it night seem reasonabl e
to apply the RSEC directly to the neasured and graphed emission spectra. This
may be incorrect, however, if the radar is neasured with bandwi dths |arger than
|/t, because the peak detector operates on a different pulse shape at the funda-
mental than it does at the sidebands.

The net result of this phenomenon is that the peak energy in the sidebands
is sonetines neasured several decibels too high conpared to the energy neasured
at the fundamental frequency.

The RSEC limts are shown as dashed lines on the enission spectra presented
in sections 4, 5, 6, and 7. Additional information concerning the RSEC selec-
tion and conputation is contained in the Appendix. Values from tables 1 through
4 were used to conpute the RSEC for all of the radar spectra presented.

It should be noted that sone of the paraneters in the tables were not ob-
tained by direct measurenents on the listed radar. Logistic and tine con-
straints did not permt the RSM5 crew opportunities to make all of the neasure-
ments at every radar site. In the tables, wherever a neasured paranmeter is re-
quired, a code letter fromthe following list is used to indicate where the

val ue was obt ai ned.

CODE
M - Measured by RSMS personnel
E - Estimated from best data available (radar operators or

mai nt enance personnel, Radar Standards Handbook, etc.)
G - Government Master File (GW) listings.

4,  SPECTRA OF S-BAND SURVEI LLANCE RADARS

The S-band surveillance radars represent the largest population of fixed
radars in the United States. They are the primary users of the crowded 2700-
2900 MHz band, and are the radars typically seen at nost large airports and
mlitary air bases.

In this section are several spectra of older airport surveillance radars
(ASR S) using conventional magnetrons and one exanple of a nore recent ASR using
a klystron amplifier. Also included in this section is one exanple of a nmli-
tary tactical 3D surveillance radar. Note that, except for the GPN-20, all of
the radars using a conventional nagnetron exhibit the characteristic “porch”, on
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the lower side of the fundamental frequency, caused by frequency-pulling at the
| eading and trailing edges of the transmtted pul se. A though the “porches” of
the FPN-47, ASR-5, and TPN-19 radars tend to exceed the reference RSEC, these
radars’ sideband frequencies are relatively well suppressed. The CPN-4, on the
other hand, tends to exceed the RSEC over its entire frequency range. (One
factor which is, unfortunately, not known is the extent to which tube aging my
be a factor in these differences. The CPN-4 was an ol der radar and was measured
at a relatively inactive Naval Air Station where it was operated only occasion-
ally by nmilitary reserve units
The GPN-20 al so uses conventional magnetrons, but additionally uses a
diplexer filter for two-channel operation. The nost recent ASR illustrated in
this section is the ASR-8. It uses a klystron anplifier and a diplexer filter
and provides the cleanest spectrumof all the ASR'S. The TPN-19, GPN-20, and
the. ASR-8 are nmodern ASR S which transnmit on two frequencies sinultaneously to
give nore protection against an effect called “target scintillation”, whereby an
echo from a target can occasionally disappear at a particular frequency. There
is less likelihood of sinultaneous disappearance at two frequencies. Frequency
diversity operation gives a small inprovenent in detection range, and an inprove-
ment in probability of detection equivalent to a 3-5 dB increase in transnitter
power .
The TPS-43E is included in this section to show the influence it may have
on the crowded 2700-2900 MHz band and also to provide an exanple of the twystron
(TWI/ klystron) anplifier. The TPS-43E neasured was under operational constraints
not to transmt all sixteen channels at one time, and--in fact--many channels had
not recently been used and were not peaked up for the neasurements. To provide a
representative exanple, however, measurenents were made on all channels individually
and graphically conbined. An extended spectrum of the radar operating on only chan-
nel 1 is also included.
Measurement and analysis paraneters, plus additional information about the
radar spectra presented in this section, are listed in|table 1.
ASR-5 |((Fig. 2a)., The ASR-5 is an ol der FAA two-dinensional, nediumrange
(I''l'km 60nm ), S-band airport-surveillance radar with a conventional magnetron
It is also used at mlitary airfields where it is designated as an FPN 47/55.
CPN-4[(Fig. 2b)., The CPN-4 is an older, self-contained, nobile ground-
control -approach (GCA) radar that functions as an Air Traffic Control Centra
for landing aircraft during periods of reduced visibility. The search (surveil-,
| ance) portion is a mediumrange (56 km 30 nm), S-band (2700-2900 MHz) radar with a
8




Table 1. Selected Operational and Measurement Parameters for S-band Surveillance Radars

Pulse Pulse
Operating Repetition Pulse Rise Peak Measurement
Radar Amplifier Frequency Rate Duration Time Power Bandwidth(s) Figure

Equipment Type (MHz) (pps) (us) (ns) (dBm) (kHz) Number

FPN-47 Conventional 2800 1142 0.96 90 86 1000 4a
(Channel A) Magnetron M) M] M) M] [G}

