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FOREWORD - .~ ~

C-Band instrumentation redars are & major factor in range instrumentation
today. The ranges AMR, PMR, WSMR, and APGC each has AN/FPS-16 radars aund

PMR has also AN?MPS-% (XN-1) radars. In addition, NASA has FPS-16's at
Langley Field {Wellops Islend) and Bermuda; the U. S. Army has them at Ft.
Huachuca Proving Ground, Arizona and the United Kingdom has them at Woomera,
Australia. Plans for the future call for the production of additiomal FPS-16s,
some of which will be trailer mounted versions and some for ship mounting.
Plans also call for various modification kits to capitalize on the growth
potential of the FPS-16 radars.

These system standards are.an "IRIG Recommendation" primarily for the pur-
pose of establishing and preserving competibility between C-Band range
instrumentation radars* and C-Band instrumentation beacons* of the present
and the foreseeamble future. In this document "C-Band" means the range
5,400 to 5,900 me/sec. (5.1 to 5.6 cm). '

The second purpose of this document is to make available, in condensed form,
date on ‘the nominel chsracteristics of C-Band instrumentation radars AN/FP3-16
and AN/MP3-26 (XN-1).%¥ fThe third purpose is to list some potential improve-
ments for these radars, some of which improvements are necessary for optimum
operations with beacons. The fourth purpose is to list in brief the principel
modern C-Band beacons. The final purpose is to provide a bibliography.

The goals are to have all C-Band instrumentation radars so that any test
range utilizing such radars can accommodate any beacon that meets these
standards and to bave all C-Band bemcons meet these standards. It is not
the aim of these standards to require all beacons to use the same pulse
coding system and the same 3pot frequencies but rather to establish an
envelope of codes and an envelope of frequencies that all test ranges can
cover completely. In this way the aims can be met and yet the interference-
free traffic capacity will be larger than if only one system of codes and
spot frequencies were used.

The standards are not intended to limit the development of radar and
beacon improvements. This is particularly so in the future area of
extremely long range beacon tracking, where entirely different techniques
mey become pecessary. It is intended that such new developments be
coordineted through all users of these radars, and new standards issued

accordingly.
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*Where the term RADAR is used without qualifieation, pulse radsr ib meent.
Herein, a BEACON is a pulse radar transponder, a pulse radar responder.

For additional det'initions, see Appendix A. The best genersl reference on
Instrumentation Radars is "Final Repori, Instrumentation Redar AN/FPS-16

(XN-2" by RCA. The best general reference on redar beacons .is Vol. 3 of

MIT Rediation Leboratory series, titled "Radar Beacons", edited by A. Roberts,
published by McGraw-Hill, 1947. For referencessee Appendix D of these standards.
¥#The guffix (X--) indicates "Experimental Model", It should be noted that there
were three experimental models of AN/FPS-16. These were (XN-1) with an X-Band
Transmitter and a lens antenna, (XN-1) with a C-Bend transmitter and reflector,
and {XN-2), the production prototype. The trailer mounted wversion of the
AN/FPS-16 probably will be named AN/MPS-25.
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These standards are based on the known characteristics of existing instru-
mentation radars AN/FPS~16 and AN/MPS-26 (XN-1) and on the assumption that
certain necegsary additions and modifications to the radars will be made
(and that future AN/FPS-16 and AN/MPS-26 type radars will incorporate these
new features). The manufacturers of these radars reviewed a draft version
of these standards and their comments were taken into account.

These standards have been made to accommodate {(with a few unavoildable minor
exceptions) existing U. §. Army short-range beacons AN/DPN-42 and AN/DPN-31
and the medium range beacon AN/DPN-48. The U. S. Army long-range beacon
AN/DP¥-50 (under development. by Stromberg-Carlson) Is expected to meet these
standards completely except for the minor point that the beacon will be made
so that it triggers ou the trailing rather than the leading edge of the
triggering pulse, -See Part III, Note (25).

The U. 8. Alr Force long-rangé beacon AN/DPN-54 (under development by
Motorola) differs from the above-mentioned beacons principally in the use
of longer pulses, wider pulse spacings, fewer pulses, and in the method of
pulse modulation for command control. These differences are principally
for the purpose of increasing range by increasing pulse durdtion (thereby
increasing piilse’’energy) and by decreasing bandwidth (thereby increasing
sensitivity, but decreasing information capacity). Although these are
significant differences, this beacon is expected to meet these standards
completely.

All of the above beacons are designed primarily for one-shot use In missiles
rather than for use in aircraft.

The U. S. Navy long-range beacon (BUAER Preliminary Specification XAV-28)
is under development (by Canoga). It is expected that this beacon will
meet these standards and that it will be similar to AN/DPN-50 or AN/DPN-54
(except that it will be primarily for aircraft instead of primarily for
missiles and it may have interchangeable RF Heads téo cover S and X Bands
in addition to C-Band).

These standards have baen made to accommodate the existing C-Band instru-
mentation radars (as originally manufactured) to the greatest practical
degree * However, the radars alone ate not completely compatible with

all existing beacohs nor with the current state of the beacon art. Where
there was a conflict, the standards were based on the philosophy that any
necessary complexity should not be in the beacon 1f it iIs possible to put
the complexity in the radar instead. For one example, it is expected that
the frequency stability of a radar's tunable magnetron may be such that

it will be necegsary to add an aatomatic frequency control in order to stay
within a practical beacon's pass~band. TFor another example, it is known
that, because of unavoidable modulator pulse transformer limitations, the
AN/FPS-16 radars will not be able to space the fifth 0.25 microsecond pulse
as close as the desired.-1l microsecond after the fourth pulse (and none

*These standards do not cover AFMIC Mod-IIT C-Band Instrumentation Radars
since they are no longer in use at the IRIG. ranges. It ig recommended
that present users of these radars modify them (if necessary) to meet the
standards sd that they will be able to use beacons designed to meet these
. standards.




of the pulses can be spaced as close as the design goal of "0.50 microsecond) .
1t 1s expected that, for the same reason, the 0.25 microsecond pulses may not
have the desired shape and pulse-to-pulse frequency stability. Therefore, it
is expected that it will be necessary to improve the modulator of the tunable
magnetron. This improvement probably will be possible by removing the 1 to 1
pulse transformer and replacing it with a direct drive circuit or by developing
an improved transformer. If the tunable power of a radar is increased by
adding e modification kit, the above improvements must be incorporated in the
kit. ,

These standerds do not cover the pulse-modulation aspects of radar/beacon
type command-control systems except to specify the maximum number of pulses
and the time modulation limits. In other words, these standards do not
specify the frequency and wave shape of pulse modulation control signsls. At
some later date the standards may be amended to include these items. Mean-
while, plans to use radar/beacon commend systems should be coordinated with
the test range or ranges involved. It iz however, a recommendation of these
standards that future beacons have the command control equipment in a separate
removable unit to minimize the size of the begcon when used for applications
not requiring command-control. It is therefore recommended that the only
command-control output of the beacon be the required video pulses. In this
way the same beacon could be used in systems uwiillzing different kinda of

modulating signals.

The present C-Band Radars, as delivered, are not equipped with Multiple-
Trigger Generators (Encoders) for using coded beacons; so fer as is known, a
trigger generator that meets these standards has never besen developed.
Therefore these standards will also serve as a guide for the development of
such devices.

These standards do not cover the format of the real-time digital date of
the radars. At some future date, IRIG may publish a standard to facilitete
real-time exchange of data between the ranges.

Additional copies of these standards may be obtained from IRIG Secretary,
White Bands Missile Range, New Mexico; {or from the Armed Services Techni- -
cal Information Agency, Document Service Center, Arlington 12, Virginia).

For detailed specifications on beacons refer to Inter-Range Instrumentation
Group "Rlectronic Trajectory Systems Catalog", Vols. II, IIA and IIB.
Velume IIB ie classified CORFIDENTIAL. These volumes may be obtained from
the TRIC Secretariat, White Sands Missile Rauge, New Mexico, {or through
ABTIA when the originel printing is exhausted)}. Volume I and Volume IA

of this catalog will cover Electronic Systems for measuring trajectories
and will include some data on instrumentation radars. This volume should
be availeble early in 1960. The final volume will cover electronic miss-
distance messuring systems. Availsbility of this volume ias indefinite.
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Errors found in these System Standards (or suggestions for improving
future issues) should be drought to the attention of JRIG Secretariat,
White Sands Missile Range, New Mexico, for relay to the proper person.

Following the original printing of this document, the Deprriment of
Defense indorsed the objectives and intent of 106=59 and addressed a
memorsndum to the Assistant Secretaries of the Army, Navy, and Air Force
which is quoted in part as follows:

"It is requested that you insure that these stendards are
adhered to by all agencies concerned with the development and
degsign of C=Band instrumentation radars and beacons to be em-
ployed by the Ranges or by vehicles to be tested on the Ranges,
As new developments esnd techniques beccome availsble, it is re~
quested that the Ranges and Renge Users take cognizsasnce of that
fact. and insure that the standards are eppropristely modified to
insure continuing compatibility between ground and eirborne
equipment and between the several Ranges."

1. This document will be reviewed for revision one year after date
of publication,

2. Permission to publish date on system characteristics of AN/FPS-16
and AN/MPS-26 (XN-1) radars was granted by BUAER letter
Aer-AV-4322/51, of 6 May 1959, to PMR.
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INTRODUCTION

These System Standards are presented in two major parts. Part I is for
the radar-to-beacon link (the "interrogation" link). Part II is for the
beacon-to-radar link (the "response" link). Each part is divided into

topics, such as "Frequency Range'". Under each topic, both the radar and
the beacon are treated; with the transmitter being treated first and the

receiver next, In some instances, explanatory remarks are included in
Part III in the form of numbered £ootnotes.

In addition to the basic System Standards, appendices are included.
Appendix A lists data on the nominal characteriatics of AN/FPS-16 and
AN/MPS-26(XN-1) radars as they were originally produced. Some planned
future modifications of the radars are mentioned in the footnotes of this
appendix, Appendix B lists recommended and potential modifications to
the radars. Aggenaix C lists miscellaneous recommendations concerning

beacon systems. Appendix D 1s a list of references and Appendix E describes
briefly some typical modern C-Band beacons.

Herein, references to the page numbers of this document will be found
-only in the Table of Contents. All other similar numbers referred to

in the body of this publication apply to items, sections, or paragraphs
and not to page numbera.

This document has been configured so that it can be filed with the loose-
leaf sheets of the AN/FPS~16 Instruction Manual.

Note: Within the limits of authority of this document, "shall' items are

"mandatory" items, and '"should" items are "strongly recommended™
items.




PART T el

INTERROGATION LTINK
(Radars to Beacon)

1.1 FREQUENCY RancE:(})

A. Radar's Transmitter: Shall be tunable to any frequency within
5,400 Eb”5 900 mc/sec. (mc/s means "million cycles per second'"; sometimes
vritten "meps', or even "mes" for short.)

3. Beacon's Receiver: Shall be tunable to any frequency within
5,400 to 5,900 mc/sec. : : -

1.2. TFREQUENCY INACCURACY (ABSOLUTE):(#)(1)

A. Radar's Transmitter: Shall-hold 12.0 mc/sec or less at all : -
times (any and all pulses}).

B. Beacon's Receiver: Shall hold #2.0 wmc/sec or less at all times.

1.3 TREQUENCY JITTER:

A, The pulses of a single lnterrogating pulse-group shall not dlffer
in frequency by more than 0.2 mc/sec, -

1.4  FREQUENCY OFFSET:

A. 1t is not requlred that the radar's transmitter operate on a o
frequ_ncy less than 25 m¢/gec away from the receiving frequency of the
radar's beacon receiver.(3). -
L.5  FREQUERCY SPECTRUM:

A. Radar's Transmitter: The RF pulse spectrum shall not be wider,
between -6 db points, than 2, O/pulse width. For example, for 0.25 !
pulses, the width shall not exceed 8 mc/sec.

B. DBeacon's Receiver: See 1.10 (RF Bandwidth).

1.6 LOCAL OSCILLATCR FREQUENCY:

A, The beacon's L.0Q. normally should be lower in frequency than the
radar's transmitter frequency. It is desirable that the L.0. be capable
of operating on either side_of the_ radar's frequency. For crystal-video
breacons, ipnore all_ references to beacon's L.0.

= e mm wd o e ey o e aw o e me me ERTT e AR e s me B wm W ma W W we WE dm e ew mE W e W

(l)For footnotes, see PART TII.



1,7 INTERFERENCE RADIATION:

A. Both the trensmitter and the recelver shall meet the latest lesue
of Military Specifications MIL-I-006181 and MIL-E-16400 (SHIPS), as appli-
cable, except as specified herein. ) '

B. Radiated power at frequencies outside of 5,400 to 5,900 mc/sec
should be at least 60.db less than the C-Band fundamental, except for the
theoretically expected. harmonics of the C-Band R.F. pulse.

C. loesl Oscillator C-W energy delivered to the antenna should be .
less than -10 dbm,

1.8, TMAGE FREQUENCY REJECTION:

A. The beacon's receiver should have at least 60 db of image fre~
guency rejection.(s)

1.9.  INTERFERENCE SUSCEPTIBILITY:

A. The bescon's receiver. {exclusive of eny decoder) should have at
least 60 db oFf Tejection of CW or pulse signals at frequencies outside of
5,400 to 5,900 me/sec, excépt as qu?%§fied,by the theoretical receiver .
pass~band specified in 1.10 herein.

1.10. RANDWIDTH: (17)

A. Radar's Transmitter: See 1.5 (Frequency Spectrum).

B. Deacon's Receiver: (a). It usually is not practical to use
signal-actuated AFC in s beacon's recelver (especially go for chain-ragar
operations). Therefore, the RF pass-band of the receiver must be wide
enough to accommodate not only all the desired side frequencies of the
R.F. pulse spectrum, but also the frequency error of the radar's trans-
mitter plus the frequency error of the beacon's receiver plus any doppler
frequency shift (which usually 1z negligible). (b). BSince a beacon
triggers somewhere on the leading edge ©f a video pulse and since &
variation in the triggering point produces an error in the measurement of
range, 8 very rapld rise of the video pulse is highly desirable. This
requires & wlde video pass-band and a correspondingly wide RF. pass-
band., PFor a video rise time Ry, the video pass-band must be et least
(0.35/Ry) cycles/sec. wide at the -3 db points %?d ?hi RF psss-bapd must
be about twice that, or (0.70/Ry) cycles/sec. ( /3 7'.7 Therefore, for
a rise time of 0.05 ms (about 10 yards), the RF bandwith must be 1k
me/sec. Ta this must be added the radar's transmitter frequency error
of * 2 me/sec. (See 1.2.) and the beacon's receiver frequency error of
+ 2 me/gec. {See 1.2.}. This results in a beacon receiver RF pass-
vand requirement of 22 me/sec. between -3 db points. For a beacon




having lower renge azccouracy requirements, # narrower pass-bund is suitable,
but the frequency errors set a lower limit. (c) Recommended compromise
bandwidths for an average beaccu are 15 mc,sec. for the RF and st least
3.5 me/sec. for the video. Sé,dider video pess-band, such as 7 mc/sec, or
more, is highly desirable. ( For maximum rejection of noise and
interfering signals, the XF pass-band should have steep skirts. However,
the steeper the. skirts, the longer the pulse rise. time, the greater the
pulse overshoot, ahd the greater the receiver complexity. Therefore, the
RF pass-band skirts ordinzrily should be optimum for the gain times band- .
width reguired end additionzl selectivity shculd be obtuined by multiple-
pulse interrogation‘coding. However, it is recomrended that the beacon's
recelver RF pass~band be no wider thsn 60 mc/sec between the -60 db
points. BSee note (17) regardlng "Pulse Bandwidth". The pEss-ddnd shduld
be symmetrical,

1,11 RF CHANNELS:

A, Radar's Transmitier: A tunable transmitter is highly de-
sirable for all beacon operations and is mandatory for chain«radar beacon
operations. The presently available tunable magnetrons cover only 5,450
to 5,825 me/sec. and the present high-power fixed tune magnetrons (for

skin-tracking) are at 5,480 me/sec. £ 30 mc/sec, Tuerefore; until high-
pover tunable transmitters that cover the waole 5,400 to 5,900 mc/sec.
band are availzable, skin-tracking-only radars should be within 5,450 to
5,510 me/sec. and bescon-trzelding raders within 5,510 to 5,825 me/sec.
It is recommended that fregquency assigmments for beacon-tracking radar
trensmitters normally be spaced about 8C mc/sec. (except, of course,
radars of a given chaln must 2ll be on the same freéguency).

B. Peacon's Receiver: The beacon's receiver must be tuned to the
freguency assigned to the radar's transmitter; it is recommended that the .
L.0. ordinarily be set below the radar's frequency. For minimum rise-
time jitter and for meximum image rejection, & high IF should be used. An
IF of at least 60 me/sec. is recommended. If en adequate pre-selector
cannot be provided, the RF channel assigmments should be such that no
radar frequency is near the image freguency of = beacon.

C. Two-Way Channels: See PART IT: 2.11.

1.12. POLARIZATION:

A. Radar: It is desirable for the radzsr to have.pushbutton
selection of four polarizaticns: Linezr Horizontzl, Linear '"Verticzal",
Right-Cireular, and Left-Circular. If only one lindar polarization is
evailable, the electric-wector shall be linearly polarized with "vertical"
orientation. 9) If only one sense of circulaf Bglarization is available,
it shall be Right-Handed, by IRE definition. A roteting linear polariza-
tion such as is produced by a rotating dipole shall not be used.




