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DEVELOPMENT OF A LIGHTWEIGHT
DISTANCE-MEASURING INTERROGATOR

PART I

THE MODEL DIC INTERROGATOR®*

SUMMARY

This report describes the results of teats conducted at the Technical Development Center
of the Civil Aeronautice Administration with tha modael DIC distance-menasuring interrogators
developed by lhe Nutional Aeronautical Corporation. The Model DIC interrogator provides
continuous indicetion of distance from a selected ground station, It ls composed of & receivar,
distance indicator, tranemitier, and aaeociated digtance-asarching and -tracking clreunlts.
Typlcal parformance data for equipments developed undar the contract are presented, along
with the rasulta of teutu made L0 determine compliance with the developmant apeclfications.

INTRODUCTION

The dirtance~menasuring egquipmant (DME)} deacribed in this repert is intended as a
component part of the civil-rnllitary common syatem for air navigation and traffic control.

Ita development was pponscrad by the Air Navigation Development Board as & part of ite pro-
gram for lmprovement of the component parta of the common ayutem,

The Model DIC interrogator provides 100 oparating channcls through the use of 10
tranamitting frequanciaa, 10 receiving frequencies, and 10 pulse-multiplax modes., The chan-
nellng aystem used has besn nmploymil in all 100-channal DME interrogators, and"it has heen
dencribed in severa]l aarlier raporia, +2:3 Table I shows the DME-VOR-ILS frequency pairing
and channeling plan. .

Tha Model DIC interrogator wos developed to meet the raguiramenis of Specification
TD=12% which has been included in thie report aa Appendix I. The contractor for this devalop-
ment was the National Aeronautical Gorporatlon, Ambler, Pennaylvania, The contractor chose
to puraue o different approach to the equipment deaign for compliance with the specification in
the Modal DIC intarrogator from that which was used in the Modal DIB interrogator which was
described in n previous report.® Am a reauli, the Model DIC interrogator incorporates a num-
bar of design featurens not required by the apscificetion and not incorporated In the Model DIB
equiprent. The mors algnificant of theme ara: (1) remote channel aelaction, {2) cryatal control
of both tranamitter and receiver, (3) dual-scals distence indication, (4) Incrensed accuracy,
25} putomatic transmitter— and receiver-sansitivily reduction on short-range operation, and
6) codar and dacoder wdlng magnetoatricilve delay linen.

#Manuscript wubmitted for publicatlon August 1956,

lp,c. Borden, G, G. Trout, and E. G. Williamas, "UHF Diatance Mcasuring Equipment
for Alr Navigation,'' GAA Tachnical Developrment Report No. 114, June 1950,

IR, C. Borden, G. G. Trout, and E, C. Willlams, "Evaluation of 100-Channel Diatance
Manguring Equipment,' CAA Technical Develapment Report No. 119, July 1950,

3Tobn R, Hoffman and Robert &, Carlson, "Davelopmenta in DME Intetrrogators,” CAA
Tachnical Developmant Raporl No. 212, June 1953,

4Cprl C. Trout and Warren E. Haworth, "Developmant of a Lightwelght Distance-
Meusuring Interrogator, Part [, The Madel DIB Interrogator,” CAA Tachnical Development
Report No. 228, December 1956,
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The DME operating—hannel number is indicated for each YHF paired frequency. & YHE

facility {Tequency is obtained for a piven DME coperating channel by adding the YHF megacycle units and decimals in the
horizontal and vertical lines.
kY HE radic frequency 108,B Mc not scheduled for asasigmment to localizer service, Correspondmg DHE Channel 1 to be
assigned to amergency service,

Guard bands have been assigned between 960.0 and 962,25 Mc and between 1212.25% and 1215 Mic,



EQUIPMENT DESCRIPTION

Subseguent to and reaulling from the development of the Model DIC interrogator, the
contractor made avallable for civil aviation an inlerrogator incorporating the design festurca
of the Model DIC aguipment and degignated as his Model UDI-1A. Thia lnierrogator has been
lewted, and 1t has been found to show a marked improvement over the Model DIC eguipment in
asveral Important characteriutica, The major improvements nre batier reliabllity of operation,
increaued iranamitter-power output to about one ldlowatl peak, and improved receivar panuitlv-
ity and signel-to-nolse ratio., These lmprovements wete made by minor circult and component
changes aa the components became availabls, and more important, by better manufacturing and
tmating tachnigquen aus production peraonnel acquired skill. The originnl Model DIC units
delivered under the developmaent contract included many unlque design characleriatics which
cnhanced the operatlonal rellabllity of the sguipment. The later commercial Model UDI-1A
intarrogators have baen grantead a Clvil Aeronautics Adminidtration type certification for air
navigation,

Tha complete Model DIC Interrogator has an installed walghi of 32.8 pounds, less
interconnecting cables. It im shown in Fig, 1. The welght and size of itk components are
linted in Table II.

Fig.1 Model DIC Interrogator Gomplete with Accensories

The total weighi ahown In Table II does not include 1tha walght of the necesaary
lnterconnecting cables which vary in length, depending on the installaiion. Becuude acparate
tranamltiing und reeslving antennan ara usad, two antenna cables are requirad. Thaaa cablea
ara nolid, disleciric, coaxial cables of approximalely 50 ohma surge impedsancas, usunlly
RG-5A/U cable; however, in inuiallations requiring longer antenna cables, RG-B/U has besn
unnd and ie recommended. The anlenna connactors at the interrogator prapar and wil the anten-
nas are Type BNG, and Type UG-88/U or aimllar fittings are used with RG-58/U cable.
Aduapters or apeclal fittings are raguired whan larger cablea such ax RG-8/U are vaed, Inter-
connecting witing or cable 1a requlired between the maln unit and the channel aslector, indicator,
and OFF-ON swltch. Minlmum size of this wlring ahould be No. 20 AWG, and it ahould be
larger for lengths in axceuwn of 20 feat or for 13.5-volt inpiallations.