FPN-47 Conventional 2813 1142 0.92 80 86 1000 4b
(Channel B) Magnetron M} [M] M} [M] [6]

GPN-20 Conventional 2885 1000 1 100 87 1000 3a
(Channel A) Mag. (Filtered) M] [E] [E] [E} [E]

GPN-20 Conventional 2808 1000 1 100 87 1000 3a
(Channel B) Mag. (Filtered) M] [E] iM] M) [E]

TPN-19 Conventional 2827 1050 1 150 87 1000 3b
(Channel A) Magnetron M] [E} [E] [E] [E]

TPN-19 Conventional 2719 1050 1 150 87 1000 3b
(Channel B) Magnetron M] {E] [E] [E] [E]

ASR-5 Conventional 2790 1130 1.02 30 89 1000 2a

Magnetron M} M] ] M} (6]
CPN-4A Conventional 2807 1200 0.5 50 88 1500 2b
Magnetron M) M) [G] (E] (6]

ASR-8 Klystron 2885 1008 0.69 100 90.5 3000 5
(Channel A) [M] M} [E] [E] {G]

ASR-8 Klystron 2825 1008 0.69 100 90.5 3000 5
(Channel B) M] M) M) M] [l

TPS-43E Twystron 2902 250 5.6 500 94.5 300 6

] M} (E] [E] (E]

M} - Measured
fE] - Estimated
{G] - From Government Master File



o
f (=}

LAY

——

7900

FRequency IN MHz

500

e

s oy wvy

magnet r on

conventi onal

ASR- 5,

a.

MHz

- FREQUENCY IN

magnet ron

conventi ona

CPN-4

b.

ASR-5, CPN-4.

surveillance radars

Airport

Figure 2.

10




conventional magnetron.

GPN-20 |(Fig. 3a)., The GPN-20 is a nodern Air Force S-band two dinension-
al radar used for airport surveillance, It is essentially identical to the
ASR-8, but uses conventional magnetrons instead of klystrons. The radar is
normal |y used in the diplex mode with the two center frequencies 70 to 90 Mz
apart. The diplexer’s narrow band pass characteristic substantially reduces the
si debands from the conventional magnetrons, and the resulting spectrum falls off
very rapidly. The range is 111 kilonmeters (60 nautical miles) using 500 kW peak
power. The radar is used in conjunction with an integrated Precision-Approach-Radar
(PAR) .

TPN-19 |(Fig. 3b).| The TPN-19 Air Traffic Control (ATC) system consists
of a TPN-24, S-band, airport surveillance radar and a TPN-25, X-band, precision
approach radar. The TPN-24 (nmeasured) is a two-dinmensional ASR using conven-
tional magnetrons. Unlike the GPN-20, however, the TPN-19 does not use a nar-
rowband diplexer to conbine the two channels, but uses a broadband diplexer with
a notch at the frequency of the other channel. This configuration does not
provide the extra rejection of magnetron sidebands, and the TPN-19 output spec-
trumis that of a conventional magnetron. The systemis often used as a tenpo-
rary replacement while a permanent systemis being installed. The range is 111 km
(60 nm), transmitting 450 kWusing a nmagnetron in a diplex node. Stacked horns
are used to shape a vertical fan beam (about 20°) without resorting to extra
antenna hei ght.

FPN-47 |(Fig. 4).| The FPN-47 is an Air Force S-band two-dinensional radar
(same as FAA's ASR-5) used for airport surveillance and is a part of an air
traffic control system The range is 111 kiloneters (60 nnmi) using 400 kW peak
power. Simlar mlitary radars are the FPN-51, and the FPN-55. Channels A and
B are shown separately to illustrate substantial differences between channels.
Measurement system noise is at -94 dBm shown as a relatively straight line near
the |lower frequency end of the displayed spectrum

ASR-8 |(Fig. 5).| The ASR-8 is a recent FAA air traffic control two-dinen-
sional, nedium range 111 kilometers (60 nm) S-band airport-surveillance radar
using two klystron anplifiers each transmtting 1 MVin a diplex node. The radar
has an exceptionally clean spectrum due to the use of klystrons and the narrowband
diplexer filter. Cther neasurements, not shown here, indicate that the diplexer
characteristics provide significant inprovenent to the klystron output sidebands.