B. Beacon: Polariza.ﬁon shall be optimum for the radar polarization
Mtg)mfﬁ'ﬁmr(ﬂi polarization should be linear snd "verticel", or circu-
lap, 7 i1

1.13. ARTENNA PATTERN:

A. Badar; Transmitting: Beacons do not require any special radar
antenna pattern characteristics; however, side lobes should be as small as
possible. Bee 2.13B.

B. BeaconjReceiving: The beacon antenna problem usually is an ex-
tremely difficult one because of the wide variation in viewing aspect that
i3 required, This variation produces changes in the received signal
strength through changes in the absolute gain end thru crossepolarizetion.,
In view of the fact that a null or loss of only 6 db cuts the maximum bea-
con range in half, the beacon antenns system often is the critical element
in s redar/veacon system.

1,14, RF PULSE DURATION: The radar's RE pulse (envelope) duration, be~
Tween -3 db points {(50% peak power points), shall be (selectable by push-
button): 0.25 us * 20% or 1.00 us £ 104, An additional value of 0,50 us
+ 10% 1s highly desirable., Herein, "pesk" power is "smooth peak” as de~
fined by paragraph %,.16.3.3 of MIL-B-lc.

1.15. RF PULSE RISE AND FALL: The radar's RF, pulse (envelope) rise
time, from ~10 db to =0.5 db (10% to 90% Peak Power) shall not exceed 0.05
M8, The fall time fyom -0.5 db to -10 db shall not exceed 0.15 us, and
preferably should be 0.10 us or less.

1,16. RP PULSE JITTER: The wradar's RF. pulse (envelope) must not bave
1eading edge jitter exceeding + 0,01 us with respect to the pretrigeer,

1.17. RF PULSE TOP: A radar's RF pulse (envelope) between the outer
-1.,0 db points (&0% peak power points:g, ghall at no point deviate more
than 0.5 db from the "smooth curve" defined by paragraph 4.16.3.3 of MIL-
E-lﬂ.

1.18. RF PULSE GROUPING: For interrogation coding and command-control
purpoges, the radar shall be capable of transmitting pulse groups as
follows (herein, pulse spacing is between leading -3 db points):

A. 0.25 us pulses: Up to 5 pulses, spaced 1.00 us, or more.(l‘?)
B. 1.00 us pulses: One pulse.
It is highly desirable that the radars alsc be capable of the following
(at reduced duty ratios if necessary):

C. 0.50 us pulses: Up to 3 pulses, spaced 1.5 us, or more.(13)
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D. .00 us pulses: Up to 2 pulses, spaced 3.0 us, or more.(lu)

1.19, PEAK POWER DIFFERENCE: The peak power difference between any tvwo
rulses of a pulse group shall not exceed 1 db.

1.20, PULSE GROUP REPETITION FREQUENCY (GRF):

A. A radar's GRF shall fall within the range 100 groups/scc. to
1,800 groups/sec.

B. In 2 chain radar operation it is sometimes desired to use up to
five radars interrogating the bezcon in time sequence. Therefore, the
effective GRF at the beacon can be up to five times that of one of the
radars.

1.21. RECOVERY TIME: For high performance beacons with interrogation
coding, the beacon's receiver shall recover to within 1 db of normal sensi-
tivity within:

A. 1 us after any single pulse and
B. 10 us after the last pulse of the beacon's reply.
C. See 1.20 above and also PART IT, 2.21, 2.22 and 2.23.

1.22. PBIANKING GATE: For meximum beacon availebility end for minmiman
under-povered or off-frequency replies, the bescon'’s receiver should ine
corporste a blanking (disabling) gate that extends from just shead of the
first pulse of the beacon's reply to the end of the beacon's reccovery
period following the last pulse of the reply. This is to prevent trigger-
ing before the beacon's modulator has recovered fully,

1.23. DUTY RATIO: The redar's transmitier should have as high a duty
ratic as prectical and shall have a duty ratio capability no less than
£.0010.

1.2hk. PULSE CQDES; Qeneral:

4. PRudar and Beacon: Within these system stendards, all pulse
spacings or pulse time specifications are for the liad%ng -3 db points of
radio frequency pulses, unless otherwise specified.

B. Redar: TFor pulse coding, a radar shall transmit iwo, or more,
equal duratlon RF pulses in a group. Ome of these pulses will trigger
the beacon. This "Triggering Pulse" will (except @s it may be advanced
in time to compensate for the Beacon's Reply Delay) be the equivalent of
the normsl single pulse of the radar in the skin-tracking mode. One or
more of the other pulses will, with the Triggering Pulse, form an "In-
terrogation Code". One or more of still other pulses of the group, time




modulated with respect to the Triggering Pulse, (or modulated on and off),
will serve for transmitting control cormmands via the beacon. These modu~
lated pulses, with the Triggering Pulse, are called the "Control Code". 1In
some instances the pulses that form the Interrogetion Code may also be time
modulated with respect to the Triggering Pulse to serve the command-control
Tunction in addition to forming the Interrogation Code. This type of code
is called a "Combination Code”, The total pulse group 1g called B?&%f 8
Code"., The Triggering Pulse is also called "Beacon Ranging Pulse".

C. Beacon: The beacon will receive the Interrogation Code pulses
and (if the pulse spacings are correct) the Triggering Pulse will trigger
the beacon's transmitter through a fixed delay line. The beacon should
also deliver, for command control purposes, video pulses corresponding to
the Triggering Pulse and the modulated pulses of the Control Code.

1.25. . INTERROGATION CODES:

A. Radar: The Interrogation Code shall consist of either 2 or 3
fixed RF, pulses, the last of which is the Triggering Pulse; two-pulse
codes shall be used only for minimum-performance beacons. These pulses
shall meet the following:

a. A pulse shall not be more than 9.50 us (and Eg?uld not be
more than 6. Oolus) before the Triggering Pulse. (

b. Any two pulses shall not be closzer together then the
minimm values glven in 1.18. : : .

¢, The RF. pulse timing, with respect to the Triggering
Pulse, shall have an absolute inaccuracy (including jitter)
of not more than * 0.05 us at all times,

d. VWhen three pulses are used, the two spacings preferably
should be unegqual and it 1is preferable that one spacing not
be an integral multiple of the other.

e. Bach nominal spacing shall be the sum of quante of ex-
actly 1/10 us, starting st zero. For example, a spacing of
1.30 us 1s admissible but 1.25/n3 is not.-

f. The different codes in use on the same frequency at one
time should be suffliciently different for the bea?gn to re-
Ject all except the one for which 1t is adjusted.

g. A pulse of the.Interrogation Code shall be no closer to
another pulse (including Control Code pulses) than the
minimum values steted in 1.18. Thils applies to a command-
control pulse when it is in the position of its peak time
deviation under modulation.
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B. Beacon: The beacon's interrogation decoder:

e. Should be of the delay-line type (rather than & multivibrator
type} to reduce susceptidility to blocking by interference, To reduce suse
ceptibility to blocking or to false interrogetions, the decoder should be of
the non-reflecting, or matched losd delay-line type.

b. Should be adjustzble to accept single pulse interrogations
and (in the case of = 3-pulse decoder) should be adjustable to receive 2a
pulse interrogations.

¢. Should be adjustadle to cover a family of several different
interrogation codes. It is suggested that there be at least 4 different
codes and prefersbly several times that many.

d. Shall have acceptance slots and rejection zones such that -
the beacon accepts the codes (for which it is adjusted) at least 99% of
the time 2nd rejects 2ll other codes of that family of codes at lesst o9%
of the time. Thic 15 for the beacon's rated range of imput signal strengths
and for the permitted tolerances of the radar's pulses.

e. Shell reject single pulses of any length (except vwhen in-
tentionally disabled) and shall reject CW signals, including AM, FM, and
swept frequency signals,

f. ©Shall have 1lts delay-lines adjusted so that the beacon al-
waeys triggers on the leading edge of the Triggering Pulse (which is the
last pulse of the Interrogation Code) rather than on the leading edge of
one of the othér pulses as delayed by a decoder delay-line, In other
words, for a 3-pulse code, the first pulse should be delayed to coincide
‘exactly with the second pulse but the resulting 1-2 coincidence pulse
should be delayed so that ite center coincides with the les dlng edge
{rather than the center) of the third pulse.

g, Should have one or more families of 3-pulse interroga-
tion codes that are forted by keeping two pulses fixed and moving the
other pulse. This will meke it easier for the radar to instantly shift
from one code to snother of that family {merely by moving one pulse).

h. Preferably should reject pulses more than twice as long,
or less than half as long, as the rated interrogation pulse width.

1.26. CONTROL CODES:

A. Radar: In addition to the pulses of the Interrogation Code,
one {or two) additional pulses mry be used for command-control only.
These pulses may be placed before or after the Interrogation Code
pulse group. These modulated Control Code RF pulses shall meet the
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following:

a. Under peak time-modulatlon conditions, no two pulses,
includling the pulses of the Interrogatlon Code, shall be spaced
closer than minimum velues stated in 1,18,

b. Under pesk time~modulation a pulse shall not bs mors
than 12.0,us“(should)not be more than 6.00 us) sarlier than the
Triggering Pulse. {18 -

¢. Under peak time-modulation, no pulse shall follow the
Triggering Pulse by more than the amount indleatad by 2.28-A~
(b), ""{C), and "'(d).

4. Under zero.time-modulation, the control pulses shall
be spaced according to 1.25-A~{c) and -(e).

e. Time-modulatlion shall be one of the following four
types and shall have the non-linearity (the error in time de-
viation proportional to modulating voltage) be no greater than
2% of the total stated maximum deviation:

+ 0.50 us maximum, O to 900 cps Sine Wave or Square
Waves:,

i”_z.oo /u.S maximum, n " n " n n n n

1)

Zero to + 4.0 us maximum, " " " " " "

"

Zeroc-to -4.0 us maximam, " " " " " "

#(Components. up to 9,000 ¢ps shall_not be down
more than 3 db).

f. The modulation sensitivity of each pulse shall be ad-
Justébhle. The adjustment shall have sufficlent resolution and
stability to make two pulses maintain the same spacing at all
times when both arc time modulated by the same voltage. The
spacing shall, within the specified linearity tolerance, meet
the pulse time inaceuracy of 1.25 -A-(c) above.

g. Control pulses {when unmodulated) should be spaced
80 that no two pulse pairs of the Radar's Code have ldentical
spacings and so that no two spacings add up to edqual a third
spacling. : . S : .
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1.27. COMBINATION CODES:

A. Radar: Pulses of the Interrogation Code may be used for command .=
control by time modulating one, or two, interrogation code pulses with
respect to the Triggering Pulse. These modulated pulses shall meet the
requirements of 1.26 except that they cannot, by definition, follow
the Triggering Pulse. This method gives the least number of pulses
for both interrogation and command but it does not provide the maximum
interrogaticu selectivity.

B. Beacon: Note that, with this method, the interrogation code
1s not as secure as one in which interrogation pulses are not modulated
because the decoder acceptance glots have to be wide enough to pass the
time modulation and the increased spacing error.

1.28. REPLY DELAY: (See 2.28, for this subject).

1.29. AGC AND LIMITING:

A. 3Because of the great range of signal strengths that a beacon's
receiver (and decoder) must handle and because of the desire for smell . —
Reply Delay Variation (See 2.28), the recelver should have Automatic
Gain Control ot equivalent. When only one radar is interrogating z beacon,
a conventlonal gated glow AGC is very satlsfactory. However, when several
radars of a chain are time-gsharing a beacon, such an AGC is not satis-
factory because the stronger signals discriminate against weaker ones
(received signals will vary in strength even when radar Power Programming
is used. See 1,31.). Possible solutions are either Instantaneous Auto-
matic Galn Control (TAGC) or the use of a logarithmic receiver (possibly
with a very limited amount of gated and delayed slow AGC).

B. If AGC is used:
a. There should be means to disable the AGC;
b. The AGC shall be gated and the level should be set by
either the. 3rd pulse or the 4th pulse, selectable by a bench adjust-
ment. By usiag the 4th pulse, 3-pulse radars tracking the beacon would A
not affect the AGC level, thereby providing maximum accuracy for the '

4-pulse radar;

c. There shall be means to adjust the time constant and range.
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d. The neminal time-constant should bhe about 0.1
sacond.

2. The range should be zuch that there 1s 12 db of de-
lay (no AGC in the 12 @b above the triggering threshold) and such
that the beacon doed not reject valld interrogations thai are as
much ?s 18 db below the strongest signal (that 1s setting the AGC
level

. The beacon sheall accommodate Interrogations from
up to 5 radars of a chain.

g. The AGC shall operate over the full interrogatlion
rate range of the beacon, including the sporatic interrogation
of acqguisition. -

1.30. STC: Sometimes a beacon is over-interrogated by local
InterTerence_such that i1t would be desirable to have its sensi-
tivity reduced at first and then programmed up with time after
1auﬁch (or te have its sensitivity adjustable by remote con-
troll.

1.31. POWER PROGRAMMER:

A, Radar powe?r should be programmed automatlically as a
function of 'the range setting.  The principal purpose of thils
i1s to minimize bemcon reply delay variation. See 2.28. (Reply
Delay). Therefore, the programming should be according to the
inverse zquiare law and should he over as great a power range
a3 possible. Howsver, it should be possible to select the
radar ranges at which the program starts and the radsar range
at which the program _enda... A power programmer 3erves other
purposes such. as reducing beacon crysztal burnout problems and
reducing the skin-tracking slde-lobe problem. See 2.30. (STC).
Although a power programmer is extremely valuable for beacon
operations, it does Tiot sg%ve all problems of varying signal
strength at the beacon. ( See 1.29. (AGC).

1.32. TRACKING GATES: Not applicable to the interrogatlon link.

1.33. RETLY CODE: Not applicable to the interrogation 1link.

1.3L. FALSE REPLIES: ©Not appllecable to the interrogation link.

1.35. CRYSTAL PROTECTION:

A, Beacons, as well a3 radars, should Incorporate TR
tubez and crystal shutters (or other crystal protectors).
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1.36. SYNCHRONIZATION:

A, All radars of a chain {(or of adjacent chains) should
be synchronized (but not necessarily isochronized). Normally all
ad jacent radars should be pulsed simultaneously (isochronized) to
prevent mutual interference, However, the requirement to "leap-
frog" to aveld interfering pulses or to avold "beacon stealing"
sometimes prevents this (See 2.3l4). Therefore, adjacent radars
should be synchronized and operated on different radio frequencles
and with different interrogation codes., Since all radars of ons
chain must be on the same frequency and have tho same code, thls
means that two radars of one chain should not be adjacent funlesa
one has its transmitter off and 1s tracking beacon reply pulses
elicited by the other radar).

B, Although "leapfrogging" with synchronlzed radars (for
the prevention of "beacon stealing") 1s reasonably satlisfactory
with two or even three radars in a chain, a chaln with more
redars in use at one time may not be satlsfactory. Therefcre,

a radar chaln should have automatic computers and data links for
cauaing the Interrogatliona from dlfferent radars to be inter-
laced in time at the bescon by continuocusly adjusting the time
of triggering of each radar (except ona).

1,37 DISPLAYS AND MONITORS:

A. HRadar: Redars should have on the console monitoring
displays of:

e. Frequency.

b. Pulse Width.

¢. Code (Pulse Number and Spsacing).

d. Peak Power,

e. Transmitter Voltage and Current, etec.

B. Beacon:

a. A beacon's superheterodyne recelver having a brosad
flat-topped pass-band is difficult to tune ac-
curately with simple field equlpment. Therefore,
such a beacon should have an suxillary detector
and high Q circult, tuned to the center of the IF
pass=band, for use with an external tuning indi-
cator.

b. Beacons should have externally avallable signals
for ad justing or checking the besacon's receiver
or for monitoring in-flight performance by means
of telemetry:
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L.0. Signal.

L.0. Fregquency Indication. (Usually not in-
corporated In beacon).

Mixer Current.

Receiver tuning indicator.

AGC Voltage {(or signal strength monitor).
Videco Cutput.

Audlo Indication (posslbly use blanking gate -
See 1.22).

Power Voltages.
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PART 1I

RESPONSE LINK
Baacon to Radars

2,1, FREQUENCY RANGE: (1)

A. Bescon's Transmitter: Shall be tunable to any frequency within 5,400
t0 5,900 mc/sec. (MC/8 means million cycles par second; sometimes written
"mepa",or even "mes" for short.)

B. Redar's Beacon Receiver: Shall be tunable to any frequency within
5,400 to 5,900 mec/sac,

2,2. FREQUENCY INACCURACY (ABsoLuTe): (2X(1)

A. Bescon's Trensmitter: Shall hold t L me/sec or less at all times and
the drift rate shall not exceed 1 me/sec/min., (eny and all pulses).

B. Redar's Bescon Receiver: B5hall have AFC to follow the beacon's fre-
q1;.enc5r to within # 0.2 mc/sec or better over a renge of &t lesst 6 mc/aec.for.
8/N > 6db,

2.3. FREQUENCY JITTER:

A. The pulses of & single beacon reply shall not differ in frequency by
more then 0.2 me/sec,

2.4 TFREQUENCY OFFSET:

A. It is not required that the beacon's transmitter operate on % S‘re-
quency less than 25 mc/sec away from the beacons receiving frequency. 3

2.5. FREQUENCY SPECTRUM:

A. JBReacon's Transmitter: The RF pulse spectrum shall not be wider
between -6 db points than 3.0/pulse width under maximum vibration and ordi-
narily no wider than 2.0/pulse width . For example, for 0.5 us pulae?u'ljhe
spectrum width shall not exceed % me/s except under maximum vibration.