The primary power source of tha interrogator is 27 volts dc or 13.5 volte de, depending
upon connactiond made withln the unit. The changa from one voltage to the other is made by
changlng acldeted-wire straps on terminal boarde in the conirol unit, power-supply unit, and
shockmount, Power consumption iz 6.5 mmpares ut 27 volts snd 13 amperas at 13.5 volia,

Reliable or "airline" type tubea have been utilized in ihe circult design wherever poausible
to improva reliability und stablilty of aquipment parformance. Thie inlerrogator employs a
lotal of 35 tubca, 30 of which are ruggedized reliable types. Of the remainlng 5 tubes, 2 are

thyratrona and 3 are tranamitiing types.



TABLE II

SIZE AND WEIGHT OF COMPONENTS OF MODEL DIC INTERROGATOR

Component CAA Type No, Length Width Height Walght
{inchea) {inchea) {inchea) (pounda)
Interrogator DIC 23 1/4 4 15/16 7 3/4 25,5
{muin unit)
Channel Salector DIC/1 25/8 z z1/2 0.4
Dimtance Indicator DIC/2 41/2 31/4 31/4 1.8
Transmitting Antenna DIC/3 11/4 11/4 13/4 0.1
Recaiving Antenna DIC /4 11/4 11/4 31/4 0.1
Shoclanount Asgembly DIC /5 26 3/4 57/8 93/16 4.6
Antenna Pluga - - - -— 0.1
{4 raquired
Indicator Plug - - - _— 0.2
(1 requirad)
Tatel 3z.8

Circults are included in the Model DIC interrogator for reducing the transmitter peak
power output and recelver penaitivity to eliminate or reduce multipath or echo effects when
flylng within a faw milas of & ground statlon, Both transmitter power and recelver-senaitlvity
reduction ate adjustable. Zero to 10 decibal (db) reductlon im available for the transmitter
power, and nero to 20 db attepuation for recelver nenwitivity. These reductions are automatic
in that they are accomplished by the range Telay when the range ayitch in set to the ghort
(20-tnlle) range,

The major characteristica of the Model DIC Iinterrogator are given in Table III.

The mechanical construction of the interrogator im such that the several commponeni parta
of the unit are fastenad to a metal atructure or "backbone.' All mechanical and electrical
connectione ure made simultaneoualy with famtening, allowing the component parts to be intar-
changed or serviced separately for convenience. A vlew of the intarrogaior unit, partially
dlsasgemblad, in shown in ¥ig. 2. The backbone with the channel-aelector unit, range unit, and
racaiver Iin place, i shown at the laft, Tha power-supply unit 18 shown in the canter, with the
transmitter unil at the right. Each of these unlta is discumsed in the following aection,

Tranamitter.

The trapgmnltter of the Modal DIC interrogator s ihe diract, crystal-controlled type; that
ia, the output of a cryatal-controlled cacillator la multipliad and amplified to produce the ra-
quirad radlo-frequency output. Becuuwe ximultansous amplification and fraquancy multiplication
in & alngle vacuum-iube dlage are difficult st UHF with presant tubes and techniquea, amplifica-
tion of the signal to nearly the output-powar level in accomplished in the enrlier atnges of the
transmitter, Later atages mulliply the frequency to the fina] tranemitting frequency,. A block
diagram of the tranamitier la shown in Fig. 3.

The cryntal oscillator utllizes o Butler overtone oaclllator circult with [fth-harrnonlc
mode crystals in the [requency band of 80,292 to 82.26T megacycles (Mc), Ten cryatals are
provided, and the crystal in use Is switched by the channel-aslnctor mechanism. The output
of the cacillator atage 1s applied to the grid of the following stage which has its plate at wero de
potentinl; and 180-volt negative pulsen, 2.5 microseconds in duration, are applied from the
modulators to tha cathode sro that s pulsed rf cutput iu generated. The following four atagew of
ithe transmitter are supplied with de plaie and acreen voltages and are blased so that output
Pulscu are produced only when grid driving power lu presani and no pulss modulation of these
ptages im necessary,

The GANSWA ampllficr stage aperates straight through, and the last threc stages of the
lranamitter are frequency multipllers, doubling, tripling, and doubling in that order, to produce
r{ output pulacm of 12 times the cryatal-overtone [requency of from 500 Lo 1000 watte panl



TABLE 1l

CHARACTERISTICS OF THE MODEL DIC INTERROGATOR

2.5 microseconds
20 to 30 per necond (adjustable)
200 miles and 20 miies (nautical or atatute)

Interrogator Pulss Length
Intearrogation Rate
Maximum Distance Ronges

Minimurm Tranemittar Power 300 watts peak on 200-mile range, 50 to 300 watts
peak on 20-mile range (adjustable)

Minlmurn Recaivar Sansitlvity -75 dbm on 200-mile range, =55 to =75 dbm
on 20-mile range (adjustable)

Intermediate Frequency L5 magacycles

Memory 15 to 20 acconds

MNoneynchronous vibrator typs

Plate Power Supply
{integral with interrogator)

Recelver

Tranpamitter

Tranarmiticr Cryatals
Recelver Crystals

Recelvar Mixer

Antennan

Encoding Delay
Dacoding Delay
Diatance Indicalor

Diatance Accuracy

Supsarheterodyne with crystal-controllad local
osclllolor sourca

GCryatal gacillator, multiplier, amplifier type

Fifth mode operatlon, 80.292 to B2,167 megacyclas
(10 used)

Fifth mode operation, T5.844 to 77.250 megacycles
{10 useq)

Garmaniumn tdioda, Typa 1NT3

T ranamitting, onea-quarter wavelsngth, vertically
polarized; receiving, one-quarier wavelangth,
veriically polarined

Nickal magnatodtrictive lina
Nickael magnetostrictive line
270* dc instrument, hand-calibrated

&0.%5 mile or &2.5% per cent, whichever is greater

Nwnber of Tuben s

pulés powar. Tha lanrt three transmitter stages lncorporate trimmaer capacitors mechanically
linked to the channel-aclection mechanimm to tune them accurately to the sclected channpal,
Tracking adjustments alro are included for each of these three stagas. One-gquartsr-wavelength
renonant cavities are used for luning in the plate of the Type 4X150A tripler stage and in the
grid mnd pints of tha Type 4X1%0G output-doubler stage,

Reductlon of the tranamltter-output power in accomplished by adjustment of the
transmliter blae dupplind to the lant four atages of the tranamitter and is awitched for long and
uhort ranges by the range-mwilching relay in the range unit.