TPS-43E|(Fig. 6).| The TPS-43E is an Air Force 3-D, stacked-beam surveil-
| ance radar and 1s alr and ground transportable. The range of the TPS-43E is

11
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481 kilonmeters (260 nm), transmitting 4 MVusing a linear beam twystron. The trans-
mtter control can select any one of 16 frequencies in the range from 2900 to
3100 MHz. It can operate on six different PRR's; the average PRR is 250 Hz using
a 6.5 uspulse. The antenna uses six stacked feed horns to determne target
height. The TPS-43E is designed for sinultaneous |ong range search and height
finding. The radar systemis highly nobile and effective in severe weather

and/or jammng environments. The radar uses Barker Phase Coded pulses to in-
crease range accuracy and resolution. Pulse-to-pulse frequency diversity is

used to decrease vulnerability to janmng. Figure 6a is an extended spectrum of
the TPS-43E operating on only one channel. The neasured response at 3380 MHz is
an enission fromthe radar. Figure 6b is a graphically created conposite pro-
duced by using an individual spectrum of each channel. A spectrumillustrating
actual operation of all 16 channels could not be nade because of operationa
constraints on the radar.

5. SPECTRA OF L-BAND LONG RANGE RADARS

The radars in this section are all used for long range detection (185 to 555
kilometers, or 100 to 300 nautical mles). Generally, they are used by the FAA for
air route surveillance between air traffic control areas and by the mlitary as
part of the air defense early warning system Near US. borders these radars are
usual ly cosited with a long range height-finding radar such as the FPS-90. Oten
the AF and FAA maintain joint surveillance sites (JSS) to satisfy both responsibil-
ities.

Measurement and analysis paraneters, plus additional information about the
radar spectra presented in this section, are listed in|/table 2.
ARSR-1E |(Fig. 7a).| The ARSR-IE is an FAA two dinmensional L-band (1215-

1400 MHz) air-route-surveillance radar (ARSR) with a conventional magnetron
feeding 400 kW peak power into an anplitron (crossed-field anplifier) to provide
an additional 10 dB gain. The anplitron may be swtched in or out as required

by the operator. Anplitrons are characterized by a very wde noise floor only
40-60 dB below the fundamental. In many ARSR' S, including this one, a bandpass
filter has been used to reduce the spurious sidebands outside the 1220-1380 Mz
range.

ARSR- 1E |(Fig. 7b).| This ARSR-1E does not use the 1220-1380 MHz bandpass
filter often installed with ARSR-IE' S to reduce energy radiated by the
crossed-field anplifier (anplitron) outside the frequency of operation. Above
1500 MHz, 7 dB should be added to the neasured values to correct for a mssing
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Table 2. Selected Operational and Measurenent Parameters for L-band Long-Range Radars

LT

Pulse Pulse
Operating Repetition Pulse Rise Peak Measurement
Radar Amplifier Frequency Rate Duration Time Power Bandwidth(s) Figure
Equipment Type (MHz) (pps) (us) (ns) (dBm) (kHz) Number
ARSR-1E Amplitron 1315 359 2 300 96 1000 7a
(Filtered) 124] M1 {E] [E] {c]
ARSR~-1E Amplitron 1336 350 2 300 96 1500 7b
(Unfiltered) M) [M] [E] [E] (E]
ARSR-1E Amplitron 1316 348 2 300 96 1000 8
(Filtered) M] [M] [E] [E] [G] 300
FPS-107 Klystron 1290 241 6.8 600 100 1000 9a
™) M} M) M] [6]
ARSR-3 Klystron 1268 340 2.2 150 77 3000 9b
M1 M) M] M] (6]
[M] - Measured
[E] - Estimated

[{e3] - From Government Master File



1500

1300

FREQUENCY 1IN MHZ

(=
~
[

WEO NI ¥3mMog dvay

1100

Amplitron Wth Waveguide Filter.

ARSR-1 E

a.

I'l-#'w'-#ni e re o

\
daokadan

'
.J..l._l...l..t..l..'..l..'..
'

¢
v

R L P EESTER LY

.
.
-

l

'

'
anp

.

= R

RIS LI S
: A

'
'
Lapa

'
cde-t
'
qelecte

}..
cdepeabagaana

LA -
'

.
dea
'
)
'
PR
v

1600

i
$oaen
«

L]
PP IR S
1 oo
PR ST Jup Do R P
L i

v
lnnhinﬂlnvn

1400

h
-t
«

[ .

‘
decbodocmad

'
e
1

FReauency IN MHz

1200

(=]
M
]

Wga NI ¥3Mo4 dvig

1000

Beacon and

[ nterrogator

1030/ 1090 MHz

[tered (

Unfi
)

TACANS bel ow 1120 Mz

R-IE, Anmplitron

ARS

b.

, ARSR-| E.

| | ance radar

route surve

range air

Long

7

Figure

18




calibration factor. The peaks at 1000 MHz, 1010 MHz, and 1030 MHz are from
TACAN and interrogator beacons. The responses around 1090 MHz represent
interrogator beacon replies.