B. Radar's Recelvers: BSee 2.10 (RF Bandwidth),

2.6. LOCAL OSCILLATOR FREQUENCY:

A. 'The radar's L.0O. for beacon reception shall be capable of cperating
on either side of the b?acc)m'a frequency. Normally this L.0. should be below
the bescons frequency. 420
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B. Normally the seme radar's skin-tracking L. 0. should be above the
reder's frequency. (20)

2.7. INTERFERELCE RADIATION:

A. Both the transmitier and the recelver shall meet Military Specifica-
tions MIL-I-006181 and MIL-E~164L00 (SHIPS), as applicable, except as specified
herein.

B. Radiated power at fregquencies outside of 5,400 to 5,900 me/s should
be at least 60 db less than the C-Band fundemental, except for the theoretical- " —
ly expected harmonice ¢f the C-Band RF pulse.

C. Local Osecillator C-W energy dellvered to the antenna should.be less w
than -LO dbm.

2.8. IVMAGE FREQUENCY REJECTION:

A, The rader's recelver s?ould have at least 60 db rejection of the imege
frequency, and preferably more.

2.9. INTERFERENCE SUSCEPTIBILITY:

A. The redar's recelver should have at least 60 db rejection of CW or
pulse signaleg outside ?f 5,400 - 5,900 me/s, except for the theoretical pass-
bvend of the receiver. 5)

2.10.  BANDWIDTH: (17)

A. Beascon's Transmitter: See 2.5 (Frequency Spectrum).

B. Radar's Receiver: The RF pass-band should be optimum for the pulse
width to be received and should have steep skirts for selectivity, but not so o
steep as to slow the pulse rise and fall unduly or to cause overshoots. Since B
the radars track the cemter of gravity of a video pulse (rather than the lead- _
ing edge), & short_rise time (a2 broad pass~band) is less importent then in the
casé of a beacon, which triggers on the leading edge. The use of receiver AFC
makes it unnecessary to- widen the pass-band to accommodate the frequency errors
of the beacors transmitter and of the radar’s receiver. However, the pass~band .
shall Be wide é&rough so thet the AFC tuning error will not distort the pulse -
shepe, for this could shift the center of gravity of the received pulse, there- ... ..
by introducing & range error. ‘Doppler frequency shift (ususlly negligible) is
also accommcdated by the AFC. Generally speaking, the radar's RF bandwidth
should be gbout 2 md/s for 5 %,%s pulse, aboub 4 me/s for 0.5 us pulse and about :
8 me/s for 0.25 ps pulse. (ONT) . video bandwidth should be sbout 5 me/s or
mere for short rise and fall times.
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2.11. RF. CEANNELS:

A. Beacon's Transmitter: It is recommended that the bheacon ‘transmitter
frequency mssigument ordinerily be sbout 4O me/s below the frequendy assigned
to the radar's transmitter.

B. PRadar's Beacon Receiver: This receiver must be tuned to the frequency
assigned for the beacon's tranemitter; it is recommended that the L.0. normally
be set below the beacords freguency. The radar's IF is 30 me/s.

C. Radar's gkin Receiver: For simultanecus skin and beacon reception,
the skin L.0. normsily showld bpe set above the radar's transmitter frequency.
The radaxr'e IF is 30 me/s.

D. Two-Way Channels: The frequency assignments and L.C, settings as
mentioned above ¥n 2.1L and 1.1l were based on the desire to separate skin and

beacon signels and upon mutual interference considerations. It was assumed
that the radars have had added some kind of image rejection dsvice such as
preselectors, and that the beacons have an IF of 60 ™/8, or have adequate
image rejection. It should be possible to provide six independent 4two-way
(offset) radar/beacon channels within 5,400 to 5,900 me/s. With present tunable
reder magnetrons, the channels would be limited to five, If the lowest fre=
quency channel 1s reaserved for high power fixed tune radars for skinetracking
only, the number of chennels reduces to four. Without image rejection devices
on the radars, there may be some unavoidable mutusl interference with these
frequency sssignments and L.0. settings. (See 1.36).

Spot frequency assignments are considered by some of the test rmnges to be
classified. Therefore, mpecific frequency recommendations have not been
ineluded.

2.12. POLARIZATION:

See Part I, 1.12.
2,13. ANTENNA PATTERN:

A. Bescon. Tra.nsmit‘th.i_{xg: Beacon tranamitting antenna pattern require-
ments are identic % gea for the beacon's recelving antenna. BSee Part I,
J.13.

B. Radar Receiving: In beacon-tracking, there is more danger of acciden-
tally locking on with a radar eide lobe than there is in gkin-tracking an iso-
lated target. For this remson, the pattern side lobes should be es small as
possible {and the radar's Sensitivity-Time - Control should be used). Under
clutter conditions, there is far less danger when using a beacon having a fre-
quency offset.
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2.14., RF PULSE DURATION: The beacons's RF pulse {envelope) duration ordinar-
i1y shall be 0.50 aas, £ 10%, between -3 db points (50% pesk power points). It
is desirable that a beacon be adjustable to provide elther 0.50, 0.75, or 1.00
me, + 10%. It is highly desirablée that the beacon's reply pulses be longer then
the interrogating pulses in order to facilitete visual discrimination between
the beacon reply and skin returns. Herein "peak" power is "smooth peek" as
defined by paragreph 4%.16.3:3 of MIL-B-lc.

2.15. RF. PULSE RISE AND FALL: The beacon's RF pulse (envelope) rise time,
from -10 db to -0.5 db (10% to 90% pesk power) shall not exceed 0.05 us. The
fall time from -0.5 db to -lO db shall not exceed 0.10 us end preferably should
be shortex. N

2.16. RF. PULSE JITTER: The beacords RF pulses (envelopes) (with a video
trigger substituted for the receiver output) shall not have leading edge jitter
exceeding *-0.01 us, pulse width jitter exceeding * 0.02 s, nor peak power
jitter exceeding + 0.2 db.. When an RF pulse group inte the recelver is used

to trigrper the transmitter, the leading edge jlitter shall not exceed +-0.05 ys.

2.17. RF PULSE TOP: The beacons RF pulse (envelope) between the outer
-1.0 db points {B0%eak power points), shall at no point deviate more than
0.5 db from the "smooth curve" as defined by paragraph 4.16.3.3 of MIL-E-lc.

2.18. RF PULSE GROUP: For telemetry (or identification) purposes, the
beacon should be capable of transmitting a second reply pulse the same as the
first but delayed over the range 25 to 125 us asccording to the data to be
telemetered. It ls recommended that the modulator for the second pulse be in
g separate removable unit to minimize the beacon needed for applications not
requiring the second pulse. When the second pulse is availsble, there must be
means to disable it. - o . .

2.19, FPEAK POWER DIFFERENCE: .- The two pulses of a beacon reply shaell not differ
by more than 1 db.

2.20, PULSE GROUP REPETITION FREQUENCY: (GRF)

A. The beacon shall respond at least 95.0% of the time to valid inter-
rogations over st least the range from 100 to'E,OOO'interrogationa/sec. Over
this range the sengitivity of the receiver and the peak power of the trans-
mitter should not vary more than 2 db.

B. The beacon shall not be demaged by interrogetions up to 10,000/sec and
shall recover from an vver interrogatlion within 2,000 us.

C. It is highly desirable that the beacon respond to up to at least 5,000
interrogations per second (for chein rader operations).

D. During scuyulsition, the interrogations mey be very weak or sporatic.
Therefore, the beacon shall respond to any single walid interrogation at least
95% of the time, regerdless of the time between interrogations (so long as
the time is greater than 1/2,000 second).
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E. 'The beamcon shall not incorporate repetition rate tuning unless 1t can
he disabled easily.

F. BSee salso Part I, 1.2l and see 2.21, 2.22, 2.23 and 2.24 below:

«.2L., RECOVERY TIME: The beacon's transmitter should recover, to within 2 db
of normal peak power, within 20 us after the last pulse of the bemcon's reply.
For bescons not requiring chain-rader tracking, a longer recovery time, up to
400 ue, is scceptable. However, it is strongly recommended that beacons that
cannot be tracked by a radar chain not he used,

2,22. BLIANKING GATE: BSee Part I, l.22.

2.23. DUTY RATIO: The beacon's transmitter dubty ratio should be as large as
feasible within the sbove stated paremeters. In no case shall the duty ratio

be leas than 0.0010. A maximum duty ratio of 0.0020 or more is highly desirable,
even though this mey result in a slightly reduced peak power at the high inter-
rogation rate during chain redar operations.

2.24. PULSE CODES; GENERAL:

A. DBescon and Redar: Within these system standards, all pulse specings
or pulse time specifications are between leading -3 db points of radio fre-
quency pulses, unless otherwise specified.

B. Bescon: The beacon's reply, if coded, shall consist of the usual
beacon reply pulse used for tracking, plus s second pulse for telemetry or for
identification purposes. The second pulse should be of the same duration z.s
the first. This pulse code is called the "Beacon's Code" or "Reply Code".(16)

C. Radar: The radar operator msy use the second pulse for identification
by observing it on one of the omscilioscope displays. To use the pulse for
telemetry, it must be time modulated and the radar must be modified and auxiliary
telemetry equipment added.

2,25, 2.26, and 2.27: Not applicsble to the Reply Link.

A. Beacon: The beacon shall have, at its antenna, an intentional fixed
delay between the Triggering Pulse and the beacon's first reply pulss. Thie
delay is to permit separation of simultaneous skin and bemcon returne at the
radar, or to permit the use of control pulses following the Triggering Pulse,
or to permit separation of returns from two simultaneously triggered beacons
on the saeme frequency by having the reply delays different. The beacon's
Reply Delay (RD) shell meet the following:
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a.. When no radar pulses follow the Triggering Pulse, the delay shall
not be less than (interrogation pulse width +1.25 ms). For exsmple,
(0.25 us +1.25 ms) = 1.50 ps. This delay 1s to provide the tracking
gate. clearance required to permit simultanecus monitoring at the redar
of skin returns while tracking the beacon retufm, and vice versa.

b. When one or more Control Codé pulses follow the Triggering Pulse,

the minimum delay shall. be (interrogating pulse width +l.25;us) plus ™=

(the maximum possible time after the Trigger Pulse of the latest -
modulated pulse when wnder moximum modulation). This keeps the same
gate clearance ds in the previous case.

¢. The beacon's Reply Delay shall be a fixed value of 9.50 us or less
and should be 5.50 jis or less. (19) '

d. A nominal fixed Reply Deley value shall be the sum of guante of
exactly l/lo,us starting with zero. The fixed delay shall be measured -
by triggering the beecon with an ?F'%nterrogation of -30 dbm peak .
pover intd the beacon's receiver.\1d

e. The fixed Reply Delay, as measured above, should hold to an
absolute inaccuracy of no more then £ 0,05 ps atall times and under_
the expected enviromment.

£. The Reply Delay jitter, with signel strength varied from 10 db .
above the smellest signal that triggers the beacon 95% of the time,
to the largest signal the beecon is rated for, should not exceed 0.02
ms peak to pesk. :

g. Reply Delay Voriation with strength of the interrogating signal
usvally is the greatest position measuring error caused by a beacon.
Therefore, this variation (neglecting jitter) should be reduced to the
grestest practical degree. See 1.10 {Bendwidth) and 1.29 (AGC). The
Reply Delay Variation, with signel strength varying from 10.db apove
the smellest signel. that triggers the beacon 95% of the time, to the
largest signal the beacon is rated for, shall not exceed Q.05 ms
{about 10 yds)} except as follows: '

(1) Where poorer range measiring atcuracy is tolerable.

(2) Where several.radars of & chaln are sharing the beacon.
In this cése the strongest signal shall be replied to with
the speclfied accuracy and the other signals replied to with
the vest possible lesser accuracy. See 1.29 (AGC), and See
2.3 (Power Programmer). , , -

(3) During the transient conditions of acquisition.
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B. Fedar: The beacon's Reply Delay (RD) introduces a large fixed error
in the messured range unless it 15 compensated. Because of the frequent need
for realtime data, the radars shall incorporate Reply Delay Compensation (RDC).
The ROC ahall cover reply delays up to 9.50 ns. The RDC:

a. Shall have an adjustment range of zero to at leamst 9.90 us.

b. Shall have edjustment increments (or calibration increments) of
exactly 1/10 ps. Additional smaller increments are permissible.

¢. Bhall have an absolute lnaccuracy no greater than i 0.030 us,
{should be no greater than * 0.020‘ps). The inaccuracy is that
of any interrogation, not of the mean of seversl interrogations.2l)

d. Should be directly calibrated (in microseconds of RDC, starting
with zero) so that reference to calibretion curves or tables is
not necessary.

e. Shall have a fine sdjustment means (trimmer) having a resolution
or increment no larger than 0.010 ms. The trimmer should heve
an approximate calibration and shall have & range of at least
plus or minus 0.050 us sbout the set (ealibrated) velue.

f. £Should be in duplicate to permit a push~button selection, by the
radar operator, between two different pre-set vmlues of RDC.
This is to permit the use of two bescons on the same frequency
in one vehicle. _See 2.20 A.

g. . Shall have range zero-set means to adjust for RD being measured
from leading edges and for-the beacon's pulse duration being dif-
ferent from the radar's pulse duration. The zero-set shall be
independent of the skin-tracking range zero-set and shall hold
for both of the duplicate RDC adjustments. (21) (22)

2.29. AGC AND LIMITING:

A. Radars shall have signel-actuated, gated, sutomatic gain control
for the receivers. _Logarithmic receivers may be adventageous. See 1.29. and
see 2.30., following: '

2.30. STC:

A. BSince signal-actuated AGC may not keep a radar from locking on a
side-lobe of the radar's antenna pattern, Sensitivity-Time Control is required
in the radar. TFor best results, the STC should have a dual slope capability,
one slope for beacon-tracking (square law) and one for skin-tracking (fourth
power law). Since side-lobe tracking is more likely with beacon-tracking, (ex-
cept under elutter conditions) the STC should have a square law slope if only
one slope is available. A Radar Power Progremmer {See 1.31) helps solve this
problem in the case of skin~tracking but does not do so for beacon-tracking.

A boresight TV system (See 1.36) sometimes is extremely valuable for determin-
ing whether tracking is belng done with a side-lobe.
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2.31. POWER PROGRAMMER; (Not epplicsble to Response Link),

2.32. TRACKING GATES: _ .

A. Redars shall have selectable beacon-tracking gates for' beacon
pulses of .0.50, 0.75 and 1.00 ms duration. See 2.14 (RF Pulse Duration).

B. Radars should have selectable skin-tracking gates for radar
pulses of 0.25, 0.50 and 1.0 us duration so that skin-tracking can be done
vhile interrogating a beacon with reder pulses of any of these durations.
See 1.4 (RF Pulse Duration).

2.33. REPLY CODE:

A. Bescon: Beacons having a second reply pulse for telemetry purposes
shall space the second pulse 25,0 us after the first pulse when no time-
modulating voltage is applied to the beacon. The pulse spacing shall vary
linearly out to 125 as when the voltage increases to plus 5.00 volts. For .
synchronizing data decommutators and for transmitting reference voltage date,
the beacon shall be capahle of increasing the spacing to the range 130 to
165 ms when the modulating voltage is increesed. These specifications are those
of the AN/DKT-9 beacon telemetry system.

B. Radar: Some radars should be fitted with AN/DKT-9 telemetry equip~
mert.

2.34. FALSE REPLIES:

A. Beacon: A false reply is & beacon reply that is valid in all
respects except that it is elicited by noise or by other radars rather than
by the radar of interest. The beacon, when connected to a dummy antenna, shall
not transmit more than five false replies per second, aversged over 100 replies,
or over one minute.

B. Redar: The radar shall have mesns to avoid false replies (and
other potentielly interfering pulses). The radar should have mesns to shift
the phase of the radar's train of interrogations to avoid a pulse train that
is drifting into the tracking gate. This is sometimes called "Leapfrogging"
in that the undesirable pulse appears to Jump over the tracking gate.

2.35. CRYSTAL PROTECTION:

A. Beacons, &s well as radars, should incorporate crystal shutters
and TR tubes, or other crysital protectors.

2.36. SYNCHRONIZATION: ~Not epplicable to response link.

2.37. DISPLAYS AND MONITORS:

A. Beacdns:'"Beacoﬁé_shoﬁla"hav;:exﬁ;fnﬁii§ available signals for
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adjusting or checking the beacon's transmitter or for monitoring of in-flight
performance by means of telemetry:

(1)
(2)

3
(5)

Trensmitter S8ignal

Transmitter Frequency Indication. (Usually not incorporated
in Beacon Proper).

Transmitter Power Indicetion.

Modulator Pulses.

Power Volteges.

B. Redars: The radars should have at the console:

(2)
(2)

I~~~
(o) I ¥1)

)
)
)
)

Indicatlon of the fregquencies to which the receivers are
tuned.

Telemetry displays for real”time monitoring of beacon
performance in—flight.

Receiver Noise Figure Test.

The usual range indicating oscilloscopes.

Boresight televiaion.

An auxiliary FPI oscilloscope.
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PART ITI

NOTES
301“
(PART I AND PART II)

(1) By "frequency" 13 meant the frequency of the major component
of the spectrum of the RF_pulse. Any and all pulses shall meet =
these specifications. In the case of a recelver, "frequency"
means the frequency of a slgnal that 1s In the center of the pass-
band of the receiver. See (17).