Receiver.

The receivar udnd in the Model DIC interrogator is the superhelerodynes type with direct,
crysial-controlled, local osclllator signal. A block dlagram of tha receiver in shown in Fig. 4.
Tean fifth-harmonic mode crystals are provided in tha frequency band 75.844 to 77.250 Mc,
and the proper cryslal o wwitched into the circult by the channel-gelector machanlam. The
crysial-overtone frequencies are one-slxteenth of the raquirad mixer-infection frequency for
25 Me abova the receiver band of 1188.% to 1211.0 Me, The output tank of the Butler oscillator
circuit is tuned to twlce the crystal-overtona fragquency, which then is quadrupled by a
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Fig. 4 Block Diagram of Receaiver

germanium crystal-diodes multiplier, Typs CK-T15, The local oscillator signul ia further
doubled in the germanium-diode mixcr, and it ia hetsrodyned with the recelver algnal. Pre-
anlaction of the smignal from the antenna is provided by three one-quarter-wavaelangilh resonant
lines, with the third loop-coupled to the mixer erystal, A one-gquarier-wavelength resonant line
la provlded fgr tuning the output of the quadrupler cryatal, and 1t is coupled to the third
prasslector-tuned line and the mixer crystal,

The tedultant 25-Me Intermadlata-frequency eignal is wmplified by four doubla-tuned
pentode stagen, and it isn demodulatad by a wimple dlode detector. The grid biua for the
Intermediate-frequency stages is supplied from the range unit and gated sc that the amplificrs
are cut off axcept for about 3000 microseconda after tranamiseion of an Interrogation-pulas
palr, The amplitude of the ON portion of thin gate i controlled to adjust raceiver galn and is
nwitched for changing receiver sensitivity on long and short ranges, if desired.

A video amnplifiar and cathoda follower are included on the recelver chasals for
nmplification and coupling of the detected raply pulaes to the dimfance-mensuring clrcuits in
the range unit.

Range Unit.

Ag {n previous models, the range unit is the heart of the Model DIC interrogator lnosmuch
ns it generates all timing functions, decodea replies, and supplies a voltage output proporticnal
to diefance to the indicator, in addition to parforming other secondary functions. In lhe
denscription to follow, frequent reference to the block diagrum in Fig. 5 and the tlming relation-
shipa shown in Fig. 6 will be helpful in understanding the operation of ithe range unit. In Fig. 5,
a number of vacuum=-tube atages have hean omitted or combined with others to mimplify the
diagram and to elarlfy the explanation of the circuit. In every cese, the omitiad stages ure uacd
for clamping, amplifying, or impadance changlng.

Beacauae the mathod of meanuring distance [s through measuramant of time inlervald with
the veloclty of propagation as a standard, the accuracy of diglance 1ndicetlion is dependent vpon
the accuracy of the timing circuiis within the range unit,

To begln the complate cycle of oparation, n pair of negatlve pulaes of about 140 volts
amplitude and 2.5 microsecondd in durstion are produced by the modulatora, Because they are
the guseous type, two modulator tubes are required, one for cach pulas, with pulse-forming
natworks for establiahing the 2.5-mlecrosecond pulse length. The flrat medulater operates an
a relaxation oacillator st about 28 pulpanr per decond. A germanium diode CK-7058 10 uaed ag o
noimm wource to jitler the firlng of this tube In order to produce u random flring rate. This pre-
vents mynchronizing of alrborne lntervogators operating with a common ground traneponder.

When changing channela, the delay hetwesn pulae pairs must vary from 14 to 77
micromecondd in ateps of 7 microseconds, This is accomplished by use of a magnetoatrictive
dalay line. The magnctoutrictlye properiles of a nlckel tubs are utilized to produce an acouatic
wave which iravals down the tube at a spesd of about 5.28 mlcroseconda per inch. A driving
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Fig. 5 Simplificd Block Diagram of Range Unlt

coil and 10 pickup coila are arranged on the tube to glve the proper delay., The cutputs of the
10 pickup colls are awltched by the channel-scleclion mechanism to the mode for the channel
In ume.

In order to overcomes the rather high Inescrtion losda of the magnatostrictive delay line,
the length of nickel tublng is ingéried in the ceantar of the flrat modulator pulse-forming netwark
coll, Thia pulsa-forming network then functions additionally aw the driving coil for the encoding
delay line. The output of the delay line then la amplified and usead an a trigger for the second
modulator, The gulputs of the two modulstor tubes are combined to produca the interrogetion
pulse pair.

The bampic DMK systern is arranged ao that the diatance measurement ia always made
from the sccond interrogation pulss to the macond raply pulss. This allows the decodaras in both
the ground station and the Interrogator to receive and examine both pulman of a pair before
notifying the apuociated circuits that a correci mignal haa been recelved and allowing that signal
to pasn on to the time-measuring circuita. For this reason, a ameall emount of the eutput of the
second modulator 1a uaed Lo trigger the recelver-gats gencrating circuit and the range
phantusiron, thus enargiring the recelver and beginning phantastron delay at the time of the
second Interrogotion pulae,

The racelver gate s a pignal beginning wt Lhe iime of the arcond modulator pulee and
extending for about 3000 microsasconds thersafter. The tlrow interval of 3000 microseconds
corresponds to about 250 nautical miles. Thim gatin is used an bina on the reacelver intarmediate-
frequency atrip to turn it on and leave it on for u sufficlent time to recelive all reply signals
within the range capabilitice of the Intarrogator. At the end of this tlme, the racelver ip turned
oflf. Thia allowa an appreciable average power saving in plate supply to the recelvar.