ARSR-| E|(Fig. 8).| The spectrum shown here was selected from anong the
worst of the filtered anplitron ARSR-IE spectra that were neasured. Figure 8b

shows nore detail in the niddle 20 Mz of spectrum note the decrease in neasured
amplitude caused by the nore narrow 300 kHz measurenent bandwi dth.

FPS-107 |(Fig. 9a).| The FPS-107 is a two dinmensional L-band |ong-range
search radar designed for ground-controlled-intercept (GCl) applications in the

air defense system The FPS-107 uses a klystron, providing 10 MV peak power,
and a 481 kiloneter (260 nmi) range. The klystron, as illustrated here, is an
i mpressive exanple of spectrum conservation.
ARSR-3|(Fig. 9b). The ARSR-3 is a two dinensional L-band air-route-
surveillance radar with a detection range of 444 kiloneters (240 nnmi)--when operating

in the diplex mode. Its klystron output provides 5 MV peak power with 3.3 kW
average power. The radar can be operated in a non-stagger or stagger npbde with
5, 7, or 8 discrete periods about the selected average PRR. Wen neasured, the

radar was still in a developrmental stage and only one channel was operational.

6. SPECTRA OF HEI GHT- FI NDI NG RADARS

All of the radars in this section are long-range, high-power, air-transpor-
table, height-finders with a maxi mum range near 370 kilometers (200 nnmi) and a height-
finding capability of about 22,500 m (75,000 ft). They are normally collocated with an
L-band search radar of conparable range--an ARSR-1E, for exanple. The height-
finding radars operate in the 2700-2900" MHz band and in many areas contribute
substantially to the spectrum crowding in this band. The older height-finders
used conventional magnetrons, but many are being equi pped with newer coaxi al
magnet rons whenever a major overhaul is scheduled. Several exanples of conven-
tional and coaxial magnetron radars are included in this section for conparison.
The RSMS has been used to neasure radar spectra for both types of output tube
and in one case was able to neasure the same radar both before and after it was
converted from conventional to coaxial magnetron. The before-and-after neasure-
ments were made on an FPS-90, and care was taken to ensure that all neasurenent
parameters were the sane for each exanple including the neasurenent site |oca-
tion of the RSM5. Figure 10a shows the conventional magnetron radar spectrum
and figure 12a shows the coaxial magnetron spectrum for conparison. The con-

ventional nmagnetron clearly displays the characteristic “porch” just prior to
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the fundanental frequency. It should be noted that the conventional magnetron
was near the end of its reconmended operational |ife when nmeasured, and the
coaxial magnetron was neasured soon after installation. \Wen conparing the two
spectra, sone questions are raised. The coaxial magnetron spectrum seens to be
an inprovenent relative to the conventional magnetron. Wuld a new conventiona
magnetron have had an equal inprovenent, except in the “porch area?” Ws any
ot her maintenance performed which mght have caused a change in output spectra?
Above 3380 MHz the coaxial magnetron output is still measurable where the con-
ventional magnetron output has fallen bel ow the measurenent system noise |evel

A comparison of all of the S-band coaxial magnetron spectra in this section
reveal s another interesting phenomenon. The coaxial magnetrons also exhibit
a characteristic [1, 2, 1] node “hunp” centered approximately 80 Mz above the
fundanental. Wth the exception of the radar in Figure 12a (measured al nost
imediately after installation), all of the radars fail to mneet the RSEC in the
“hunp” area. This coaxial magnetron characteristic will be discussed further in
the next section.

Measurement and analysis paraneters, plus additional information about the

radar spectra presented in this section, are listed in|table 3.

FPS-90| (Fig. 10a) Conventional magnetron. The spectrum of this radar

may be conpared with the spectrum of figure 12a, which is the sane radar after
overhaul and installation of a coaxial magnetron
FPS-90 |(Fig. 1Ch).| Conventional magnetron. At the time this spectrum

was neasured, the radar was nearing its overhaul date and this conventional mag-
netron was replaced shortly afterwards by a coaxial magnetron.
FPS-90 |(Fig. 1l1a).| Conventional magnetron. This spectrum and figure IlDb

represent classic exanples of conventional magnetron spectra.

FPS-90 |(Fig. 11b) Conventional magnetron. Note that this spectrum was
measured in a 300 KHz bandwidth, and there is no correction necessary for the
RSEC at the fundanental frequency.