(2) The frequency inaccuracy (error) tolerance includes the
srror of the wavemeter; therefors, the radar's lnstabillity plus
the radar's settling-serror must be better than the stated absolute
inaccuracy. Usually the wavemeter error is about 0.5 me/s. Note
that error or inaccuracy i1s sometimes called amccuracy ~ "The
accuracy of the meter 1s 0.2 percent",

(3) It is desirable to be able to operate with a frequency off-

set less than 25 mc/s; or at least to have the recelver protected . . .
agalnat damage from tuning the transmitter through the receiver -—
pass-band.. Normally use a L0 me/s offaet.

(L) The wider spectrum is permissible under condition of maximum
vibration only when unavoidable. Beacon frequency modulation causes
radar errors - See Reference D-3(b).

(5) The rejection-ratio is to be measured with CW signals, or

with a pulse that 1s long enough to have insignificant harmonics

at the other frequency. Note that FPS-16 and MPS«26 radars do -

not lncorporate image rejection at this time. For information -
on image rejection without preselection fllters, see Page hA of
Proceedings of the. IRE for January 1960.

(6) See MIT Radlatlon Laboratory Series, McGraw-Hill; Vol I,
page 3L VoI 3, gage 152, page 36(; Vol 23, pages 215 and 181;
Vol 24, pages 208, 209 and 212, .

(7) See MIT Radlation Laboratory Series, MeGraw-Hill; Vol 23,
page 156,

(8) See MIT Radiation Laboratory Seriass, McGraw-Hill; Vol 23,
page 21L. ) ,

(9) DNote that linear "vertical” polarization gradually changes
to linear horizontal polarlzation as the elevation angle of the
radar Iincreases to 90°, The reference here 1ls the vertlcal axis
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of the radar sntenna mount.

(10) The Institute of Radio Englineers defines a Right-Harded
Polarized Wave as one receding from the observer and radlated by
an electric vector rotating clogkwise in a fixed plane that is In
front of the observer and. at right angles to the direction of
propagation of the wave in queation. The definltion of classlcal
physics is exactly opposite to the IRE definltlon, therefore, be
wary when concerned with polarization sense descriptionz, Note
that circular polarization and linear polarizaticn are merely
limiting cases of elliptical polarization., Propérly speaking,
ellipticity is a measure of deviation from a circle, bui some
writers use the term elliptical peclarization to mean polariza- S
tion other than_ linear. .

(11) UWhen using a circularly polarlzed radar to accommodate &
beacon in a rolling and/or tumbling vehicle, the beacon antenna
pattern should be extremely free of circularly polarized com-
ponents, or should be so that the sense of the circularly
polarized component does not reverse in any viewing aspect.
This ls because the sense of a clrcularly or elliptically
polarized wave revorses as the viewling aspect is reversad; when
the polarization senses of the beacon and the radar are opposites,
the attenuation is very large, It is for thils reason that a
¢irecularly polarized beacon antenna often is not satisfactory
with a clreularly polarized radar (but usually would be aatis-
factory with a linearly polarized radar).

(12) AN/FPS-16 radsrs, as first made, cannot space the Fifth

pulse as close a8 L us. It 1s expected that the radars will be .
modified to satisfy thils requirement.. See APPENDIX B, paragraph . -,
B-3. T IT T

13) AN/MPS-26 (XN-1) radars, as first made, do not provide
.50 us .pulses in afdition to 0.25 uz and 1.0 us pulses. AN/
PS-16 radars are known to be capable of two 0.50 us pulsez
gpaced 1.25 ps. It is undepstood that three 0.50 us pulszes
can be spaced =23 close az 1.3 us apart (leading edges).

(
0
F

(14) ©Nothing iz known yet about the ability of MPS-26 radars : >
to transmit groups of 1 us pulses. It is understood that FPS- -
16 radars can space two 1 ms pulses as close as 2.8 us apart

{leading edges). .

(15) On=off modulating of Control Code pulses is permissible

only in speclal cases because the resulting changes in radar : .z
duty~-ratio complicate the radar frequency stabllity problem.
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(16) These Standards cover simple beacon telemetry systems such as AN/DKT-9.
Future development of beacon telemetry systems may require a more complex
reply aode conaisting of more than two pulses,

(17) A. 'Bandwidth" means the width of a pulse spectrum or of a frequency
puss-band. ~The receiver of a radar or beacon cannot ba characterized
dasily by a single bandwidth figure, for there are several links in the
thain: antenna, preselsctor, duplexer, RF smplifier, mixer, IF amplifier,
video datector and video amplifier. An antenna ordinarily does not affect
bandwidth; 1f an antenna does affect bandwidth, it shall (for purposes of
these System Standards) be considered a part of the receiver. It is possible
to describe the receivar bandwidth characteristics by lumping all RF links
(including the antenna and IF links) under the topic "RF Bandwidth" and

by lumping the Video Detector amd Video Amplifier under the topic "Video
Bandwidth":

(a) By "RP Bandwidth" is meant the width of the Carrier Pass-
Band: "The Frequency Ditiference between the two outer -3 db points of
the curve of Radio Frequency Output Power (delivered to the video detector)
vs Frequency of an Unmodulated Sinusoidal (C-W) Input Signal,

{b) By "Video Bandwidth" is meant the width of the Modulation
Pass-Band: '‘The frequency difference between the two outer -3 db points
of the curve of Video Qutput Power va the Frequency of Sinusoidal Modulation
of an Amplitude~-Modulated input Carrier of the proper Frequency (R or IF)
applied to the Video Detector'. Note that some writers use the term Video
Bandwidth to mean the C-W bandwidth of the Video Amplifier alone, ignoring
the video detector.

B.. "Pulse Bandwidth': Another way to characterize receiver band-
width 18 to state the RF carrier frequency range over which RF pulses of
stated envelope shape and power characteristics are delivered as video
pulses of stated shape and samplitude characteristics. Although this method
18 much more difficult to specify, it haa the advantage of including phase
distortion effects, (which the previous definitions do not inciude) and of
including the effect of all parts of the receiver through the video amplifier.
Although this "Pulse Bandwidth" method more closely describes the actual
operation of a receiver, it is not used Iin these System Standards.

(18) 1It is highly desirable that all pulses (including modulated pulses and in-
cluding the beacon's first reply pulee) be entirely within -6.0 ys to + 5,5 us
of the Triggering Pulse in order to see all pulses when the Triggering Pulse
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s In the gate in the Center of the 2,000 yd. (l2.2 ms) range
oacilloscope. A secondary déilre 13 that mo pulse be more than
.90 ms from the Triggering Pulse in order to make possible the
use of a digital type multiple-trigger generator or encoder

{(with only two decade switches) (this is alsc the reason for .
requiring 1/10 ms quanta). _All C-Berid beacons existing or under
development, except AN/DPN 5li, satisfy the above desires. AN/DPN-
Sh requires the first pulse to be at minus 9.0 microsecond, modu-
lated to -12.0 microseconds. These System Standards do accommo-
date AN/DPN-5l beacons but the longer cades will exceed the o
limits of the 2,000 yd oscllloscope.’

(19) Beacon reply delay should not exceed 5.50 us in order to
keep the first reply pulse within the 2, OOO yd rangs oscillo= -
scope while the radar 1s skin—tracking'the Triggering Pulse

and displaying it in the center of the 2,000 ¥d oscilloscope.

To do this with a longer reply delay would require the radar

to be modified to move the skin gate to the left of center,
thereby possibly crowding some of the interrogation code pulses
off the 2,000 .yd osc¢illoscope. Note that the RF cable from the
antenna to the beacon Iintroduces a delsy. Therefore, high
accuracy beacons should have means to trim the reply delay to
compensate for cable delay., -

(20) These L.0. frequency settings were selected to minimlze
L.0. beat interference, and Image interference between radars.
With these settings, skin and beacon - signals cen be received
individually or simultaneously. Never place sn L.0, within
the pass-band. of another recelver and avoid separating two
local oscillators by multiples or sub-multiples of the IF,

For example: current radars have an IF of 30 me/s, therefore,
the skin and beacon local oscillators should not differ by 60,
30, 15, or. 7.5 me/s, ete.

(21) Note that Reply Delay 1s measured from the leadlng edge
of the Triggering Pulse to _the leading edge of the first Re-
ply Pulse but the radar tracks the center of gravity of the
Reply Pulse (or of a Skin-Tracking Pulse)}. Therefore, the
RDC device must incorporate a zero-set adjustment to compen-
sate for the range measurement. difference that occurs when
the Skin-Tracking Pulse width differs from the Beacon's Reply
Pulse wldth.

(22) It is recommended that the radar's Multiple-Trigger
Generator (Encoder) be timed from the radar's Pre-Trigger so
that the Beacon Reply Pulse is received at exactly the same
time that a Skin-Tracking Pulae of the same duration would
have been received, and that one of the skin-tracking gates
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be used for beacon-tracking. This method requires that any beacon
delay compensation device that 1s integral with the radar be gast
to zerc or disconnected. Tho only dlsadvantage of this mathod

is that the sklin gate is in the center of the 2,000 yd oscillo-
scope and, therefore, the radar's code may extend off the left

end of the oscilloscope while beacon-tracking. To avold this, it
would be necessaery to modify the radars to shift the gate to the
right end of the oscllloscope when beacon-tracking. A minor
modification of FPS~16 radars may be necessary to obtain a radar's
pre-trigger (for the Encoder) when operating from external syn-
chronization.

(23} The radar's Encoder should have duplicate channels for. one
of the pulses so that remote control pushbutton selection be-
tween two pre-set interrogation codes 1s possible. These pulses
should be settable to be either the first or the second pulse

of a 3-~pulse interrogation node,. }

(2y) A closed-loop power programming system,in which the signal
atrength at the beacon iz telemetered to the’ radsr, would be use-
ful if the data could be commutated between the radars of a
chain.

(25) AN/DPN-50 beacon will be built with the unusual character-
istic of trliggering on the tralling, rather than leading, edge
of the triggering pulse. This is because the DPN-50 receiver
characteristics are such that the delay varlation with signal
strength 1s less on the tralling edge of a symmetrical pulse.
With such a beacon, beacon delay considerations must take into
account the radar's pulse width (and variations thereof) and
any difference In the leading edge and trailing edge slopes.
(See 1.18)., Later versions of AN/DPN-50 may be changed.
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APPENDIX A

NOMINAL CHARACTERISTICS OF AN/FPS-16 and AN/MPS-26 (XN-1)

C~BAND INSTRUMENTATICN RADARS

At thls writing, AN/FPS-16 radars are being installed at
all but one of the IRIG ranges and AN/MPS-26 (as well as FPS~_
16) radars are being installed at Pacific Missile Range. In
addition, FPS-16 radars are being installed by NASA at Wallops
Island, Va., and Bermuda; by the Army at Ft. Huachuca Proving
Grounds; and by the United Kingdom at Woomera, Australias, The
following data were obtained plecemeal from many different
sources such as contract specifications, instruction manuals,
and conversation and correspondence with representatives of
the manufacturers. An early draft was reviewed officlally by the
manufacturers and their comments have been Incorporated here-.
in. Note that, except for a few items where a maximum or a
minimum is stated, the dats are nominal values. That 1s,
tolerances on the stated values are not given. This is be-
cause the tolerances are not known or are negliglbly small.

The data given are for the radars as first produced.
However, & number of needed or potentlal future modifications
sre mentioned in the footnotes. In the future, current in-
formation on the radar characteristics should be obtalned
directly from the test range at which the radars in question
are located., It is intended that future modifications of
radars at the IRIG ranges conform to these standards (or
later revised issues of these standards). If changes that =
would vitiate these standards should become desirable, it 13
expected that entirely new standards will be sgreed upon by
the IRIG ranges and published. s L

The data are arranged into the following categories:

ITEM NO. ' TOPIC
N R MECHANTISM
BeD o momomm === = QUTPUT. DATA
Ae3 == ommm - = INPUT DATA
Aelp == m - e w - - - ANTENNA
A=D = = == wmm = = TRANSMITTER
Aeb = == == = = = - BECEIVER
A7 v m == === == MISCELLANEOUS
A8 = == === m = - PERFORMANCE




Items having some relationship to beacon compatibllity are
marked with an asterlsk in the front of the item name. Values
that are doubtful or unavailable at this wrliting are markéd with
a question mark thus (?).

Herein:

A. By "Range", slant range from the intersection of the
mount axes is meant.

B. A Mil is, by definition, exactly 360°/6,400. There-
fore, 1 mil = 0.056250°, and 1°= 17,77778 mils.

C. K means. 1,000.
D. u means 1/1,000,000.
E. 1 yd is exactly 0.91l Meter,

(The International Yard).# _. .. . .
(The o0ld U.3. Yard was 0.91440183 Mster).

F. 1 Nautical Mile is exactly 1,852 Meters,
(The International Nautical Mile)s
(This is 6,076.115486 International Feet).
(This 1s 6,076.10333 Amerlcan Survey Feet).
(This is 6,076.10333 014 U.S. Feet).
(The ?ld U.S. Nautical Mile was 6,080.20 o01d U.S3.
Feeot).

G. Note that the 2,000 yd unit used by some radars is
riot a mils.

# "Units of Weight & Measure", NBS Pub., No. 214, July 1955,
"Technical News Bulletin", Jan 1959, NBS.

r—
i —

A-1., MECHANISM AN/FPS-16 AN/MPS-26 NOTE
. (XN-1)
Type of Mountr Two-Axia Two-Axisd
Azimuth Tracking Range: Continuous Continuous
Elevation Tracking Range: =10° to +85° 10 to +88° a-1
Elevation Motion Range: -10° to +190° -1° o +88° a-1
A-2




A-1. MECHANISM (Cont'd)

AN/FpPS«16

Range-Tracking Range:!

Azimuth Tracking Rate:

Elevation Tracking Rate:

Range«Tracking Rate:

Azimuth Acceleration:
BElevation Accelesration:
Range Acceleration:

Slewing Rates:

Manual Tracking:

#Range Search;
Auntomatic:

#Angle Search;
Automatic:

500 yds to
LOOK yds

0 mii
?a2°?seége;ax.

400 mi}/sec
(22.5%°/sec)
max. )

8K yds/sec max,

550 mil/sec?
max,

550 mil/sec?

max,

4,000 yds/sec?
max,

R e: 30K
yggﬁsec X .
Az: 115°/sec

max.
El: .24°%/sec
max.

Poasible

t1,000 yds
{Ad justable
to = 5,000

yds)

A. Circle
Scan? 0.903
2.39, or
3.1° at 1,
1/2 or 1/4

cy/sec.

AN/MPS-26 NOTE
(XN=1)

500 yds to 4OOK 8-2

yds

1,060 mil/sec
(60%/sec) max.

530 mil/sec a-17

(30°/3ec) max.

n

8K ydas/sec max. a-

400 mil/sec?
max, :

40O mil/sec?
max,

10g max. Normal,
(20g on Switch)

15K yds/sec max,
Az: 609/ssc max,

El: 30°/sec max.

Poaslble

None, but has
avallable a

+1,000 yd ac-

quizition gate

6%cone at
1 cy/sec




A-1. MECHANISM (Cont'd) AN/FPS-16 . AN/MPS~26 NOTE
(XN=-1)

B. Raster 3can:

100 x 60, or 69

x 100, at 1/2

cpa on 6° & 1

¢pm on 10¢

C. Sector Scan:

Az or El: 109, —

209, or 300 at

1,2, or.ly cy/min,
Servo Bandwidths Each servo manu- Az & El: 6 Values a-29
(B-W): ally variable at 0.013 to 2.5 eps;

console: Az: 0.10 . R: 5 or 10 cps

to 5 eps; El: approx.

ditto; R: 1 to 10 -

cps
Angle Velocity A. At max, servo A, At max. servo a-3
Lag {(until out B-W: 0.004 mils/ . .B-W: 0.0065 mii/ —
of beam): mil/sec (Kv= mil/sec

250/sec)

B. A% min, servo B, At min, servo

B-W: 0.0067 mils/ B-W: ? mil/mil/sec.

mil/sec (Kv= 150/sec)
Range Velocity A. At max,B-W: a-3

Lag (until out
of Range Gate):

Angle Accelera-
tion Lag {(until
out of beem):

"1 yd for 5K yd/

sec (Kv Constant
at 5,000/aec.)

B. At min. B-W:
1 yd for 5K yd/
sec {Kv Constant
at 5,000/sec,)

A, At mazx, B-W:
0.02 mil/mil/
sec/3sac., (Ka=.
50/sec?)