The range phantaatron produces a conlinucualy variabla time delay from less than 115 to
nbout 3000 mlcrosecondn, correaponding in dintance from eero to more than 200 nautical miles.
Thia dulay is controlled by a dc voltage applled to the plate, and it ia linear to & very precise
dngres with respect to the control voltage, The source and gensration of thle control voltagae
will be diucusmed leiar., The phantastron in the lnterrogator uses vacuum-tube diodes for
clamping (both the start and stop wciion) and precision temperature-compenaated components to
provlde an accurata and stable linear time base for distance measurement. A shift or change of
this delay for a glven control voltage appears an an arror in range mewsurernent afier ithe unit
hes been calibrated,
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At the explration of the delay generated by the phantastiron, o trlgger coutput im furniahed
to the early and late gate gencrators. Both of these gate generatoru ure one-ahol blocking
oacillalora, producing gataa of approximataly tan microskconds duration. An LC-delay net-
work of about asven microssconds 1s inaerted in the trigger to the late gate generator so that
two gates are produced with an overlap of about three mlcroseconda, The two guies thus pro-
ducad then are fad to the aarly and Jate coincidence tubes. Thae occurrence of coincidental
slgnals to the early or late colncldence tubes then is dependent upon a reply signal occurring
during the ten microseconds durlng which these gates are prescnt.

By use of these clrcuits, it can be seen that the delay of the early and late gates to the
colncidence tubes with referance Lo the second intarrogation pulee is controlled by the
phantastron control voltage.

The operation of the range=-unil distance-measuring circuits conaiute of three conditions.
Theare have heen called "search," "track,'" and '"memory'" conditions. During the search condl-
tlon, o channel hos been saelacted and o palred-pulse interrogation leé being tranemilted by the
inlterrogator, The distanca=-memauring circuites thean, in affect, arn saarching all distances from
zero to 200 milea for a wynchronous reply mignal. Upon reception of a proper reply, the inter-
togator then ip required to change to the track condltlon. During the track conditlon, the Inter-
galor im indicating distanca continuously by remeapuring the round-trip transit time of the
pulse signale. During this condltlon, the gates are following the signnl in tirme, and an
inlagralnd dc coptrol voltage iu derived in the Tange unit Lo control their delay position as the
timne interval increasce or decreasea, I the algnal 1o loat during tracking, the Interrogator la
required to go inta the mamaory condition for a short pariod and to resume traclking if the signal
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reappears wilhin 15 to 20 waconds, This memory conditlon prevents initiation of search actlon
and loss of time in resumption of tracking by holding the tracking gates at a constunt delay and
the indicator at Lthe last indicated correct mileage for the duralion of the mamory perliod. At
the sxpiratlon of memory, the scarch action is resumed.

It can be aeen that in the three condltlons of @acarch, irack, and memory, the phantasiron
control voltage s derlved in & dlfferent mannar for each conditlon., A sesrch-track relay in
uded lo iranufer thea control grid of the asrvo-umplificr lube in w Miller run-up circuit from
nalf-controlled to externally controllad operation. During search, a large capacitor coupling
lts grid lo ilu plate ia charged slowly from a negative voltage source through a high resistanca,
The action causesn the phuntastron control voltage and the time delay of the sarly and late gotes
io increass. This increass, beginning at'a control vollage corresponding to wormewhat below
wzero miles, rinep to n voltage corresponding to more than 200 miles In approximuately 30
saaconde, Io thia meaoner, the gataw ars caused to search from zero to 200 miles In 30 seconds.
Reacnupe the Indicator meter 1a connected to the phantastron control voltage, Lhe pointar aweapn
slowly {rom zero to 200 miled al the aama time.

Contacts provided Io the indicator meter clowe when the polnler reaches full ucala. Thane
contacts nre commected to the Miller run-up capacitor mo that upon claping they quickly discharge
il, cauning the phantastron conirol voltage, early and late gate delay, and the indicator to return
quickly to mero. Thls quick return is called "retrace,"” Immedlulely upon returning to rero,
the cycle ia rapaated and anolher waarch from zero to 200 miles is hegun. Thia search and
retrace actlon continues untll a reply slgnal i recelved wnd the range unlt "locks on;" that is,
changea to the track condition,

Ap aoon ap a synchronous reply signal is racelved, 1t lg necessery to determine 10 1t i of
the proper apacing or moda. This daccoding is accomplished by use of a magnetoatrictive delay
line similur to that dedcribed ecarlier for producing the inlarrogation or tranemitted pulss
upacing. The reply-slgnal spacing, like the interrogation spaclng, {s from 14 to 77 micro-
seconda, in multiples of 7 microseconds. From the oulpul of the receiver, thaee pulase ara
amplifiad and delayed through the magnetontrictive line. The line han 10 plckup colla with the
one in use aelectad by the channel-selaction mechanlisam, so that a delay is insertead equal to the
upacing axpected on tha chunnel in una, Along with the undelayed raceiver video, this dalayad
video sigmnl is applied to the colncidence tubes.

Two tracking colncidence tubes are provided, and both are adjusted to require almuliencoua
application of three signala to sscure output. The sarly coinclidence tube requires an undelayed
video pulue ot [te control grid, & deloyed video pulae at lta suppressor grid, and the early gate
nt its screen grid. The conditions for the late coincidence tuba are the aama axcept that the
lnte gate in appliad to ita mcreen. The cutputs of both coincidence tubau are coupled to ithe pulsn
detector mo that colueldence oceurring in elther or both tubes will trigger the pulse detactor.
The pulse-detector output, whan ractifiad and amplified by tha realay amplifier, will operata the
aearch-irack relay and will tronsfer control of the servo-amplifier grid to the output of the tlme
diacriminator.

The lnput of the Hime diacriminator is connacted to the cutput of the colncldence tubes so
that the putputs of the iwo tubes arc compured, Equal aighale at the outputs of both colncldence
tubes will result in zeTo output from the time dircriminator, but wigoals wimultansous with
rithar the sarly or the lale gote alonc will result In 2 negotlve or o posltive voltage, respective-
ly, ot the grid of the servo-amplifier tuba, Thir voltage than will charge or diuchurge Lhe grid-
plate capacltor of the saervo tube, altering the phantestron control valtage and the delay of the
early and late gaten. Thia action iuw o mathod of automatic tracking which keepa the three-
microseacond ovarlap of the ecarly and late goated centered on the aecond pulse of the reply algnal,
because the tiime of the second pulae is the only time all three signala are prasenl at tha
coincidence tubas.