FPS-90 |(Fig. 12a).] Coaxial mmgnetron. This spectrum may be conpared
with figure 10a which is the sanme radar, prior to nodification, when it used a

conventional magnetron.
FPS-90 |(Fig. 12b).| Coaxial nmgnetron. To save neasurenment tinme, fewer

data points were used above 3300 MHz hence the less detailed fine structure on
the spectrum pl ot

FPS-6 |(Fig. 13a). Coaxial magnetron. The FPS-6 height-finding radar is
essentially the sane as the FPS-90 radar except for a mechanical variable-nod
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Table 3. Selected Operational and Measurement Parameters for Height-Finding Radars

Pulse Pulse
Operating Repetition Pulse Rise Peak Measurement
Radar Amplifier Frequency Rate Duration Time Power Bandwidth(s) Figure

Equipment _ Type - (MHZ) (pps) {us) (ns) (dBm) (kHz) Number

FPS-90 Conventional 2737 354 2 200 97 1000 11a
Magnetron (138 M1 IE] [E] (E]

FPS-90 Conventional 2777 278 2 200 97 300 11b
Magnetron M M) [E] [E] [G}

FPS-90 Conventional 2833 370 2 200 97 1000 10b
Magnetron M) G} [G] (E] [}

FPS-90 Conventional 2752 360 2 200 95.5 1000 10a
Magnetron M] [E] {E] [E] [E}

FPS-90 Coaxial 2752 363 2.75 300 95.5 1000 12a
Magnetron ] M} M1 ™1 [E]

FPS-6 Coaxial 2750 360 3.6 275 95.5 1000 13a
Magnetron M] M] M} M) [{]

FPS-90 Coaxial 2745 370 3 530 96 1000 13b
Magnetron M) M) [M] M} [E]

FPS~90 Coaxial 2808 354 3.15 400 96 1000 13¢
Magnetron M] M] M] M1 (E]

FPS-90 Coaxial 2787 369 3 400 96.5 3000 12b
Magnetron M] M] M) M] [G]

[M] - Measured
[E] - Estimated

[G] - From Government Master File
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feature in the elevation drive mechanism of the antenna

FPS-90|(Fig. 13b and c).| Coaxial nmmgnetrons. The FPS-90 in figure 13c is
distinctive because it exhibits an additional “hunp” centered approximtely 60 Mz
bel ow the fundamental. This characteristic of coaxial magnetrons has been

noted, to a |esser extent, on other S-band coaxial magnetrons

7. SPECTRA OF WEATHER RADARS

This section contains spectra of C-band and S-band weather radars using
both conventional and coaxial magnetrons. There are three conventional nagne-
tron spectra, one S-band and two Cband, and ten coaxial magnetron spectra in-
cluded here. Two of the coaxial spectra (Figs, 15a and b) are neasurenents of
the same radar and were included to show the spectral differences between the
long and short transmitted pulse width. Figure 17 contains extended em ssion
spectra of three different radars and illustrates the |arge amount of spectrum
containing potential interference energy. Figures 17a and d are different
radars with simlar magnetrons and were neasured across the frequency spectrum
until the received signal |evel dropped below the measurenent system noise
level. Figures 17b and 17c are the sane radar, neasured twice, illustrating the
effectiveness of a band reject filter installed to protect a selected portion of
the spectrum (5950- 6450 Mz).

An area of concern with coaxial magnetrons is the “hunp” about 100 MHz (80
Mz, S-band) above the fundanental frequency. This hunp is caused by a spurious
oscillation nmode in the' coaxial magnetron. |t should be noted that the
character of the emssion changes significantly in this area, and that the par-
ticular nmeasurenment method which was used here overenphasized the average
energy anplitude of the emssion spectra for this region. For exanple, using a
m ni mum neasurenent period of 0.5 s at each frequency, and a typical PRR of
260 pps, a neasurenment period at each frequency contained about 130 pul ses. Over
most of the frequency range each radar pul se produced about the same anmount of
energy, and it made no difference whether the peak power was measured from one
pul se or from 130 pulses. In the “hunp” region, however, there was a signifi-
cant spread in the amount of energy from pulse to pulse, often as nuch as 20 dB.
This spread was easily visible by observing the instantaneous video waveforns
before they were processed by the peak detectors. Since the neasured spectrum was
determned by the peak anplitude of the highest pulse out of the 130 pul ses at
each frequency in the “hunp” region (instead of the peak anplitude of the
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average pulse for 130 pulses), the neasurenents enphasized the occasional high
amplitude pulse. The intermttent nature of the high anplitude pulses is espe-
cially visible in the spectra of the WSR-74C. For purposes of conparison with
the rest of the spectrum it would be quite believable to suggest that the
“hump” region should be reduced by as nmuch as 10 dB. However, we do not have
any nmore specific quantitative data to support this adjustnent.

Measurement and analysis paranmeters, plus additional information about the
radar spectra presented in this section, are listed in|table 4.

WSR-57| (Fig. 14a).| Conventional magnetron. The WSR-57 is an S-band weat her
radar using a conventional magnetron with 500 kW peak power for an effective range
of 463 kiloneters (250 nm). It can be used to establish height, distance, density,
and course of a storm area.

FPS-77 |(Fig. 14b). Conventional nmagnetron. The FPS-77 is a C band weat her
radar using a conventional magnetron with 350 kW peak power for an effective range
of 370 kiloneters (200 nm). As noted with other conventional magnetrons, this
radar does not neet the RSEC in the “porch” region.