B. At min,B-W: 33
mil/mil/sec/sec,
(Ka=0.03/3ec?)

Negligibls
B. Negligible

A, At max, B-W:
0.065 mil/mil/
se¢f3sec

B. At min, B=W: ?
mil mil/sec/sec




A-1. MECHANISM (Cont'd) AN/FPS~16 AN/MP3-26 NOTE
{XN=-1)
Range-Tracking Range: 500 yds to 500 yds to 4OOK a-2
LLOCK yds yds
Azimuth Tracking Rate: 750 mil/sec 1,060 mil/sec
(42°/sec) max, (0 O/sec) max.
Elevation Tracking Rate: 00 mi}/sec 530 mil/sec a-17
{22.5%/3ec) (30°/3ec) max.
max.
Range~Tracking Rate: 8K yda/sec max, BK yds/sec max. =2
Azimuth Acceleration: 550 mil/sec? 40O mil/sec?
max, max,
Elevation Acceleration: 550 mil/sec? L4oo mil/sec2
max, max,
Range Accelerationt 4,000 yds/seca 10g max. Rormal, a=-3
max, (20g on Switch)
Slewing Rates: e: 30K 15K yds/sec max. 8a-30
ygnﬁsec AEX
Az' hS sec Az: 60°/ssc 'max,
E1° u°/sec El: 30°/sec max.
max,
Manual Tracking: Posslible Posslble
#Range Search; +1,000 yds None, but has
Automatic: {Ad justable avallable a
to * 5,000 + 1,000 yd ac-
yds) quisition gate
s#Angle Search; A. Gircle 6%cone at a-25
Automatic: Scan: 0. 9°, 1 ecy/sec
2 3 , or
1/2 or 1/11
cy/sec.
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AN/MPS~26

wl, snt 'd" "
A-1 uscm‘xsu (Cont'd) AN/FPS-16 (XN-1) NOTE
Range Acceleration A, At max, B-W: A. At max, B-W: a-3
Lag (until out of 1.25 yd for 1,000 10 yd for 1,000 yd/
gate): yd/sec/sec., (Ka=800/ sec/sec.
sec)
B. At min, B-W: B. At min., B-¥:

Mount, Normal

1 yd for 40 yd/gec/
sec, (Ka=40/sec”)

Elevation Axis Leveled

Leveling: (* 0.025 mila)

Normal Orientation: Azimuth "zero" to
True Notrth

A-2, QUTPUT DATA

AN/RPS-16

? yds for 7 yd/
sec/sec,

Elevation axis leveled

Bame as ¥P5-16

(XN-1)

Azimuth Scales:

Elevation Scales:

Range Scales:

Data Output, Synchro:

Data Qutput, d-c
Potentiometer:

Data Qutput,
Digital Resolu-
tion:

Data Qutput,
Digital Sampling
Rate:

Increase clockwlise
(Observer. above the
radar)

Increase with ale-
vation

Increase with range

60 cpe; Range:
3-gpeed; Angle:
2~speed _

Sin-Cos & Slant
Range (Max. input
voltage ¥ 125V)

Angle: 17 bits,
(0.0027466° /bit
or 0.048828 mil/
bit), straight
binary

Range: 20 bits,
(calibrated 0,500
yd/bit), straight
binary

Up to 100 samples/
sec (depending on
Aux; Equipment)

Same as FPs-16

.Bame as FPS-16

Bame as FPS-16

60 cps; 3~-speed and a-24
2-gpeed

Same as FPS-16

Angle: 16 bits, a~16
(0.0976 mil/bit), a-34
straight binary

Range: 19 bits, (1

yd/bit), straight

binary

Up to 100 samples/ a-16
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A-2. OUTPUT DATA {(Cont'd)}

AN/FPS5-16

AN/MPS-26
(XN-1)

NOTE

Data Qutput,
Auxiliary:

Data Output of
associated d-c
computer: (Not
part of radar)

*Max. short-time
Precision (S/N =
30db):

*Max., Angle Accura-
ey: (Excl. Glint,
Scintillation, Servo

Lag, Refraction, Multi-

path, Weak-Signal
Errors)

*Max. Range Accura-
cy: (Excl. Glint,
Scintillation, Servo
Lag, Multipath, Weak-
Signal Errors; any
Beacon Delay Error .
& any Velocity of
Propagation Error)

Range for Balance
between Range & Angle
Errors:

PPT Indicator:

*Range Displays:

3 Tracking-error
signals, 3 Track-
ing-rate signals,

AGC voltage, & other
miscellaneous signals
available

- X,Y,H (or Z) + 125V

(H=Height above sea
level)

Random Errors Ra and
Rr have S=0.1 mil &
5 yds, or less. (S 1ls
"Standard Error of
Estimate™)

Absolute Error A,

Rgpt0.1 mil or less
(Predicted Value)

Absolute Error A, ¥
8.

' 'Rr + 5 yds, or les

(Predicted Value)

About 25 n. miles

No. (Can add stan-
dard Navy Unit as
Auxiliary)

A. Dual A-Scope:
{a2) Full Range with
10K yd Expanded

Miscellaneous signals
available

Same as FPS-16

Not yet determined

Not yet determined

.(About * 0.5 mil)

Not yet determined
(About % 10 yds)

About 10 n. miles

Yes

A. Four A-Scopes:
(a) 400K yds
(b) 32K yds

a-10 .
a-14

a-38

a=21
a-38




A-2. OUTPUT DATA (Cont'd) AN/FP5-16 AI?/MPS-SZE; NOTE
XN=-1

(b) 2K yd with (e) 2K yd beacon
Range Notch, (d) 2K yd skin

B. 2-spsed Synchro B. Same as FPS-1l6
Diala (in yds)

C. Digital (Octal, C. No digitel dis-

"Nixie" tubes) play

(Sample rate 1/

sec.)
Az and El1 Dis- A. 2-3pesd Synchro A, Same as FPS-16 a=-21
plays: Dials (Degrees) a=308

B. Digital (Octal, B. None
"Nixie" tubes)
(Sample rate 1/sec,)

Auxiliary Sig- Signal from Two  "Lost Target" Light
nal Conaole push-
buttons:

A. "Data Accept-
able" (Manual
only)

B. "Data Not Ac~
ceptable” (Manu-
al; and Automatic-
ally when lose

track)
Auxiliary I channel Sanborn 30 chﬁnnal Larson a~-26
Recarder: Model 154-100BC ON-OFF function

Hot Stylus Re- Recorder

corder. Normally
record the 3 servo
error signals &
tima. Slgnal
Strength (AGC)

& Tracking Rates
availlable for re-
cording.




A-2. OUTPUT DATA (Cont'd) AN/FP5-16

AN/MPS-26 NOTE
(XN-1)
Digital Data = = Not pert of the radar  Not pert of the radar a-16
Recorder: proper ' proper
Plotting Board & Not rart of the rader Not part of the radsr
Its Computer: . proper o . proper
Boresight Tele- . . Provided - Provided
scope: T ' T
Boresight Camera: Provisions for Provisions for a~35
Boresight Tele~  Provisions for Provisions for
vision:
A-3. INPUT DATA AN/FPS-16 AN/MPS-26 HOTE
(XN-1)
Target Pesigna- Will slave to 6Q eps Similar except Az and a-28
tion: (For acqui-' Synchro date on Az, El only and can select
sition) El & R; or Az & R; or from 3 sources. (Lower
Az & El. Req'd Ac- accuracy data OK)
curacy * 3/4° & 1X yd. -
Can select from 2
sources. (Radar auto- U
mabically nulls & then
sweeps 2K yd in Range)
*Synchronization: Master or Slave (82K Master or Slave (82K a-27

¢/s & 341 ¢/s Sine wave

signals)

A-8

e/s, 5.12K ¢/s & Pretrigger

Pulses)




AN/MPS-26

A-lp. ANTENWA AN/FPS-16 NOTE
(XN-1)
Antenna Type Parabollic Reflec~  Parabollec Reflec-
tor tor . ..
Antenna 12 Feest 10 Feet a-8
Diameter:
#Antenna Po- "Vertical" "Vert", Hori- a=9
larization: zontal or Cirecu-
lar {(Pushbutton
saleactlon, while
tracking)
#Antenna Feed: Monopulse Nutating {(30/sec) -a-39
(4-Horn} (Non~rotating)

Antenna Sweep
*Beam Crossover:

Antenna System
Power Capabillity:

Antenna Efficlen-
cy (Gain) Factor:

*Antenna Beam
Width at -3 db
Pointa:

Antenna Power
Gain over Iso-
ﬂBpic Radiator
(includes Ef-
ficiency Factor):

#Antenna Side
Lobes:

Beam Collimation
Trror vs PFre-
guency:

(See A~1 MECHAN-
ISM)

Zero db

AMW peak

0.55

1.20 ..

25,100 (44 ab)
min (at lowest
frequency)

-25 db

Neglligible for

most applications.

(About * 0.15 mil)

(See A-1 MECHANISM)

-1 db, or-3 db
(ad justable)

- (?)

15,800 (42 db) min
{(at lowest frequency)

-25 db

Negligible



A-l,. ANTENNA (Cont'd)  AN/FPS-16 . AN/MPS-26 NOTE
(XN=-1)

Radome: None None a~10

Mount: Two=-axis Two-axls

A-5, TRANSMITTER AN/FPS-16 T AN/MPS-26 NOTE.
(XN=-1)

R.F. Liné Loss, 2 db 1.5 db

Transmitting:

*Tuning Range 5,400-5,900 mec/sec. Ditto - a-l

(Bxelusive of
Magnetron):

*Peak Power, Tun-
able (5,450-5,825

mc/sec,) (at Magne-

tron):

#frequency Stabl-
lity of Tunable
Magnetron:—

Integral Wave-
meter:

Feak Power, Flxed
(5,480 = 30 me/
sec,) (at Magne-
tron):

#Power Programmer
{Beacon Function
of Range):

#Pulse Widths,
microseconds?

200Kw. Min, (83 dbm)

Unknown

+ 1 me/sec,
T+ 0.5 me/s with
chart)

800 Kw, Min, (89
dbm)

4O db; 4 Selecta~
ble ranges

Radarts: 1.0, 0.50,
or 0.25 (Beacon's;
Optimum: 0.75)
Tolerance * 0,05
us )

A-10

200Kw, Min. {83 dbm)

Unknown

3 mc/s Accuracy

None

None

Radar's: 1.0, or

'0.25 (Beacon's;

Optimum: 0.50)
{Tolerances un-
known)




A-5,., TRANSMITTER (Cont'd) AN/FPS-16 AN/MPS~26 NOTE
(XN-1)

#Duty Ratio, Max: 0.0010 0.0010 a-15
#Pulse-Group Twelve: 34l to Ten: 320 to 1,707/ g~2
Repetition Freq: 1,707/sec. sec,
(GRF)
Multipulse Capa- To five 0.25 us To five 0.25 aus a-11
bility: pulses (or two pulses, or fewer

0.50 us pulses) totaling 1.25 us)
Closest Spacing Four 0.25 us Five 0.25 us pulses: a-11
of Pulses: pulses: 1.00 us, 1.00 us

Two 0.50 ns

pulses: 1.25 us.
———e—— = =
A-6, RECEIVER AN/FPS-16 AN/MPS-26 NOTE

(XN=-1)

#Tuning Range! 5,400-5,900 mc/sec
#Integral Wave- Separate Wavemeter, Same wavemeter as
meter for Local +, me/s Accuracy for transmitter.
Oscillators: T+0.5 me/s with (+3 me/s Accuracy)

chart)
RF Line Loss: 0.75 db 1.5 db (?)
Noise Figure of 11 db Max, 10 db Max, a=10
Recelvers:
Bandwidth of Skin 2 or 8 me/sec. Opt, for 0.25 to a2-20
Receiver: 1.0 us Pulses
#Bandwidth of 8 or 2 me/sec. Opt. for 0.5 us
Beacon Receiver: Pulses
Sweep and AFC Tach ¥ 10 me/sec, Each +7 1/2 me/sec. a-~18

Pull=in of 8kin
Recelver:

A-11

a-20. . .




A-6. RECEIVER (Cont'd) AN/FPS-16 . AN/MPS-26 NOTE
(XN=1)
AFC of Beacon Re- + 12 me/sec (with + 10 mc/sec, Elec- a-18
celver: S/N =25 to 60 db) Tronic, plus T
Mechaniesl 5,400
to 5,900 mec/sec,
#Sensitivity of ~100 dbm, or Same as FPS-16 a-10
2 mc/sec, Ro- better . : ,
ceiver (0 db S/N)
(Marginal-Track-.
ing)
#Sensitivity of ~3l dbm or better Does not apply a~10
8 me/sec, Recelver
(0 ab S/N): (Mar-
ginal-Tracking)
#I,F. (3kin & 30 me/sec. 30 me/aec,
Beacon):
#A.G.C. Circults: A, One only. A. Skin (Past & a-22
{Skin or Bea- alow)
con)
B. Beacon (Fast &
slow)
#*S.T.C., : A, One only. A, 8kiln
(Ad justable in -
cabinet) B. Beacon
*Parts Common to All except A.F.C. Mixer and IF a=-12
Skin & Besacon : : Preamp,
Recelvers:
#Image Rejoction: Zero db Zero db a-13
#C-W Rejection: None {(will angle-  Norie (C-W Track- a=31
track C-W) ing unknown)
#Dynamic Range G2 db 93 db

of Receiver Gain
Control:

A-12




A=6., RECEIVER (Cont'd) AN/FPS«lé AN/MPS-26 ROTE

(XN-1)
Crystal Shutters: Yes Yes
#Range-Gate 0.25 us Widep Two times Pulase a~19
Widths: than Pulse to be Length: (Skin:
Recelved (Normal 2 pu3) (Beacon:

Beacon's PW=0,75 1 ps)
ng) (When acquire

ing, gates 0.75

Ms wlder than

pulse to be rec'd)

A~7., MISCELLANEOUS AN/FPS-16 . AN/MPS-26 NOTE
(XN=1)

Specificatlion: Navy BulAer Con- Navy BulAer Con-
trect Spee, XELw tract Spee, "Canoga
303, and about 25 Model 7240, 20 Dec
Conference Min- 1957"
utes

Security Classi« _Unelassified Unclasaified

fication: :

Manufacturer: Radio Corp, of Underwood Corp,
Amerleca, Moorase Canoga Divisiagn,
town, N.J. Van Nuys, Calif.

Instruction NAVAER 16~30FPSl6 (?)

Manuals: ~50, (5 Volumes,

totaling 12" thick)
(Addendum 1 covers
kit for extending
range limit to
%5000,000 yds) (Vel

*3ize & Form: 2=gtory concrete Trailer Van 20! a-3l
bldg, 27' x 65! long. (SCR-58i
van)
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A-7. MISCELLANEOUS (Cont*d) AM/FPS-16

AN/MPS-26 NOTE.
(XN-1)
Power Inpwi: 170 KVA 120/208Y 18 KvA, 120 V a-3
V, 3 phase, 60 ° Delta, 3 phase,
eps 60 eps
#Ranging Crystal  81.959ke/s + 1/10%ad- 81,946kefs(z 2 cps, a-36
Oscillator: justable + ly.0 eps  10° to 50° C); Ad-
justadble + 4.0 cps
#Pre~Trigger: -16,000 yd (-98 =390 us
1s)
#Phase Shifting Pushbutton shift-  82kds Ranging Crys- a-27
of Pulses (For ting 180° of 341. tal Frequency Ad-
¥Leap-frogging" _ cps incoming, Juster for Qpera-
of Interference): plus fine contrl tor
' knob for 82 ke/s
incoming “
Servo Coasting: Yes Yes
#Beacon Delay Ad Justable +0.25 Ad justable -3 to a=23
Compensation to +3.3 us - +6 us
(Integral): _ o
Other Versions of See Note a-42 See Note a-li3 a-12
Bazic Radar: ‘ a-
A-8. PERFORMANCE AN/FPS-16 . AN/MPS-26 NOTE
(RANGE) i (XN-1)
Skin-Tracking; Ac~ A, Skin-Tracking; (?) a=-32

tual Examples
(Data from Manu-
facturer):

1 MW, 1 us; on 6"
Dia. Metal Sphers
{0.018 square

‘meter Scattering

Cross Section):
To more than 130
y4 under idesnl
conditions.
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A-8. PERFORMANCE _AN/FPS-16 AN/MPS-26 NOTE
(RANGE) (Cont'd) {XN-1)
Skin-Tracking; A. Skin-Tracking; (7) ' a-32

Predicted Range
Rerformance (Data
. from Manufacturer):

Beacon Tracking!