The de cutput of the pulse detector alac in used to charga the mamory capacilor., Thiu iu
u large capacilor wlth exceptionally low internal-leakege renlstance, and it is usned to malntain
the blas on the grid of the reluy-amplifier tube during elgnel Interruptions of short duration.
Retention of this blas for periodn of 10 io 20 sasconda prevents the wcarch-trock relay from
oparating, Thisw provides the function of memory. Because there is no appraciabla oulput from
the colneldence tuben to produce tracking=-conirol voliage during signel loss, the tracking gates
and the distance indicator remain stationary until the memory-capacitor charge hau leaked off,

The distance-measuring wystam includes a Lhird reply pulse which is transmitted by the
ground station for purposes of confirming the identificatlon of the transponder in uae. Thin
third puise is keysd at the ground station in wynchronlam with the Morse Code idantification of
the ansociated VHF navigation {facillity, and it occurs 10.9 microseconds after the second reply
pulae. An identity detactor and a pulss umplifier ure included in the range unit for Indicatlon
of tha presence of thia ldentification signal. The indication im made by means of a neon lamp
which can be mounted remotely from the interrogator,
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A asties-regulator tube with lls wesociuled reference tube and control amplifier alao is
ingluded in the runge unit for accurate regulation of the plate supply to the phantastron and for
utablllzatlon of the delay produced by this circuit over wide Umits of primary input voltages.

Power Supply.

The plate-powsr requirementu of tha interrogator are supplied by o slngle nonsynchron-
oua vibrator and trunsforrner with several ractifiera for producing the regquired voltages. The
280-volt poaitive plate wupply iw reclified by two Type 6X4W, high-vacuuwn, miniatura racliflera
In a [ull-wave clircult. The remaining threc ractifiers are encapaulated selenium unita as
followa: (1) two rectiflers in a half-wave doublar furnishing 2700 volta positive for trandnitter
high volimge, (2) wingle hulf-wave unlt furnishing 440 volts nagative for transmitter bias, and
{3) ningla half-wave unit furnishing 500 volts pusitlve for modulator plate voliage,

Because the Type 4X 180G fube wued in the output stage of the Lrunemltter required 2.6
volis ac peak For ita heater, it was necessary to derive this voltage from a upacial windlng on
the vibrator transformer. The haaters of all olher tuben are operatad in a aerica-parallel
patring from the primury de power gsource.

A 15-gecond tline-delay relay is providad io delay the malor load on the vibrator by
delaying application of lhe heater voltage to the Type 6X4W plate ractifiers and the Type 4X130G
tranamlitter-output tube. This dalay coniributes to long, reliable vibraior 1ife by limiting the
lustantanacus haavy Joad o lhe vibralor contacts whan ithe primary powar switch iu closed,

An additionnl 60-second time-dalay reluy is provided to pravant applicatlion of pulses to the
trunamltter untll it has besn thoroughly warmed,

Pecause the primury lnput power to the intarrogetor can be elther 13.% or 27 volle dc,
terminnl boards are provided in the power wupply for changing connectionu lo the vibrator-
tranaformer primary and henter conmactions for the two voltages. A 13.5-volt vibrator 1s uaed,
with a resistor lnsertad in ilu coil for 27=-volt operation. Dual primarles are provided in tha
vibrator trenaformer with series or parallal operation, depanding on the voltage of lthe power
loput. A 1/32-&1‘nperg fume ia located underneath the power-aupply chassis for protection of

the 2700-volt tranumitter high=-voltage aupply.

Channel-Salection-Control Clreults.

The channel-selection function of the Model DIC lnterrogator in accomplished in the
interrogator by rotary solenold stepping swiichea called Ledex units. These unita are used to
operate ordinary wafer switches Lo welect the proper crystals In the transmitter and Tacaiver
and to aalact the proper colls in the encoding and decoding mognetostrictive delay linea. The
aelector awitches for the tranemitter and receivar fraquencies are controlled remotely by u
awiich in the control panel, and the made wwitchea (encode and decode mpacings) are controlled
by an electirical differentlal syatem almo attached to the trunsmitter- and raceivar-irequency
Ledex unita. Thera are 10 wafers of 10 poaliions each on the ghafl of the receiver Ledex unit
and one wafar of 10 poditions on the shaft of the tranamitter Ledex unit. There wafars are
uscd to select the proper interrogaiion and reply spacings for the channel in use by controlling
the mode Ledex unil, The problem ls simplified bacausc unly 10 of the possibla 100 combina-
tions of spacings are usnad to make up Modes A through 7, with the sum of the lnterrogation and
raply dpaclngu always equal to 21 microseconda. Thuw, for Mode A, the interrogation spacing
ir 14 microwcconds and the reply apecing is 77 microssconds; for Mode T, the Interrogation
spaclng ia 77 microseconda and the raply apacing is 14 microsaconds.

A apecillc awltching ayntem was npecified for use in the Model DIC intarrogalor for
controlling the Ledex unlte from the control panel or channal eeleclor in order to conform with
channel-salector units alrewdy produced for VHF pavigation receivers which Incorporated
switch wuferu for uae with DME interrogatora. This uyatem allows the use of a commun
control head for selecting the correct pulred DME channel aimulianeoualy with selection of a
VHF navigation frequency, The palring plan, Table I, i [ollowed in selecting the channel of
operation of all DME ground siallons. For this reasomn, only the VHF {rcquency inuse in
markad on the conlrol=head dlals.

The specified switching aystemn requires that a wire be grounded for each consecutlve
pair of whole-megacycle ateps of ithe control for DME use between 108 and 117 Mc. An auxil-
iary wafer then iu provided to indicate odd or aven whole-megacycle steps by aupplying a
ground on tha odd-mceygmcycle steps. An odd-sven relay lhen la required in the inlarrogalor o
poaition the recelver Ledex atepping unil Lo the odd or sven whole-megacycle atep of the pair.