FPS-77 [(Fig. 14c).| Conventional nagnetron. This radar does not meet the
RSEC in the “porch” region.

WSR- 74S |(Fig. 15a). Coaxial magnetron. The WSR-74S is an S-band weat her
radar using a coaxial magnetron. The National Wather Service 74C and 74S series
weat her-surveillance-radars (WSR) are essentially the same except for operating
frequency. They are neteorol ogical radars generally enployed to establish cloud
hei ght, distance, density, rainfall (cmhr), and position of a storm area for
weat her observation, storm warning, hydrology, airways weather briefing, and
weat her research. This spectrum and that of Figure 15b, are from the sane
radar. They are shown together here to illustrate the differences that occur
when the transmtted pulse width is changed. This spectrum was made while the
radar operated in the 4 us (nomnal) pulse wdth node.

WBR- 74S |(Fi g. 15b).| Coaxial magnetron. This spectrum and Figure 15a, are
fromthe sanme radar. They are together here to illustrate the differences that
occur when the transmtted pulse width is changed. This spectrum was made while
the radar operated in the 1.15 us (nomnal) pulse wdth node.

WER- 74S| (Fig. 15c).| Coaxial magnetron. This spectrum clearly illustrates
the coaxial magnetron “hunp” discussed at the beginning of this section.

WER-74C|(Fig. 16a)., Coaxial magnetron. The WSR-74C is a C-band weather radar
using a coaxial magnetron. This spectrum and Figures 16b and c, show the variabil-
ity that occurs in the "hump" region, as discussed at the beginning of this section.
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Table 4. Selected Operational and Measurenment Paraneters for Wather Radars

Pulse Pulse
Operating Repetition Pulse Rise Peak Measurement
Radar Amplifier Frequency Rate Duration Time Power Bandwidth(s) Figure
Equipment Type (MHz) (pps) (us) (ns) (dBm) (kHz) Number

WSR-57 Conventional 2890 163 4.1 50 87 1000 l4a
Magnetron M} M} M} ™} [G}

FPS-77 Conventional 5545 323 2.3 30 85.5 1000 14b
Magnetron M1 [M] M] M] [G}

FPS-77 Conventional 5637 324 2.1 50 85.5 1000 1l4¢c
Magnetron M] [M] {E] [E] [E]

WSR-74S Coaxial 2890 259 4.3 300 84 1000 15a
Magnetron [M] [E] M} [M] [E}

WSR-74S Coaxial 2890 259 1.15 500 84 1000 15b
Magnetron M1 [E] [E] [E] [E]

WSR-74S Coaxial 2848 259 4.3 150 84 1000 15¢
Magnetron [M] [E] [M] [E] [E]}

WSR-74C Coaxial 5623 259 3.3 36 84 1000 16a
Magnetron [M] [M] M] M) [E]

WSR-74C Coaxial 5622 259 3.3 30 84 1000 16b
Magnetron M] [E] M] M} [E)

WSR-74C Coaxial 5608 259 3.3 33 84 1000 16c
Magnetron [M] [E] [M] M} [E]

WSR-74C Coaxial 5627 299 3.25 50 84 1000 17a
Magnetron M) M] M] M) [G}

WSR-74C Coaxial 5629 259 3.3 40 84 1000 17b
Magnetron M] [E] [E] [E] [E]

WSR-74C Coaxial 5627 259 3.3 40 84 1000 17¢
Magnetron ] [E] [E] [E] (E]

WR100-2/77 Coaxial 5570 254 2.1 40 84 1000 174
Magnetron M] [M] M] M] M}

M - MVEasur ed
[ E] - Esti mat ed
(4
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The radars had all been recently installed and are presumed to have been identica
inall respects.

WBR- 74C|(Figs. 16b and c).| Coaxial magnetrons. A neasurenent error (fig. 16c)
occurred at 5732 MHz causing the 5 Mz wide peak in that region

WER-74C |(Fig. 17a).| Coaxial magnetron. This extended radar spectrum of a
C-band weather radar was continued until the received signal |evel dropped bel ow

the neasurement system noise |evel

WBR- 74C |(Fig. 17b).| Coaxial magnetron. This figure and figure 17C, followi ng,
illustrate the same radar neasured with (figure 17b) and without (figure 17c) a
band reject filter at 6200 MHz.