.1 MW, 1 ps3 on 50

cal, bullet:

30 db 3/N: 4 WM

20 db S/N: 7 NM
10 db S/N: 12 NM
0 db 3/M: 22 NM

B. Skin-Tracking;

1 MW, 1 u3; on 1l sq
meter Scattering’
Cross Section:
"Should acquire &
track at 150 to 200
miles™®

C. Ditto; Corner
Reflector 3 ft. ac-
ross: "Good S/N at
400 miles"

See APPENDIX C. See APPENDIX C.

e
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NOTES FOR APPENDIX A

a-1, Note that there is a "cone of silence" (above the radar)
In which normal tracking is not possible. AN/FPS-16 radars will

track to higher elevation angles-if the rates are zlow, and will

track to +190° elevatlon 1if the target passes exactly through
the zenith. Although the radars can track down to zero degrees
elevation, or lower, the energy reflected from the earth at low
slevation anglesa Introduces angle errors, particularly Iin eleva-
tion angle data, and also reduces range by multipath (destruc-
tive interference). For AN/FPS-16 radars, these errors and
multipath effects begin to become negligible as the elevation
increases above about 3°. The actugl errors.remain to be call-
brated for.each radar type, radar site, sea-state, stc. See
Reference D-5(e). ’ : -

a-2, A 1,000,000 yd Range Extension Kit for AN/FPS-16 radsars
ha3 been developed by RCA, This unit operates at a GRF of
142/sec {which GRF replaces the former 1,707/sec) and has a
range_ rate of 10K yd/sec maximum., With the 1,000,000 yd Xit, one
bit represents 1 yd instead-of the usual % yd and the kit uses
3-speed range synchros instead of 2-3psed. Therelore, range
acqulsition data will have to be in 3-spead form lnstead of the
usnal 2-speed form, For details on this Kit, see ADDENDUM 1 of
the FPS-~-16 Handbook. Under BuAsr Contract No. 58-865¢, RCA is
developing a Kit to extend the range to 8,000 NM by using the
"Nth time around" ranging. The 8,000 NM Kit will be an =all-
electronic range machine, therefore, target acqulsition range
data will not be usable directly in synechro form. The GRF i
will be around 160/s for 8,000 NM and around 640 for 2,000 NM.
At 20 db S/N, the rate will be 20,000 yds/sec (mar) and the
precision will be 3 yds rms.. See B-19. Canoga has proposed

tg BuAer development of a 2,500 mlle range mechanlsm for MP3-
26, e . ,

a-3. FPS-16 servo lags can amount to 8 mils or more. A
modification kit iz being developed by RCA for real-time
correction &f FP3-16 dlgital data errors caused by servo lags.
MP3S~26 has simllar servo lag errors.

g;g. Present tunable magnetrons, rated 250 Kw nomlnal, do not
tune the entire frequency range of the radars. A 3 megawatt
Klystron Kit, to increase the FPS-16 tunable power to 3 MW
nominal over the full range, has been developed by RCA. Neo
such kit Is planned for the AN/MPS-26. An Amplitron Kit for

a 1 MW tunable output 1s being studied by RCA for FPS-16

radars and by Canoga for MP3-26 radars,
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%ﬁg' The . present 250 Kw tunable radars do not have magnetron

. The frequency stabllity 13 unknown but it 13 expected that
AFC kits will have to be added for satisfactory beacon operation.
RCA 13 developling an AFC kit for FPS-16 radars and Canoga 13 de-
veloping one for MPS-26 radars.

a=6. The present FPS-16 fixed-tune magnetrons have a nominal
peak power of 1 MW and a scatter band of '+ 30 me/s. Frequency
stability of the 1 MW transmitter 1s about 2 me/s after a 7 me/s
warm-up drift. Normally this magnetron cannot be used for
beacon operations because its frequency cannot be adjusted, as
1s essential for chain-radar operatlions with beacons. To change
from 250 KW tunable to 1 MW fixed requires the shifting of a
plece of wavegulde,

a-7. The AN/FPS-16 power programmer is to reduce beacon range
errora (beacon reply delay variation) caused by varying signal
strength at the beacon. Power 1s programmed (per Inverse

Square Law) with range setting, over one of four selectable
ranges: 0.5-50 Kyd; 1-100 Kydi 2-200 Kyd; L-j00 Kyd. MP3S-26
doss not iIncorporate a powsr programmer but it should be possi- -
ble to add one. ' .

a-8. RCA is developing a 16 foot dish with a hydrauliec servo.
The larger dish will not reduce the depression angle of 10 de-
grees. The beam width will be 0.80° and the gain will be 6.5 ab
minimum,

a-9., Note that "vertical' polarization gradually changes to
‘horizontal az the elevation increases to 90°. The MPS-26 has
pushbutton selection of polarization except that the circular
gense must be set in advance by a change in the antenna feed.

A eircular polarization kit for FPS-16 rsdars has beon de-
veloped by RCA. Thils requires a new reflector. The polariza-
tion sense is R-H (by IRE definition). (See PART III, Note 10).
This kit will consist of a "hat"” to place over the feed horns
and will include & new reflector. For meximum accuracy, it is
necessary to boresight after changing polarization.

a-10. Precision 13 a measure of repeatabllity only. Accuracy
Is affected by errors that do not affect preecision. For ex-
ample, calibration errors do not affect precision. Some writers
express overall error as the rms of all errors (random, erratic,
systematic, and constant). Zero db 1s considered a marginal~
tracking S/N for all radars. Stronger signals give higher pre-
cision (smallsr random errors). AN FPS-lg radars usually will
track down to a S/N of a -3 db and sometimes to -6 db, FP3-16
angle and range errors decrease until the 3/N increases to
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sabout 30 db. "Smooth Tracking" requires a S/N of about 10 db or
better; "High Accuracy" avout 20 db, and "Maximum Accuracy" ab-
out 30 db, Tt 1s antlecipated that addition of a hydraulic servo
to FPS-16 will increase maximum precision such that a S/N up to
70 db or more would be useful when deriving real-time velocity
data from the radar. Note that FP3-16, being s monopulse radar,
is less affected by scintillation (amplitude jitter) than iz
MPS-26, a nutating radar. : : L

a~ll. The radars require multiple trigger generators in order
to provide multiple pulses. Under Specification XAV-62, Buder
has requested proposals for a contract for the deslgn and pro-
duction of such devices. FPS-16 cannot, without modulator modi-
fications, provide any spacing less than 1.0 us and cannot -space
the £ifth 0.25 us pulse any closer than about 8 us. Modulator ..
modiflications may permit all five 0.25 jusg pulses to be spaced

as closely as 0.5 ms. {See B~3}). Such modulator modificgtion
would .improve pulse shape and pulse~to~pulse frequency stability.
MPS-26 .will space all five 0.25 us pulses to 1.0 pus and possi-
bly to 0.6 ms, MP3~26 requires triggers between 0.30 and 0,80
us duration and of greater than 20 volts (either polarity) into
100 ohms. The trailing edge must be at lsast 0.70 us from the
next leading edge (1.0 us recovery). MPS-26 will alsc accept
wldth modulated pulses from 0.2 to 1.2 us with the closest
tralling edge to leading edge being 0.70 us. The pulses must

be at least 40 volts into 100 ohms and of poaitive polarity.

a-12., Thiz meanz that elther skin or beacon signals, or both
sTmultaneously, can be received but that simultaneous signals
cannot be aplit into separate channels. Therefore, In order to.
monitor both signals while tracking one, the beacon reply delay
must be large enough to keep skin echoes out of the tracking
gate when tracking a beacon, and vice-versa, MP3-26 has a
wider skin-tracking gate than 13 optimum for this purpose.
FPS-16 local oscillators have a warm-up drift, therefore,
signals should not be turned off by turning off the L.0. The
development of some other means 1s needed. Ses B-28.

a-13. No pre~selector 1s used. When C-Band becomes crowded,
1t mdy become necessary to install a pre-selector to reduce
interference from signals on the Image freguency. .

a-10. 'S/N means the ratio of peak signal power to rms noise
power, averaged over a short time. An ideal target and S/N
> 30 db is gssumed In this accuracy statement. Actual ac~.
curacy values sre being determined., See "Accuracy of a Mono-
pulse Radar" by David K, Barton, in 1959 Conferencé Proceed-
ings of the IRE Proflfessicnal Group on Military Electronics
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(8 Pages) & see "Evaluation of AN/FP3-16 (System Nr 1)} at WSMR,”
K.E. Pesardon; US Army SMSA Tech Memo. No. 606, Feb 59; WSMR. For
detailed background, see "Instrumentatlion Radar AN/FPS-16(¥N-1)",
Final Report, Contract DA-36-034~-0RD-151, by RCA, Moorestown,
N.J., end see the similar report for AN/FP3-16(XN-2), Contract
No.N0s55-869¢c, Random errors. have approximately a Gaussian
(normel) distribution., "s", the "Standard Error of Estimate",
is the rms of the deviations from a curve of regression (a
curve having a least squares fit to the data points). 3ince
there are numerous possible regression curves (one of which
touches every point so that "S" i3 zero) the meaning here 1s a
reallstic regression curve. By reallistic regression curve 1is
meant thie best estimate (of the true curve) that can be made in
light of the measured data and prlor knowledge of the phenomenon
observed. For a dlscussion of "S"-as related to the more common-
ly used "Q"" (Sigma, for Standard Deviation), see pages 87 and
179 of Mathematics of Statlistics, Vol I, by John F., Kenney, Van
Nostrand, 1947. Alsc see page 2é3 of The Elements of Statistica,
by E.B. Mode, Prentice-Hall, 194l. For a dlscussion of criterisa
for chooaing one from the infinlity of possible regression curves,
see "The Critical Examination of Empirical Eguations", U.S.
Naval Ordnance Test Station Technical. Memorandum No, 291 by Paul
Peach, November 1951, and see An Introduction to Scientific Re-
search, by E.B. Wilson, Jr., McGraw-Hill, 195Z. PFor variate
erence method of estimating "S", see Morse & Grubbs, Annals
of Math. Statistics, 18, No.2, pages 194-21L (June 1647). (This
13 the Journsl of the Institute of Mathematical Statistics,
Baltimore, Maryland.) ‘

a-15. AN-FPS-16 radars were originally supplied with a QKLLT
unable magnetron and had a duty - ratio of 0.00165 max. These
magnetrons are belng replaced by QK«6e2 for longer life. The
QK-662 will 1limit the duty - ratio to 0.0010 max. unless (as .
may be possible)} tube rating is increased to match the 250Kw
modulator rating of 0.00165 max. The 1MW magnetron is a.QK-539.

a-16. At some test ranges digital data readout and recording
equipment added to the AN/FPS-16 radars will limit the sampling
rate to values less than 100/sec. AN/FPS-16 digital data is
true binary, low order first (in serial readout). At some
future date FP5-16'3 may be changed to ths simpler high order
first readout. AN/FPS-1lé Code Whsels are in Gray Code {(some-
times called Reflected Binary Code)}: Angle; 5-blt-Mechanlcal
geared to 13-Bit Optical. Range; same except 8-bit Mechanical.
Simultanecus serial readout of Az, El and R registers begins.
500 us after interrogation. Readout bit rate is 100 Ke/s and
the longest word is 20 bits; therefore, the serial readout re-
quires another 200 us meking a total of 700 us. The MPS-26-
radar proper does not include digltal code wheels and readout
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equipment. PMR 1s having these added by Coock Electirlc Company.
Data out will be true binary, high order first in aserial read-
out, Mlinimum delay in start of readout is 500 us. The maxi-
mum bit rate is 5Ke¢/s.

a-17. Most FPS-16 radars will track in elevation at a higher
rate, Some will track up to 30 or L0 degrees per second.

8-18. AN/FPS-16 AFC will pull in % 6me/s on S/N = 6 db and will
hold do?n to 3 db (the beacon AFC has own IF strip and develops
own AGC).

a-19. AN/FPS-16 Skin-Tracking gates are automatically switched
as pulse width 1s switched. When the beacon-tracking mode ‘is
selected, the gate is switched to & width optimum for a 0.75 ns
beacon pulse. It probably is feaslible to re-wire the radar so
that any pre-selected one of the four gates would be selected
In the beacon mode. The normsl gate cannot accommodate pulses
shorter than 0.45 micro-seconds or longer than 1.0 micro-
seconds. AN/MPS-26 has one skin-tracking gate optimum for 1.0
ms pulses and one.beadon-tracking gate for 0.50 ms pulses. It
wlll be necessary to add a gate for 0.25 us pulses if it is
deslred to permit switching from beacon-tracking (with 0.25 -
uns radar pulses) to skin-tracking on the skin echoes from the
0.25 us pulses that are Interrogating the bescon. The beacon
gate cannot accommodate pulses shorter than 0.40 us or longer
than 0.75 as. Therefore, the radar should be modified to
permit a selection of the beacon gate from four gates optimum
for 0.25, 0.50, 0.75 and 1.0 us pulses. The FPS-16 radars
should be similarly modified. AN/MPS-26 pulse width is ad-
justable in 0.04 ms steps from 0.20 to 1.2 us,

8-20. FP3-=16 skin-tracking mode automatically selects 2 me/s
band-width for 1.0 ms pulses and 8 mc/s for 0.50 or 0.25 us
pulses.. In beacon-tracking mode, 8 me/s band-width is auto-
matlically selected. .However, the operator has an overriding
band-width selector on the console.

a-21. FP3S-16 synchro dials in mils instead of degrees are
available in Kit., The three FPS-16 digital displays are In
true binary numbers Indicated in OCTAL form by "NIXIE" tubes,
each indicating an arabic symbol 0 thru 7. Each "NIXIE"
numeral representa three places in the true binary number;
0=000, 1=001, 2=010, 4=100, 5=101, ete., The least signifi-
cant NIXIE is at the right.

a-22. ~FPS-16 has a non-tracking IF strip, with independent
manual gain contrel, for monitoring skin return pulses while




tracking a beacon, MPS«26 has independent receivers, each with

own AGC (and gate) for this purpose.

8-23. It is planned that Beacon Delay Compenszation of greater
range will be incorporated in the auxiliary Multiple Trigger
Generator (Encoder) that will be added to each radar by the test
rangss.,

a~2li. The 1,000,000 yd Range Extension Kit has & lj-speed syn-
chro output. T

8-25, For the FPS-16 only the two Raster Scans and the Sector
dan size are selectable at the console. The other optional
-values are cabinet adjustments.

8-26. The FP3-16 recorder has several paper speeds from 0,25
to 100 mm/sec. The recorder cannot record soms high frequency
timing signals. The addition of a speclal 5th channel for this
purpose mey be possible. FPS~16 angle error volitagegare pro-
portional to error within 0.1 mil up to 1 mil and within 0.013
mil up to 0.1 mil, ‘

2-27. FPS-16 has automatic phase shifting of received 82Kc/s
sine wave to match the received 34leps sine wave, (cable delsy
slope compensation),

a-28., Range synchro data must be 2-speed and angle data l-speed.
The 500 mils range kit requires 3-speed. Auxiliary monitors for
displaying Target Acquisition data should be Installed since
such monitors are not integral with the radar. .

a=-29. FP3-16 Az, El and R servos each have at the console a
manual bend-width adjustment. There is a provision for adding

a computer to _provide automatic band-wldth contrel in which
band-wldth varies with servo velocity and with signal charscter-
istlecs. Implementation of this requires the development of a
computer. To accommodate sudden changes in tracking rates, such
as at separation, there is a need to add to the radars a pushe
button for instantly opening all servo band«widths to maximum
(and possibly for inserting a boost signal).

8-30. Most FPS-16 radars will slew in angle at higher rates.

a=31. Since the FPS-16 radar wlll angle-track a CW signal, a
beacon" can be used for "theodolits" type-tracking with 2
or more radars. However, the radar recelver band-width 1is
much wider than would be optimum for CW. Therefore, to reduce
the "beacon" power required, narrow banding of the receivers
would be desirable. A free running pulsed "beacon" could be
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hwsed for mmgle-tracking (without receliver modification) so long
.23 the appsrent range rate 1s not too high for the Range Track-
Ing Servo and so long as the range limit stops are not hit. RCA
sald' 1t probably is feasible to add an automatic device to keep
the range gate approxzimately centered to avoid the 1limlt stops.

a-32. If the PRF 1is not stated, 1t 13 not known at thls writing
but 1t probably 1s the maximum posalble for the range.

8«33, TLoads are connected loads, average power will be some~
what less. FPS-16 power requires two transformer banks. When a
3MW kit is added .to FPS-16, a third bank wlill be required to
supply & connected load of [SKva at 277/L80Y volts 3 phase 60 cps,
The stated MPS-26 load does not include power for any external
alr conditlioning machinery.

a-3li., RCA is developing a multl-traller version of FPS-16,
omenclature probably will be AN/MPS-25., In the initial plan
this version would not include Gray to Straight Binary code con-
version equipment. RCA is studying and has proposed & zhip-
board FPS-16 wlth data atabilization. An alrborne verston of
MPS-26, with stabllized data, probably will be needed to sxtend
the beacon horizon but no work is being done on such a radar.

8-35. Usually a 40 inch foeal length Mitchell "High Sveed" or
similar camers,

a-%é. The correct ranging-oscillator frequency depends on the
et velocity of propagation over the ray path and on the cali-
Bration of the range mechanism, For the FPS-16 and the MPS-26,
.the range callbration is exactly 2,000.International Yards per
cycle of the 82"ke/s Ranging-Oscillator. If one assumes the

velocity of propagation in a non-bounded vacuum to be: L = 299,
792.5 0.4 Km/sec* (327,857,080 437 International Yards/sea-g%_6

then, for a vacuum, the correct frequency would be 81,96l,2 c/s.
For a non-dispersive medium (one in which veloclty is
independent of fregquency; for example, the atmosphere when not
ionized) the correct frequency is the vacuum frequency divided
by the Net Index of Refraction over the ray path. Several ex-
amples follow:
Net Index of Refraction Frequency .in ¢/s Notes
1.000 000 (Vacuum) - - - - - 81,964.27 o
(1.000 064) - =« = » = = == (B81,959)- -« ~ = « . Original
FPS-16. .
Frequency
1.000 100 = = = = = = = = = = 81,956_.‘0-7
1.000 200 - - = = = = == - - 81,947,688
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Ret Imdex of Refraction Frequency in c/s Notes

(1.000 223) = = = = « = «

~(81,946) = = = =~ - « - QOriginal MPS-26

Frequency
1.000 300 « « = = = « = =« = «B1,939,68
1.000 400 - « « - = = =~ - = -81,931.49
1.000 500 « « « = = - « - » -81,923,30

It is not known how the original FPS-16 and MPS-26 frequencies were selected.
It is suspected that the FP8-16 frequency was picked up by the Signal

Corps very early in the FPS-16 development as being optimum for the high

and dry conditions at WSMR and that the MPS-26 frequency is that picked

by AMR for their Mod IIT Radars (from which the MPS-26 derived) as being
optimum for the low and humid conditions at AMR,

For maximum accuracy of real-time range measurements, it would be desirable
to automatically program the ranging ascillator frequency as a function

of range, elevation angle, and an Index of Refraction profile (or to con-
tinuously insert a computed coxrection into the digital range data output).
At the very least, it would be desirable .to adjust the oscillator to a’
new fixed frequency each time test conditions are chaﬁstd FP8-16 Instruec-
tion Manual says the ranging crystal can be tuned ' +.50 ¢/s but tests on
two PMR radars indicate that the correct value probably is + 5 c/s maximum.
See also APPENDIX B, paragraphs B-14 and B-13. PMR {s procuring for its
FPS5-16's, ranging crystals of the MPS-26 frequency (81,946 cps).