The uwitching systern also requires that onm of tén wires be grounded for emach one-lenth-
megucycle step of the contral, and thid ground is used to position lhe trandmmltter Ledex stepplng
unit, This wyatem allows the selectlon of any ona of the 100 available channels wilh 16 wireu,
10 for the one-tenth-megacycle stepa, and 6 for the whole-magacycle aleps.
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In mddition to selection of tranamitter cryatals and the mode-diffarentinl switch, the
tranamitter-stepping unit ia connectad mechanically through gears to a ahaft in the transmitter
fur powitioning the trimmer capacltors In the lasl three stages of the transmitier. Thia
arrangemnent allows the tranamitter to be adjusted for optimum outpul over a wida range of
[requencies,

All of the Ledax unlta In the interrogator are arranged wlth apllt windinge in ithe aolencid
driving collx ao ihat » sariag connection of the two wlondingu is usnaed for 27-volt operation and
a parallal connaction is used for 11.5-voll operation. A terminal board is included In the con-
iral unit on the lnterrogator to allow this connection change by soldering wire jumpars hatween
the corract poatn for each primary power voliege, A fuse ia provided on tha dust cover of the
channel-selection mechanlam for protaction of the colla of the Ledex unitu. Thin fuse i
accessible wilh the dust cover in place. lie ruting depends on the power-source voltage in use.

Migcallapeous.

A compartmaent st the raar of the ahocktnount wesembly how baen used to house n
cantrifugal blower unit which lurnishes circulating air for cooling. Alr clirculatlon is requlred
to cool the Typa 4X 150G tranamitter-cutput tube and to improve heat dlasipation from the
remainder of the unit.

A scocket lo provided at the rear of the shockmount to receive an optlonal reley for plecing
the lnterrogator in a atandby conditlon if & YHF navigation frequancy above 117.9 Mc in analactad.
Thin function is not needaed if the inlerrogutor i uvded with the channel-selector control head
furnished with tha unit, In this case, the relay is replaced by u shorting plug. If it iu dasired
lo oparate the interrogator with a common conirol head in conjunclion with a VHF nevigation
recelver, the whorting plug ia replaced with the relay.

The tranamitter and recelver of the interrogator are designed to use separate antennas.
Two are furnished. Thess antennas are simple one-quarter-wavelenglh stubs of alightly differ-
ent lengihe in accordance with the center frequency of thelr respective bandu. No epeclul
matching stubs or sectlons ate neceded because the lmpedanca of the antennas at the feed paoint,
when mounted on the alreraft akin, approximates that of the coaxial cable (32 ohmn).

A ternt receptacle is provided on the front dust cover of tha lolerrogulor which makes
avallable the video output of the recelver and the lrigger output of the sacond modulator to
fucilltate connection of an odcillpucope and aignal gencrator. This connection allows beach-
checking without removal of the dusl cover or disasuambly of the intarrogator. The 250-volt
positive plate aupply, 25-voll negative biag supply, 13.9-valt lnput, and 27-volt input nlso are
connacted to this socket for ume with external teat cquipmant if requirad,

The primary loput power to lhe interrogator is contreolled by & relay in the rear of the
shoclanount anuembly ao thal the 13.5- or 27-volt alrcraft supply 1s wired directly to the
interrogator mounting and the OFF -ON awitch which controla this relay can be mounted at any
convenient porition in the alrcraft without regard to length of leadd, No main powar-source fupe
or clreult breaker 18 included in the interrogator, and provialon for this protection muat be made
externally by the installar.

TESTS

A number of teats were periformed on the uniie, including hench tents, climate-chamber
tepta, and flight tasta, Tha banch and climate-chamber tests were conflned essontially to those
necessary to lnsure compliance with the speelfication. In the flight teals, crmphadin was placed
on puitability of the aquipmcenl daaign for application and on related factors auch na reliability,
cage of operatlon by the pllot, and over=-all performance.

Laboratory Testa,

In ordar to determine compliance with the snvironmenial and performance proviaions of
Specification TD-125, teain ware run at the contractor's plant with particlipation of representa-
liveu from TDC. A numnber of theoae tests ure dewcribed in this sectlon,

The tranamitter-pownr output was found to vary with tha channal or fraquency of operation,
ut normal primary power voltages, from a low of about 620 watts near the center of the band to
765 watta at one end of the band. The transmitter output also varied wilh the primary power or
baltary voliage, on u channel near the center of the band, from about 540 to 620 watts for a
battery-voltage change from 25.6 to 268.4 volle. The data on this {est are shown in Fig. 7. A
chack of the transmilier-power outpul from 0" G. Lo 460" C, amblent temperatures, and Input
voltage of 28,65 volta for a period of one hour, indlcated no deterloration of transmitter per-
formance. Thie teat, although in exceas of the speclflieation requirements, was made to Teveal
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marginal components, if uny, which might be induced io fall by high-voltage and high-
temparalure operation,

The recelver senaitivity of the Model DIC intarrogulor was tested for both "lock-on™ and
track. The racaivar lock-on sensitivity in each cade was the mintmum signel etrength required
to wctuile the scarch-track relay. The lrack sensitivity was the wignal atrength required Lo
meintain the unit in track conditon after locking on, The track sensitivity wag found to be
conulutently 3 db higher than the lock-on sensitivity in all leata, Thla difference in luck-on
and track penaitivity ie o condition common to all DME interrogators. It in allributed to the
foctthet a larger signal is requirced to actuate the search-track transfer relay or circalt, as
the tracking galew pogs the reply at relativaly high apeed, than is raguired to operate them when
caacntially at rest, mp during wignal tracking. This condition Is evidenced in actual {Iight opar-
ation by the ability of the interrogailor lo track a slgnal when gutbound from a ground wtation to
scveral miles greater dietance than 1t 1a able Lo lock on to the aame ground statlon whan inbound
and searching for a reply. In tha recelver-sensitivity data prewcented in Fig, 8, only the mini-
mum lock-on algnal in recorded, and in every caue the track nengitivity cun be assumed to be
3 db greater,

The recelver aenritivily wus [ound to vary ucrous the band, with the higher senaltivity
valuess ul nenr midband and the lower values near the adges of the band. A ralailvely moderate
change of receiver manaitivity was noted with change In primeary battary voltage, and n
nagligible change was notad with varintlons of ambiant temperature from 0* C, to +60° C.