WBR-74C |(Fig. 17c). Coaxial magnetron. A feature of this spectrumis the
attenuation of the radar emssion over 5950-6450 MHz, resulting from use of a
special filter designed to protect a local nicrowave link. Conparing this
spectrum with Figure 17b illustrates the effectiveness of using filters to protect

col located users of the frequency spectrum

WR100- 2/ 77 |(Figure 17d).| Coaxial nagnetron. This Cband weather radar
is operated by a local television station, and is described by the manufacturer
as being essentially the same as a WSR-74C.  The extended spectrum was made in

full cooperation with the television station personnel and spectrum data collec-
tion was continued until the signal level fell below the measurenent system
noi se | evel

8. CONCLUSI ONS

Different types of radar output tubes vary markedly in the amount of spec-
trum they “consune” in normal operation. In many cases, nuch nmore spectrumis
used than is needed for proper radar operation. The extra spectrumis con-
sumed by spurious sidebands produced by radar output tube operation. The anpli-
trons and twystrons are particularly “dirty” and generally do not meet the RSEC
limts used in this report. On the other hand, they can produce high-powver,
frequency-agile outputs with high efficiency in a small package. Bandpass fil-
ters can be used to reduce out-of-band enissions, but this could hanmper frequen-
cy agility in some operations.

Klystrons produce very clean spectra. \Wen klystrons are conbined with
narrowband diplexers, the spectra are inproved even nore. The rapid fall-off
and the deep suppression of sidebands make it possible to site radars closer
together in frequency and space than would be possible with other types of out-
put tubes. Klystrons, however, are large and expensive and possibly best suited
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to fixed installations.

The conventional magnetron is small and cheap, and is extensively used in
many types of equipnent. There is a wide range of spectra produced by con-
ventional magnetrons, conpare the spectra of Figure 2a and 2b, for exanple
This may be because conventional magnetrons are subject to wide variations in
equi pment design and operational maintenance. \Wen the conventional magnetron
is conmbined with narrowband filters or diplexers, as in the GPN-20, excellent
spectrum characteristics are possible.

The coaxial magnetron produces a cleaner spectrum (near center frequency)
than the conventional magnetron, conpletely elininating the “porch” which is present
with conventional nagnetrons. Farther away in frequency, however, the inprovement
is not particularly noticeable. A “hunp” about 100 MHz above the fundanental fre-
quency is present in many coaxial magnetron spectra. \hether the [1, 2, 1] node
“hunp” of a coaxial magnetron spectrum is nore objectionable than the frequency
pul ling “porch” (produced by conventional nagnetrons) is a matter of question.

The spectrum used by various conbinations of output tubes and bandpass
filters is one factor in determning how nuch value is gained from the spectrum
allocated to radar. Many factors besides the level of unnecessary sidebands
must obviously be included in the choice of radar output tubes. However, the
di fference between the ambunt of spectra used by various tube types is very sub-
stantial and nust not be totally ignored. A mjority of the frequency spectrum
allocated to radar is currently filled by unnecessary spurious sidebands produced
by dirty radar output tube technology. The wi despread use of cleaner output tube
t echnol ogy would provide room for many nore radars in existing bands
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APPENDI X:  RADAR SPECTRUM ENG NEERI NG CRITERIA (RSEC) CALCULATI ONS

The RSEC to be applied to each radar spectrumis defined in section 5.3 of
the NTIA Manual of Regulations and Procedures for Federal Radio Frequency Managenent.
Several radar parameters--operating frequency, peak power, transmitting pulse
shape, type of radar, and procurenment or overhaul date--determne the RSEC emi s-
sion bandwi dth and levels to be applied to the radar spectra. Based on these
parameters, some of the radars presented in this report were in a different RSEC
category at the tine the neasurenments were made; however, for purposes of tech-
nical conparability, the sane RSEC is applied to all of the spectra. The cri-
teria we selected do apply to non-FM pul se radars having a rated peak power of
more than one kilowatt and operating at less than 40 GHz, and do properly
apply to many of the radars included in this report.

The RSEC is concerned with the difference between spectral energy neasured
at f,and at sideband frequencies. As long as the neasurenent system is hand-
ling the spectral energy at f,and at sideband frequencies identically, the RSEC
may be conpared directly to the neasurements. As noted before, Figure 5 for
exanple, the RSEC linmt often starts several decibels above the peak response of
the radar. This difference is caused by a correction factor that nust be added
when the spectrumis neasured with a bandwidth larger than |/t, where t is the
pul se width of the radar being measured. For neasurement bandwi dths greater
than |/t, but smaller than I/t , where t, is the radar pulse rise tinme, the
nmeasur enent system responds accurately to the enmission at f_but sees an inpul se
at sideband frequencies. As bandwidth, B, is increased, the neasured value of
signal at f_will remain constant while the signal at sideband frequencies wll
increase at a 20 log B rate. For neasurenent bandwi dths less than |/t, the
si deband spectra fall below system noise. For measurenent bandw dths outside
the range between |/t and I/t, no correction is necessary. However, use of
nmeasur enent bandwi dths greater than |/t offer advantages in neasurenent system
sensitivity in the sideband areas of the radar and allow accurate measure-
ment of received radar peak power and pul se width.