*NOTE: This value of "C" is recommended by the International
Scientific Radio Union .(URSI)., (See IRE for July 1958,
page 1357). 1In their joint meeting of 2 September 1959,
the IRIG working groups on Electronic Trajectory Measure-
ments and .on Electromagnetic Propagation recommended that
the ranges use this value,

a-37, Zested at 4,000 yds/sec? - The paak might be as much as 16,000
a/sec

2-38, To improve target acquisition with FPS-16, RCA has worked out (for
NASA, for the MERCURY Project) praliminary plans for adding an intermediate-
range sweep to the range indicator and for adding an oscilloscope to display
Azimuth vs Range and Elevation vs Range.

a-39. FPS-16 is a momopulse radar of the amplitude comparisom,

A-23




phase~-sensing, type. For information on monopulse techniques,
seg "Introduction to Monopulse™ by D. R. Rhodes, MoGraw-Hill,
1959,

a-40, For wnusually severe environments, RCA 1s investigating
a radome Tor FPS-16. :

a-hjl. A major source of error is side-lobe lock-on and tracking

usually unsuspected). Devselopment of means to test for side- .
lobe tracking and for switching track to the main beam (without
losing the target) is needed. '

a-/i2. There have been several vsrsions made of the basic AN/FPS-
and more versions will be mads):

"AN/FPS-16(XN-1)": The first experimental model was made
with an X-Band RF System and a lens type antenna. It later was
changed to C-Band with _a reflector antenna. This radar was
further modified for use on VANGUARD and i now in use at the
Atlantic Missile Range, Patrick AFB, Florida.

"AN/FPS~16(¥N-2)}": Two of this model were made. One was
installed on Grand Bashama Island, BWI, for the VANGUARD program
and one remains at RCA, Moorestown, N.J. These radars are al-
most identical to later productlon models.

"AN/FPS~16, Production”: These basic AN/FPS-16 radars
are describsd in the Standards and by the AN/FPS-16 Instruction
Manual referenced in APPENDIX D, The (XN-2) models, described
by the "Final Report on Instrumentation Radar AN/FPS-16{(XN-2)",
referenced in APPENDIX D, are essentlally identical to the pro-
duction model. c o

"AN/FPS~-16{%¥N-3)": This is an experimental verslon of .
AN/FPS-16( N-2] that Includes a 3-MW modificatlon kit, a Cirecu-
lar Polarization Kit, a Data Correction Kit, and a Boresight
Television Kit. This radar is at RCA, Moorestown, N.J.

"AN/FPS-16AX": This is a Production AN/FPS-16 modified .
according to (AN-3J above. Three radars have beeh so modifled.
They are at White Sands Misslle Range.

"AN/MPS-25": his is expected to be the nomenclature of
a traller-mounted production model AN/FPS-16. The first model
will be delivered to PMR early in 1960..

"AN/FPQ-4": An adaptation .of AN/FP3-16 that was made for
use as a target-tracker in the land-based TALOS system. Two
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models were installed at WSMR, Two more models, with modifica-
tions, wers installed on a ship for use in the Atlantic Missile
Range on the DAMP program. A third such radar is at RCA, Moores-
town, N.J., as a part of the DAMP presearch facliity.

"Agé PP3-16-91": As additional modification kits are
added to the b8slc production model AN/FPS-16, doubtless new
nomenclabure will be assigned.

a-443. Instrumentation Radar AN/MP3-26 has not yet been pro-
uced except for several asets of the (XN-1) model,
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APFENDIX B

RECOMMENDE®P MODIFICATIONS OF AN/FPS-16 AND AN/MPS-26{XN-1) RADARS

These briefly described modifications ere of three classes. In the first
group are modifications needed to provide compatibility with beacons that
meaet these System Standards. In the second group are lmprovements that
would improve beacon tracking performence but that do not offect compati-
bility: most of these improvements apply alsc to skin tracking perform-
ance. In the third group are potential improvements having no speclal re-
lation to beacon tracking; these are listed merely for completeness. Note
that many of these¢ modifications are interrelated, and that some may be
incompatible with others.

GROUP. I; MODIFICATIONS FOR BEACON COMPATIBILITY

B-1. Multiple-Trigger-Generator (Encoder):

{a) Each FPS-16 and MpPS-26 radar requires such a device, which must
be developed., PMR has prepared specifications for, a development, and Buder
will award a cohtrFact under Bulder Specification XAV-62 of 15 May 1959,
Throughout specificetion XAV-62, the term RACON (for RadarnBeacon) is
used in llieu of the term BEACON. It is understood that Canoga has been
selected as the contractor. '

B-2, Automatic Freguency Control of Transmitter:

() ¥FPs-16 and MPS-26 radars require such devices. The operator at
the console should be able to =2djust the frequency to an absolute accuracy
of % 0.5me/s or better and monitor it contimucusly. The AFC should hold
+ 1.5me/s or better. Pushbutton selection of 4 pre-set frequencies is
highly desirable. The AFC features should be retained in any modification
kit f'or incressing transmitter power.

{(b) RCA is developing an AFC kit for the FPS-16 and Canoga 1s
developing one for the MPS-26.

B-3. Multiple Pulsing:

(a) FPS-16 radars require improvement of the 250Kw modulator to make
available all five 0.25 microsecond pulses spaced as closée as 1.00 micro-
seconds (and preferably as close as 0.5 microsecond), to improve the pulse
shape, and to improve the pulse-to-pulse freguency stability and peak power
uniformity. This improvement probsbly can be mede by removing the 1/1
pulse transformer fromr the modulator and substituting a direct-drive cirw
cult. A better transformer has been developed for the mobile FPS-16. This
permits five 0.25 microsecond pulses to be spaced as close as 1 micro-
second apart. Thls transfoxmer could be used to replaca the transformer of
a fixed FPS-16.




{(b) MPS-26 is believed to be satisfactory in this regard but this re-
waine to be determined.

(c) Any future power~increasing kit must retain the pulse improvements.

B-%. Tuning Range:

(2) ‘The radar transmitters should tune the entire 5,400 to 5,900mec/s
band.

At present the tuneble megnetrons limit the tuning range to 5,450 to
5,825me/s .

B-5. Beagon-Tracking Gates:

(a) FPS-16 and MPS-26 radars should be modified to provide pre-selec-
tlion of the beacon-tracking gate so that it is optimum for a beacon pulse
width of 0.50, 0.75, or 1.00 micrcseccnds. If possible, an additional value,
0.25 microseconds, should be included. With a proper Multiple Trigger Gen-
erator, the skin-tracking gates can be used for beacon tracking. The XAV-62
unit (See B~l) has this capacity.

B-6. Skin-Tracking Gates:

(a) MPE-26 skin-tracking gate is optimum for 1 microsecond pulses.
It is, therefore, too wide for skin-tracking narrow pulses, as is desirable
while tuning for an interrogation-coded beacon and skin-tracking at the
same time. Therefore, skin-tracking gates optimum for pulse widths of 0.25
and 0.50 microseconds should be added.

B-~7. Pulse Widths:

{e) MPS-26 shonld have added to the present 0.25 and 1.00 micro-
second rader pulse widths a third pulse width of 0.50 *+0.05 midérosecond.

B-8. Power Programmer:

(a) For improved beacon range measurement accuracy, MP3-26 should
have added s power programming device like that_in FPS-16.

B~9. Polarization:

(a) TFPS-16 and MPS-26 radars should have pushbutton selection of
"Vertical", Horizontal, and Circular polarizations. Ideally there should
be also a pushbutton choice of the sense of the circular polarization. The
IRE definition of sense shollld be used.

(b) MPS-26 hes the three pushbutton polarization selections but the
circular polarization sense change requires an antenna adjustment.




(e) FP8-16 polarization is linear and "vertical”. A ciroular polar-
ization modification has been developed by RCA (Navy Contract Noas 55-869¢).
This modification kit includes new dish skirts having a different perfora-
tion pattern end includes a "hat" to be placed over the feed horns.

B-10. Image Rejection:

(a) FPS-16 and MPS-26 should both have added s pre-selector or other
means of rejecting interfering signals on the image frequency.

B-1l1. Beacon Telemetry:

(&) Some of the radars should be equipped to receive and record 2-
pulse reply telemetry signals from the beacon. BSuch a beacon telemetry
systen (AN/DKT-9) is being developed by the Army. At some future date, the
IRIG mey publish a System Standard covering such telemetry systems for use
at the IRIG ranges.

B-12. Beacon Commend Control:

(a) Some radars should be equipped with tone generators for time-
modulation of the radar pulses (through the trigger encoder) for command
control purposes. At some future date IRIG may publish System Standards
in this area.

GROUP 1I; PERFORMANCE IMPROVEMENTS

B-15. Data Correction, Post Flight:

(a) FPS-16 and MPS-26 redars have significant compensable errors
in the form of servo lags. These errors can be calibrated in berms of
the servo error voltages. The radars should have added means to digitize
and record the error voltages, along with range time signals, for later
automatic inserbdion into data reduction computers. For correcting for
veloeity of propagation errors, the exact frequency of the ranging crystal
should be made a matier of record for each event. See Appendix A, &-36.

B-lk. Data Correction; Real-Time:

(a) 1In sddition to corrections for servo lags, measurements can be
corrected for veloeity of propagation errors and for atmospheric refrac-
tion errors. For real-time applications such as impact prediction, these
corrections must be made in real-time. BSee Appendix A, a-36.

(b) RCA is developing & resl-time data correction kit for FFS-16
radars. (Navy Contract Noas 55-869¢) {AMR funds).

{e) FPS-16 radars should be equipped with suych data correction

kits, at which time the error signal recorder mentioned above would nc
longer be needed. .
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B-15. Data Resolution and Velocity Data:

{a) For resl-time determinetion of velocity, FPS-16 resolution could -
profitably be incrémsed by one-speed (directly coupled) digital code wheels
heving higher resolution and/or by directly-coupled high precision angular
accelerometers. To take advantage of higher resolution, the serveos probably
should be changed from electric to hydraulic. RCA has proposed studying
velocity measurement methods under en Army contract based on RCA CONFIDENTIAL
proposal D5-105-596-5641A. Ford Instrument Co. proposed to PMR the develop-
ment of a CW doppler system to work in conjunction with an FPS8-16 in order to
progid§6better range rate and angle rate deta. This proposel 1s numbered

PEE-140A .

B-16. Receiver Noise Figure:

(a) 'The 8/N required by the FPS-16 raders for maximum eccuracy track-
ing is so much greater than that requiied for marginal tracking (about Odb)
that improvements such as parsmetric amplifiers should be incorporated as
soon as technically feasible. The present FPS-16 precision improves up to
8 8/N of ebout 30db. FPS-16's modifiéd for velocity meesurement may have
high enough resolution to make much higher S/N ratios profitable in the
form of improved precision and in more accurate velocity determinations.
RCA has proposed {DS~-105-596-5673} to Buder the development of a 3-channel
parametric preamplifier for FPS-16. Thie would yield a €db improvement in
noise figure, which is equivalent to doubling the possible beacon-to-radar
range. The device would be manually tunable over 5,400-5,900 mce and would
have & band width of 1O0mes. Canoge has proposed to BuAer a parametric pre-
amplifier for MPS-26. ) ' '

B-17. Transmitter Power:

(a2} FP3-16 tunsble power should be increased to 1MW or MW and, if possible,
MPS-26 incressed to IMW. In anticipation of future improved detection tech-
niques, the modifications should provide an extremely stable {coherent)
carrier.

(b) RCA and Canoga have studied a 1MW Amplitron kit for their radars.
AMR has funded the development of a IMW tunable amplitren kit for FP8-16.
This will replace both magnetrons of the FPS-16 (the driver will be a de-
gaussed magnetron included in the kit).

(¢c) RCA has developed s R Klystron-chain kit for FPS-16 radars.
(Nevy Contract NOas55-869¢).

B-18. Antenna:

(a) Some FPS-16 radars should, when feasible, have the reflector
changed from 12' diameter to 16' diameter, and the pervomechanism changed
from eleetrical to hydraulic, for higher performence. RCA iz developing
such an antenna and servo.
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B-19. Range Mechanism:

{a) Some FPS-16 radars should have the 400,000 yard mechanism changed
to 1,000,000 yards or, 1f feasible, to 8,000 N,M, Velccity measurement require-
ments should be kept in mind when conaidering range increases, asg should these
System Standards.

{b) RCA has developed a 1,000,000 yard range sxtension kit and, with
AMR funds, is developing an all-electronic range machine of 8,000 N.M, range,
The prototype is expected to be operational by October 1960. The kit incorporates
automatic beacon-sharing facilities. See also paragraph a-2.

(e) To permit angle-only tracking of a free-running pulsed "beacon",
the radars should be modified to keep the range mechanism from running into
the limit stops.

(d) An intermediate range sweep per Note a-38 should be added to FP5-16's
to facilitate target acquisition.

(e} Some MP5-26 radars should have the range limit extended to 2,500
or 5,000 N.M.

B-20. Boresight Television:

(a) This should be added to all radars as an acquisition aid for testing
for side-lobe lock-on and for other purposes. Both FPS-16. and MPS-26 have
proviglons for adding such a system. ‘

(b) RCA has developed a boresight TV kit for FPS-16 (Navy Contract NQas
55-869C).,

B~-20A. Side-Lobe Tracking:

(a) The development of means to test for side-lobe tracking and for
switching track to the main lobe (without losing track) is needed.

B-20R. Entirely New Techniques:

(a) Available new radar techniques, along with compatible beacons,
should be developed, and revised System Standards issued. RCA is preparing
for AMR a proposal on a eoherent-carrier kit for FPS-16 amd a compatible coherent
beacon. Convair. has proposed to PMR the conversion of an ¥PS-16 to an AZUSA
transponder tracker for increased range and improved range rate data.

GROUP "TIT; MISCELLANEQUS IMPROVEMENTS

B-21, Digital Data Form and Readout QOrder:;

(a) MPS-26.digital serial readout is true binary, high order first.
Fps-16 readout is true binary, low order first. For data system compatibility
all radar data should be the same, Since high-order first is preferred by
some data procesgssing engineers, it may be advisable to modify the FPS5-16 radars.
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(b) The mobile version of FPS-16 as first plamned did not include the
Gray to straight binary code converpion equipment of the FPS—16 radars. For
date system compatibility, the radar should deliver stralght binary data.

(¢) 8in-Cos Az § El code wheels may simplify computations somewhat.

(4) Push~pull code wheels may improve reliability or resclution, or
both. - - - o

B+22. Wide-Band Microwave Telametry:

{a) Some FP9~16 anteunas should be equipped with & receiving antenns
feed for receiving microwave telemetry signals from the vehlcle that the
radar 18 tracking. This is because & high gain receiving santenna is necessary
for long range telemetry at microwave frequenciles.

(b) For this purpose RCA hes developed a 2,300 me/s circulsrly polsr-
1zed telemetry antenns.feed for the present FPS-16 antenna. Under Navy
(Patuxent) Contract Nonr-2990(00)-(x), an MPS-26 was equipped ‘to receive
slgnals in the range 1,435 to 1,535 me/s.

B-23. Mobile FPS-16 Type Radars:

(a) RCA is developing a multi-trailer version of Ps-16. This version
mpust incorpdrate all beacon compatibility modifications mentioned above in
Group I and as many as possible of those in Group II. These radars should
deliver data in the seme form s FPS-16 radars. This radar probably will be
called AN/MPS-25.

(v) RCA hes proposed a shipboard version of FPS-16 (this confidential
proposal, RCA Proposal No. 3375214, is dated August 1957 and ie numbered
DS 105- 596~5619) These radars must incorporate the modifications of Group .
I above and as many possible of those in Group II above.

(e¢) There is a need for an airborne C-Band instrumentation radar
suitable for installation in a large high altitude redar aircraft such as
the WV-2 Super-~Constellation. No work has been done on such & radar and -
the associated data reference system.

B-2h. Miss Distance Messurement: =

(a) RCA proposed the addition to FPS-16 radars of a second tracking
system for tracking a second target while it passes through the radar beam
that is tracking the first target. Any such modification kit that is
developed nust permit the use of beacons eccording to these System Standards.
The RCA proposal document is dated February 21, 1958 and is not nunbered.

B-25. Acquisition Data Monitor:

(a) An Auxilisry display for monitoring target acqu131tion data for
quality should be added to the radare at the consocle. :

(b) An intermedimte range sweep as described in Note a-58 ahould be
added to FpPS-16s. B-6
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B-26. Servos:

(&) It sometimes is difficult to acquire a target that starts from rest
with a high scceleration. Such a target is a rocket launched from the surface
or from an aircraft. Since the time of leunch csn be signaled and slnce the
probable motion is known in advence, it mey be possible to edd to the radars a
programmer that will program the servos agcording to the expected target motion
and thereby facilitate acquisition. NASA has plans to have RCA develop a kit
for inserting a pre-set range rate intc FP8-16. This 18 to facilitate acquisi-
tion of the Mercury satellite beacon. '

(b) A simpler modification that may be useful would be a pushbutton
switch and a relsy for cpening ell servo bandwidths to maximum for acquisi-
tion.