The recelver bandwidth wuus found to be 1.2 Mc at 6 db down and 6.9 Mc at 30 db down,
This measurement wae made, with the intarrogator in actunl operailon, uaing a aimululed reply
uignal at the antenna conneclor of the interrogator, Thla recelver paswband, although not
rajecting adjucent chonnel algnals by receiver selactivity alone, met the requirementis of
Sperification TD-125, and it ia cntirely satinfactory in practice with the 100-channel pairing
plan shown in Table I, This tabhle showd that additional protection is affordad by a change of
saveral channels in loterrogation frequency and by o change of several tnndes to the adjacenl
recelver channal In all coses, Under thin condition of receiver bandwidth, the receiver and
range unii are requirad to oparale under mora atringent "frult" (nonsynchronous Teply nignale)
due to reception of improperly spaced and rundom sigpals from ground stations on the adjacent
raply frequencies, if relativaly close to and within line-of-sight of the wircraft position. Tha
monat axacting requiremente of parformance of the ranga unil'u scarch and tracking clrcults
would be impoued if the two adjacent reply channele were occupled by ground stationa within
runge and if both of thess ground etatlons were in uue by a maximum number of airceaft; that
1, 50 interrogailor-cquipped aircraft per ground statlon. For this reason, the fruit teals
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derscribed later ware romewhat mores asveres than would be required of intarrogetora with
nurrow bandwidth recelvers.

A test was made of the apacing of the interrogation puleen radiated by the transmitier,
Thiu teat ineurad that the eacode-spacing pararneter of the mode in use was within the llmits of
acceptance by the ground atation under all conditions. Tha mesduramants of this wpacing
showed & maximum deviation of about 0.3 mlcrosecond under all conditiona of environment
when checked on an interrogator which had beean sdjuuted normully by teet pereonnel under
production-test conditlons in use by the contractor. The only appteciable variation obrerved
wad under wmmbianl-itemperoalure varialions from 0* G, to +60" C, when o change of -0,] to
+0.3 moicrosecond was noted in the Mode J npacing (77 microaeconda), with tha mean apucing
mannured at A room temperature of 27% O, Thid variation of apacing wes the greatest
recorded, becauae the temperature effact of the magnetostrictive delay line is greatenst with
long delayns and is the largest factor in the variation of dpacing in the interrogator, It 1s
belleved thot with reasonable care In inltlal adJustment, the transmitter-pulses spacing can ba
maintainad waell within the £]-microgecond tolerance of the ground statlon under all conditions
for the grenter portion of the lifa of the interrogator, with little or no adjudtment,

The operation of the decoder was checked to determine that it accaptad the expacied
deviation from the nominel value iranemitted by the ground atation without deterioration of
performence. A further chack wau made to detarmine tha dagres of rejeclion of received pulae
prira of ad]acent upacingd (the next ledder and next greatgr spacing). The results of these
testa are plotted in Fig. 9. The maxlmum rejaction plotited iu 50 db above normal tracklng
laval, tha value gpecificd 1n Specificatlon TD=-125. At the tlme of the test, 1t wap obasrved that
in avary case a further excursion of 0.5 to 1 microuscond from the mean value gave "infinlie"
rejnction, or at least greater than the aignal avallable for test purposss.

A further test of the dacoder tolarance was mode at lemperatures from 0° G. to +60* C.
A iotul change of 0,3 microsecond wae recorded at tha Mode A or 7T-microsecond spacing In
both upper and lowaer limita of the acceptunce bande at minlmurm detsctable lavel and 50 db
whove, A correspondlngly smaller changs was noted st shortar spacinga, Thia change was
atiributed to the sbift of nominal delay in the delay Hne wlth temperature rather than to any
change in decoder nctlon.

Tha accuracy of dislance indlication of the Model DIC interrogator was found to excead
by & wide margin the armended speacification regquireaments of &0.5 statute mile or 2.5 per cent,
whichaver is greater. Error curves taken from itheoe dals are shown In Fig, 10, The maxbmurs
arrorT tacordad in this Lest did not excend 0.1 statate mile or 0.5 pear cent on the Z0-mile scala,
and | slatute mlle or 0.5 par cent on the 200-mile acale, &t 4 room temperature of 27 C.
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A ahift of diutonce indieatlon of 0.3 mile on the ahort range and 1 mile on the long range waa
obstrved when the ambient temperature chonged from 0* C, to +60° C. This change wan
approyimataly the same when the temperature was reduced from +27° G. to 0" C. as when the
nmbient temperature wau changed from +27° C, to +60" C, With caraful original adjuptment,
therefore, the error introduced by temparature changs could be held to ahout one-half the shift
recorded. The error in diulance indication with a &b=per ceant change of primary battery
voliage won negligible,

The Modal DIC Ilnterrogator waa placed in an altitude chamber and the pressure wan
reduced to check its operation at high ultiluden. The tronemitter-output pulses were monitored
continuoualy; and the search, lock-on, track, and mamory functlons of the interrogator ware
teated perlodically during gradual pressure raduction to o simulated altitude of 30,000 fext.

All functiona of tha interrogator remained normal up to 30,000 feet, when the transmitter output
became intermittent, indiceting nrclng in the tranamitter or other high-voliage circults. The
preasura in tha chamber was lowered to & simulated 28,500 feet but the arcing continued, and
the interrogator was shut off to prevent damage to the trangmitter. Upon reaching room
preannure, the interrogator was removed from tha chamber and examined. No indication of
demage or evidence of the arc-over polnt could be found, The inlerrogutor then was placed in
operation, and all functions of the interrogator were chacked and found to be normal.

A number of tests wern performed to determlne the traffic-handllng cepacity of the unit,
These teats were necessary because an interrogator, when operatlng on » ground station which
im bwing intarrogated by s numhber of other aircraft interrogators, muat be able to sort or
recognise the repliss to it own Interrogations,. In addition to replies to cther aircraft, it la
posnible that other ground stations uweing the same reply frequency may be within range of the
alrcraft, Any othar iranesponders on the same frequancy, of course, will be using anothe r mode
and recalving frequency, Thess unwanted and extranecus replisa are unsynchronieed and are
khown as frult. In the case of replies to othar aircraft from the same ground statlon, the frult
signala consist of pairs of properly spaced pulaes. In the caae of other ground atations on ihe
anine frequency, tha frult signals are improperly apaced, On a stntisticul bhoais, however,
properly spaced palres may be formed {rom improperly spaced palra when individual pulmes of
diffarent pairs baar the proper tlme relution io eich other to form the aaeigned spacing. This
process ia known as ''bunching.™