For a measurenent bandwi dth between |/t and I/t,, the correction factor may
be conputed from some well-known relationships between inpulse bandwi dth and
peak response.

From t he RSEC
P, =P+ 20 log (Nt) + 10 log (PRR) - PG -90 (1)

t
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wher e, P = peak transnitted power (dBm
t = enmtted pulse duration (us)

PRR = pulse repetition rate (pulses per second)
P, = maxi mum spectral |evel (dBm kHz)

PG = processing gain (dB)

N = total nunber of chips (subpulses) contained

in the pul se.

assumng that the processing gain is O and the nunmber of chips is 1 (for
radars in this report) we can convert to:

P.= P+ 20 logt + 10 log (PRR) - 90 (2)
If t is expressed in s instead of usand P is expressed in dBmHz instead of
dBm kHz, this becones:
P.= P+20logt+ 10 log (PRR).

t

Converting from dBmto absolute units gives:
P= P.x t’x PRR (3)

where Pis in mNHz, P is transmitted power in mMN t is pulse width in s, and
PRR is in pul ses/s. "

Anot her equation relates inpulse bandw dth and system responses to P, at a
frequency in the sidebands of the radar:

X b, = p xl/b X PRR

wher e bPis the power bandw dth of the system Py is the peak response from an
inpul se, and b,is the inpulse bandw dth.
This can be solved to give:

P, = I/b,x /b, X p X PRR (4)

Equati ons (3)and (4)can be conbi ned by assuming that the P is equal for
measurenents made at f,and the sidebands, then conparing the value of P, and
pP. From(3) and(4):
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PxPRR*x t*x 1/PRR = 1/b,x 1/b, xp, x PRR

si mplifying: Px t° = I/bx1/h xP,

P/ P~ t'xb,xb,. (5)

The above cal cul ations assune that the nmeasurements are made with a band-
width larger than I/t , so that the neasured value for pP is actually the peak
power of the radar. They also assune that the neasurement bandwidth is less than
1/t,, because equation (4) assumes that the signal |ooks inpulsive in the mea-
surement bandpass. These equations work for the asynptotic cases; they give no
correct answers when near f_ or when using bandwi dths near |/t. Careful cal-
ibration of the RSM5 has not been perfornmed to determine the exact power band-
width b and inpul se bandwidth b for the neasurements. However, a general rule
of thunb lets us say that b = 1.25 b,.

From Tabl e 4, measured values for the WSR-57 radar were: t = 4.1 us;

t =50ns. Then I/t = 244 kHz and |/t,= 20 MHz, and for a measurenent band-

r
wi dth, bP = 1 Miz, the above equation (5) for p/p,applies.

P/P, = (4.1x 10°)x 1 x 10°x 1.25 x 10°

21 correction factor
13 dB correction

This nmeans that the power at the sidebands (p,) is being neasured 13 dB too
hi gh, conpared to the value measured at the fundamental (P).

This correction could have been applied by either: a) drawing a dashed
line 13 dB below the neasured sideband spectra and using the dashed |ine values
to conpare with the RSEC for sideband suppression below the peak value, or b)
adding 13 dB to the peak value at the fundanmental frequency and start the RSEC
conparison 13 dB above the fundanental frequency. The latter method was chosen
because of the sinpler graphical procedure involved

The current RSEC stipulates that the emission levels at the antenna input
nust be at least 40 dB bel ow the maxi mum value (enmission level at the fundamen-
tal frequency, f) at frequencies fg+ or - 1/2 B,, and at frequencies, f, dis-
placed by nore than 1/2 B_40 dB fromf, ,the suppression (dB) shall be at |east
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where B = enmission bandwidth in Miz. This latter suppression is to continue
until the ultimate value of 60 dB or P,+ 30, whichever is the larger value, is

attai ned, where p, may be nmeasured or calculated from
Py = Pp + 20 log (Nt) + 10 log (PRR) - PG -90.

Using the sane WSR-57 as an exanple, the allowable enission bandwi dth at 40
dB below the level at the fundamental frequency is:

7.6

B(_40 dB) = — , or 64/t
r
whichever is less.
_ 7.6 _
B(_40 dB) - 7 = 16.8 MHz

4.1 x 10°° x .05 x 107°
B(_4o agy = 64/t = 15.6 Miz

Thus, at fg4 or - 7.8 Mz, the em ssion level nust be at |east 40 dB bel ow the
peak |evel (peak received signal plus 13 dB correction).
The roll-off fromthe -40 dB points nust be at the 20 dB per decade rate,
so that at the required |level of 60 dB below the peak, the bandwidth is
60-40
B = B 10 20
(-60 dB) ~ “(-40 dB) * = 156 MHz.
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