(¢) A computer for auwtomatic FPS-16 servo bandwidth control should be
developed. :

B-27. C-W Rejection:

(a) The redars should, if possible, be mede capeble of rejecting C-W
signels.

B-28. Signel Switching:

(n) When both skin & beacon local cscillatora of FPS-16 are running,
there 1s g 3db sensitivity loss in esch receiver. If a LO is turned off, it
cannot be switched on instantly becsuse 1t must warm up. A means of inatant-
1y switching between the three modes is needed.

B-29. Monitors:

(a) MPS-26 should have a monltoring oseilloscope like FPS-16.
B~-30. I-R Tracker:

{e) Some radars should be equipped with an infra~red tracking head
for angle tracking rocket flames at very low elevatlon angles or under
severe clutter where radar tracking is not satisfactory in angle.

B-3l. Extended Range Tracking:

(a) Por tracking beyond the FPS-16 range mechaniem limit stop by "Nth
Time Around Tracking”, the range mechenism should be modified (according to a
simple method developed by PMR) so that the angle servos are in "coast"
while the renge servo is being slewed back to gero. When an 5,000 mile range
kit is added, this modification may no longer be needed.

B-32. Radomesi

(a) For unusually severe enviromments, a radar should be equipped
with a radome.
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APPENDIX C
MISCELLANEQUS RECOMMENDATIONS

This appendix includes miscellaneous recommendetions and suggestions
that are, in general, peculiar to beacon systems.

C-1, Beacon Range Calculations:

(). A convenient way to calculate the interrogation range, or the
regponse range, is to equate the net system gain to the free-apace
(unbounded vecuum) attenuation between isotropic antemnes.

(b). The following is such an example worked in decibels, using 1
milliwatt as the power reference and using an isotrople radistor as the
antenne gain reference. The example is for a conventional AN/FPS-16
radar and a convenbtlonal high-performance beacon of 500 watts peak power
and minus 65 dbm sensitivity (both near 5.5 kmc/s). The example is for
an wusually dlfficult situation such as an alrcraft system where the
beacon's antemma cable is long end where tracking et very low elevation
angles (about 3° end less) over the see introduces destructive interference
(multipath attenuation).

Exemple:
Redar to Beacon Beacon to HRadar
A. Gains: - - A.' Gains;
Radar’s Transmitter Beacon'e Transmitter
(200 k) = = = = - - - 83 (500 ¥) = « « = = = = = - 57
Redar's Antenna Gain - bk Beacon's Antenna Gain = = O
Beacon's Antenna Gain- O Redar's Antenna Cain - =~ b
Beacon's Receiver - - 65 Redar's Receiver(l)- - - g4
Total Gain = 192 Total Gain = 195
B. Losses: =~ B.' Losses:
Radar's Transmission .. . Beacon's Transmission
Idne = = = & = @ « = = 2 Line = = = = = = = =~ - - 6%
Redar's Beam Crossover- O Beacon's Antenna Nulls(h)- 6%
Atmosphere.(200 n. T Atmosp .(200 n.
Miles) 3$ ------ 3 , I‘dile:&;)}egse -------- 3
Multipath.(At low ) Multipath.(At low
Angles) = = = = = = = 1% Angles) = = = = = = = - = 1O%

| C-1. )
]




D.

E.

Example: (Cont'd)
|

BeacoP&? Antennas

Radar's Beam (ross-

Nulls - o e o= B QUEY “ = = m m w oo w = - Q
Beacon's Transmission Radar's Transmission
Line  w o o = e = - - HF Ling = = = = o « w « =~ =« ]

Total loss = 29 Total loss = 28
Margins: c.! Marging:
To Reduge Reply Delay To Redugce Tracking
Brrors. 2) a m - .- Nolse ) 6%
et Gein: (A-B-C) = 157 db D.' Net Gain: (AWB-C') = 157 db
Fquivalent Range (5){(6)(T) 5.' Equivalent Range (5}{(6}(T)

= .1.65 I‘l-mi- "_"3.65 h.mi.
(or 190 stuni.) (or 190 st.mi.)

fiotes: L
¥  Value arbitrarily assumed for purposes of illustration.
(1) Assumes the wide-band receiver used and assumes sensitivity nmeasured

(%)

(5)

- 15k9.

at 0db S/N, which proyides only merginal tracking. Good tracking
requires a margin of at least 6 db S/N and high precision tracking
requires a mergin of at least 18 db §/N. Tracking precision (and
consequently accuracy) Ilncreases with 5/N up to about 30 db s/N. 1t
should be roted that a S/N adequate for marginal tracking usually is
not adequate for the initial target scquisition. See B-28.

A mergin of excess S/N at the beacon's receiver output is desirsble
for reducing reply-delay variation and jitter, thereby increasing
range measurement accuracy. '

First approximabtion (for stenderd atmosphere). Other sources of
attenuation that should be consldered are Rocket Flame, Re-entry
Ion Sheath, and Rain {which varies fromabout 0.025 to 0.35 db/N.Mi.-
see Radio Wave Propagation, Consolidated Summary Technical Report of
the Committee on Propagation, RDRC). It should be noted that, in
addition to attenuation, a cloud of raindrops causes random scatber-
ing of a wave such that some of the randomly scattered wave eppears
as noise in a receiver. This noise can degrade the net S/N of either
the beacon's receiver or the radar's receiver, or both.

Include cross-polarization effects (including reversed-sense circular
polerization components) and Faraday rotation of polarization by the
ionosphere (usually the latter is completely negligible).

For beacon range calculation, see MIT Rediation Leboratory Series,
Vol. 3, "Radar Beacons", MeGraw-Hill, I947. For data on the free
space attenuation between isotropic antennas, see "Reference Data
for Radio Engineers”, 3rd Edition; Federal Telephone & Radio Corp.,
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(6) For rapid calculationg, see BEACON RANGE NOMOGRAPH NO. AV-3U9 by
AVION, 11 Park Place, Paramus, N.J. (Published in ELECTRONICS,

Sept, &, 1959, Page 60). Also see GLENNITE Communications System
Calculstor, by Gulton; Metuchen, N.J.

{(7) It should be remembered that 6 db is equivalent to a factor of 2
in range (undeyr unbounded vacuum conditions, and approximately
8o under most conditions).

C-2. Diversity Operation of Beacons:

{(a) When a beacon/radar system is unbalanced because the beacon's
receiver is not sufficiently sensitive, an improvement sometimes can be
had by using two receivers and two receiving antennas of complementary
pattern coverage. Note that 1f the aystem is balanced, diversity re-
ception offers no advantage.

(b} Ordinarily it is not satisfactory to connect twe antennas
together directly in an attempt to improve pattern coverage because this
usually results in a two-element antenna array that has many narrow
nulls that are very deep. Any beacon power splitter for multi-element
antennas should be removable to permit single antenna operation.

(c) Ome way to provide improved antenna coverage is to have a
full diversity system by having two completely independent beacon instal-
lations with complementary antenma patferns, In such a system the
beacons are identical in all respects except that the reply delays
differ. The radar operator selects the beacon reply that is the best
one at any given time,

{d) Ancther way to provide improved antenna coverage is to install
two complementary antemnas and a SPDT signal-seeking switch that hunts
continuously until a satisfactory signal is received., The switch must
have high speed, a long life under repeated cyeling, and a low mismatch.
It may be necessary to inhibit the beacon's transmitter during each
switching operation to avoid a damaging mismatch, For posaible use with
such a switch, beacons should be provided with a signal to indicate
recaption of a satisfactory signal and should be made so that a momentary
shorting or opening of the line by the switch would not damage thea
beacon, If the latter cannot be done by means of a load isolator, or
other means, it may be necessary to provide for the use of an inhibiting
signal from the switch,

(e) Sometimes the beacon's duplexer loss may be excessive such
that an imp¥ovement can be had by removing the duplexer and using separate
antennas for the receiver and the transmitter.

C~3. Long-Line Effect:

(a)} Beacon magnetrons generally are very sensitive to load mismatches.
When the load is at the end of a transmission line many wavelengths long, the
sensitivity 1s greatly increased. Because of the difficulty of maintaining
a sufficiently small and constant mismatch at the beacon, the beaton should
incorporate a load isolator, such as a ferrite unidirectional coupler,
at the magnefron output. When this is not done, great care should be
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taken to keep the transmission line short and the VSWR very low. Some
installations not having a losd isolator have used a "line-atretcher" to
adjust the phase of the mismatch to a favorable value. This often is un-
satisfactory because the electrical length of the linﬁ changes with tem-
pergture. A logd {solator is best incorporated into the duplexer. It is
desirable that bescons be able to tolerste a VSWR of at least 1.5/1, and
preferzbly 2/1 of any phase, and with any transmission line length up to
severel hundred wavelengths. For deteils on the Long-Line Effect, see

MIT Rodistion Leboratory Beries, Vol. 3, titled "Radar Beacons", P 265-267,
MeGraw-iill, 1OLT, T

C-4. Beacon Antenns Studies:

{a) 1In 1956, the U. S. Army Signal Corps, avarded a 5 part study con- R
trect (DA-36- 050-50-71305) to Stenford Research Institute, of Menlo Park,
California. The 5 tasks are: . :

Task T . “Criteria for Selecting Beacon Antenns Systems for S
Missile Tracking et White Sands Missile Range"

Tesk IT_ ~_ "Research Investigatlon of Beacon-Tracking Antennas
For Redstone Missiles at White Bands Missile Range'

Task III = "Research Investigation of Beacon-Tracking Antennas
for Drone Alrveraft at White Sands Migsile Range"

Task IV - "Regearch Investigation of Beacon-Tracking Antennas
for Aercbee~Hi at White Sands Missile Range"

Task V- "Study of General Provlems of High asltitude Beacon
Tracking of Missiles”

As of June 1959, final reports on the first four tasks had been sub-
mitted. QCopiles of. the reporis may be obitained from the Armed Services _
Technical Information Agency (ASTIA), Arlington Hall Stetion, Arlington 12,
Virginia.

C-5. Reply-Delgy Changing:

(a) As was discussed under 2.28, one purpose of the reply delay
Is to permit separation of beacon andAskan_raturns. In some instances it
is desiradle to guickly change the delay value. For éxample, consider a
beacon in a missile on.a pad near a large gantry creme. If the skin return *
Trom the gantry is so large that the freqpency offset does not prevent it
breaking through, and if the. range is such that skin return interferes .with
the beacon's reply signal, then the qulckest solution ususlly is to switch

the beacon's reply delay to another value.

C-6. Redar Béscon System Studies:

(a) The U.S. Army Signal Corga awarded a broad .:tudy contract (DA-36-030-
SC-T30%8) to. Armour Research Foun %Lon of Tllinois Institute of Technology,
Chicago 16, T1linois. As of January 1959, eight gquarterly progress reports had
been submi%ted. These should be availshle through ASTIA.

C-4
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APPENDIX D

REFERENCES & BIBLIOGRAPHY

RADARS & BEACQONS IN GENERAL:
M- O

{a} "Principles of Radar ", MIT Radar School Staff, MoGraw-
H111, T9L5 —

(b) MIT Radiation Laboratory Series (Particularly Vol 1
and Vol 3}, McGraw-~Hill, 1947

{c) "Introduction to Mon,opulse" BPonald R, Rhodes, McGraw-
Hill, 1959 . C e .

INSTRUMENTATION RADARS AND BEACQNS:

(a)} IRIG Electronic Trajectory Systems Cstalog (IRIG
Secretary, whlite sands Mi33118 Range, New Mexico)

Vol I: Trajectory Systems R
Vol IA: Trajectory Systems (Confldential)
Vol II: Radar Beacons (Specifications) .
Vol IIA: Radar Beacons (Comparison Charts)
Vol ITB: Radar Beacona {(Confidential)}

(b) "Signal Corps Transponders arnd Associated Equipment"
by U.S. Army Signal R&D Lab,, Ft,Monmouth, N.J., 1 May 1959

(c Beacon Study Contracts - (See APPENDIX C, paragraphs
C-ly and C-§)

AN/FP3S-16 RADAR CHARACTERISTICSEAND TEST DATA:s

(a) Barton, David K., "Accuracy of a Monopulse Radar",
1959 Conference Procsedings, IRE Professional Group on
Military Electronics, pages 179 - 186.

(b) "Final Report, Instrumentation Radar AN/FPS-16(X¥-2)",
Contract NOas Lh-Bb3c; RCA, Moorestown, N.J. (%o be pub-
lished early in 1960},

(¢) "Final Report, Instrumentation Radar AN/FPS-16{XN-1}",
Goggract DA~ 36103q-DRD 151 RGA, Moorestown,‘ﬂ.J.,‘Harch
1958, .
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(d) "AN/FPS-16 Instruction Manual", NAVAER 16-30 FPS16-50,
U.S8. Navy Bureau of Aeronautics, (5 Volumes totaling 12"
thick), (ADDENDUM 1, in a 6th Volume, covers Kit for con-
verting the range mechanism to 1,000,000 Yards,)

(e) "Evaluation of_ the AN/FPS-16 (System Nr 1) at WSMR",
U.S. Army Signal Missile Support Agency, Technical Memo-
randum 606, .Feb 1959, WSMR, N.M. .

(f) "The.Acguracy of Atlantic Missile Range Instrumenta-
tion", AFMTC TW-58-16,; 15 Dec 1955,

(g) Barton, David XK., "Sputnik Il as Observed by C-Band
Radar” Preaented at National IRE Convention, N.Y.,
March 2&, 1959 {7 pages),

(a)} IRIG Glossary of Terms (In preparation), IRIG Secretary;
White Jands Missile Range, New Mexico,

PROPAGATION ERRORS:
oy = — S — S

(a) "The Refraction Correction Developed for the AN/FPS-
16 Radar at White Sands Missile Range", U.S. Army Signal

Mié&ile Suppont Agency, Technical Memorandum No, 577, Nov
1958, . _

(b) "Technlical Prssentation at Jolnt Session of Data Be~

duction and Computing, and Electromggnetic Propagation '
Working Groups of IRLIG', 16 Oct 195 (65 paged), IRIG .

Secretary, Wnite Sands Missile Range, New Mexlico,

{c}  "Electromsgnetic Theory", Stratton, McGraw-Hill, 1941,

(d) "Optics", Sormerfield, Academic Press, 195, ;

{e} "Propagation of Short Radio Waves", Kerr, (MIT Radia- . .
tion .Lab Series, Vol 13J, McGraw-Hili, 1951

"PRECISION" . AND "ACCURACY" IN INSTRUMENTATION:

(a) See D-Ii(a) above.
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(b) "Design & Use of Instruments and Accurate Mechaniem",
T, N. Whitebead, Dover Publications, 195WF.

{e} "An Introduction to Scientific Research", E.B. Wilson, Jr.,
MeGrew-Hill, 1952, -

(d) "Instrument Engineering", Draper, McKay & Lees {3 Volumes),
MoGraw~Hill,

(e} 'Introduction to the Theory of Error”, Yardley Beers, Addison
Wesley Publishing Go., 24 kaition, 1958,

(£) "The Theory of Measurements", A. Palmer, MeGraw-Hill, 1912,

Shatistical Anslysis of Data:

(a) "Mathematics of Statistiecs" (Vol. I and Vol. II), John F. Kenney,
Van Nostrand, 1947,

{b) “Elements of Statistics", E.B. Mode, Prentice-Hsll, Inc. 19%1. .

(c) "Statlstical Methods for Research Workers", R.A. Fisher, Hafner
Publishing Co., 1950.

(d) ™The Critical Examination of Empirical Bguations", U.8. Naval
Ordnance Test Station Technical Memorandum No. 291, Nov. 1951,

(e} Morse & Grubbs, "Variate Difference Method”, Annals of Mathems-
tical Statistics, 18, No. 2, pp 194-214 (June 1947), (The Journsl of
the Institute of Mathematical Statistics, Baltimore, Md.),

(£f) (See D-6 above),
D=8 Pola;:r.j_iza.ﬁion:_ 7
(2) "Antennas" by Kraus, McGraw-Hill, 1950,

{b) IRE Standard 50 IRE 24,81, Proceedings of the IRE, Nov. 1950,
page 1266,

D-9 Integ'?ateg Rader Range Instrumentation Sg stems :

(a) Five Reports on MINSTREL Study by RCA, for Signal Corps (Contract
DA36-039-8C-T853) (Task Report No. 2 wae published late in 1959),

*¥The reader is casutioned to distingnish between the three experimental ver-
sions of AN/FPS-16 and the production model. See the second footnote of the
Introduction of this document, and see a-42.

D-3




APPENDIX D (Cont'd)

D-10 Inter-Range Instrumentation Group

(a) "IRIG, Inter~-Range Instrumentation Group; History, Punctiong

and Status 1959 by B, W, Pike; presented at the IRE "1959 Nat{ional
Symposium on Space Electronics and Telemetry", San Franclsco, California,
28~30 September, 1959, This paper is scheduled to be published in

the IRE Transactions on Space Electronics and Telemetry., It probably
will be in the March 1960 issue,

NOTE: After the above paper was prepared, the Commanders' Conference

(in March 1960) added as a Member Range, the Alr Force Flight Test
Center (Edwards AFB, California) and deleted the WSMR resident organi-
zations AFMDC and NOMIF, As a result, full membership in the Commanders'
Conference, the IRIG Steering Cormittee and the IRIG Working Groups

1s now limited to the six Member Ranges: AFFIC, AMR, APGC, NOTS,

PMR and WSMR.
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