Because the avearage rate per second of interrogation for all interrogatore i assumed
to be 30, ond the maximum number of interrogating aircraft per transponder 1s 50, the
properly spaced puldes uaed in the maximum fruit tests were nt the rate of 1500 palrs per
second, Because the hbandwidlh mensurements of the receiver !ndicatad that adjacent channel
reception was posaeible and that this would allow additional frult to eniwr the racelvar, the
maximum number of improperly spaced pairp wax 6000 per second. The normal fruii lavel
was one-half of theae valusm, or 750 properly spaced pairg per accond and 3000 improperly
spaced pairs, In each case the apacing of tha improperly spaced paits wau adjuated to the
adjacent mode spacing; that is; 7 microssconds more or less than proper spacing. In all cagcs
the fruli signales wera ndjusted to be at least 50 db above the normal reply-aignal level, with
normal repliea held to minimum detectuble aignal level, The tesis were accomplishad by
simmultaneous insertlon of properly and Improperly spaced frult signals into the recelver-antenna
connectlon, in addition o the normael synchronined reply dignal for the channel In usse.

The pulse-repetition frequancy (prf) or interrogation rate was reduced from the normnal
rate of 25 t0 20 per aecond for these tests Lo wimulate the woret poseible case of intarrogaior-
prf adjustment, A large number of readinga ware taken under hoth maxdmum and normal fruii
cond{tlons to allminate the poawibilily of momentary arroneous resadings due to the rondom
nuilure of the unsynchronized aignals. Each rcading conaleted of & complete search, lock-on,
memoTy, and scarch re-initlation cycle so that all oparationsl functions of the interrogator were
‘checked, At each reading, the lock-on pariod was allowed to be of sufficlent length lo aseure
that the memory capacltor wes completely charged, so that the maximum memory period to ba
encountered In actun] interrogator use wus yenerated.

Mora than 30 readings werc taken under normal frult conditions, and 40 wers taken undar
maximurn frult conditiona, No change in interrogator-performance characteristics wua
detectable undar normal fruit conditions, Reply lock-on and track senaltivity, memory tima,
nearch time, and distance accuracy werna reacorded, The same tests, when repaated under
maximum fruit conditions, rewulted in & 4-db decrease in lock-on senditivity and an avarayw
increase in memory lime of about 2 saconds, On one occaslen, the memory tima woe Increased
ta 63 wecondu, This condiiion was not repeatad in 21 subsequent readings, however, and it was
not considerad o be a malfunction great enough to dimable the interrogutor under heavy traffic
conditipna,



17

At the conclusion of the frult testa, u more accurate method of determining pulae rate
wap armployed to check the fruit-generatlng equipmeni, It was found thal the maximum fruit
rutes actuslly wsed were 6200 Improperly apaced palte par uecond and 1540 properly spaced
palrs par second, The normal frult rates used wera found to be correupondingly high.

Flight Teate,

A numbar of instalintions of Model DIC interrogatora were mode in aircraft to evalusie
the dewiygn and performnance of the equipment in actual uss. Three of these installalions will
be described.

A temporary installation wue rmade in a Globe Swift alrcraft. The main unit of the
Interrogator wan inulalled in the haggage comportment, A wmull control bux was constructed
te housm the chunnel seleactor, muln power-control wwitch, and identity-indicator neon lomp.

A wmall pushbution awltch was added Lo allow rapld repcuted search when attempting to lock on
to n ground wilatlon at less than 100 millea distance wlthout requiring 4 aearch of ithe distances
from 100 to 200 milen. Afier dome experiance with this inalullation, this control waes not used
In later installations. The control box was mounted on o shelf ahove the baggage compartment
and within reach of the pilot,

The dialance indicator wus mounted on a bracke: below the center of the ingtrument panel,
Thia inetallatlon is shown in Flg, 11. A fuse holder for the external main fuae, mountad on a
bracket helow the lowsr right-hand corner of the inatrument panal, ia ahiown in Fig, 11 also,

All intereonnecting cubles were fabriculed and bench lesled with the inlerrogator hefore
installation so thal the lnstallation wad a simple one, and no difficully was experianced in
wiring, An exlsting one-quarter~-wavelength eiub antenna which orlginally wou designed for
use wlth the Modael DIA interrogator wak used in these tests. Becaude the Modael DIC interro-
gator was designed for uae with aeparate tranarniitting and recelving antennas, the two antenna
comnectors on the maln lnterrogutor unit were connected together und to the anlanne by menna
of two wvhort lengths of RG-58/U coaxial cable with UG-88/U (Type BNC) fittings on both andu
and & UG-274/U (Type BNC) tae adapter fitting. No difflculty was axperienced with this
anteanne arrangerment, and parformance was dutiafoctory during all of the taata,

Flg. 11 Dislance lndicator Inastalled in Globe Swift Aircraflt
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The electrical systemn in the Globe Swift alrcraft utilizes o 12-volt batteryand a
15-ampera generator. Some difficulty was antlicipatéd wilh operation of the Model DIC
Inierrogator becausw the total current drajn of the unit s approsxdmately 13 amperes when
in operation, The anticipaied difficulty did not arise, however, hecausce care was axerciaad in
the operation of the wmit; and, except for mhort periodn, the Intertogator wae operuiad alone,
with all other electronic egquipment in the aircraft turned off.

The Madal DIC interrogator was operated in this inatallation for approximately 100 hours
ol flight time. Durlng thia tlme, chasrvations were made on Lhe pearformance of the unit ae to
distance accuracy, maximum ranges at various altitudes and on differant ground stations, and
the general tellablllity and ueubility of the equipment. Thé dals recorded in ihe distence-
accuracy teate are included, along with gther flight-teat dntn, later in this report.

Early in the testa with the Globe Swifl airplane, it was considered deslrable to accomplish
modificationa to the unit, if possible, to extend the low supply-voliage limits for satisfuctory
operation. It was found that when using the 13,5-volt connectiona ta the unit, the low-voltage
opsration of the unit could be improved by shorting the 0.3%5-ohm fllament-dropping resiator
and by aelection of the Type 5696 gan-modulator tubes. Thesc changea allowed the unit to
operate satisfactorily with a supply voltage au low as 11,5 volts rather than wlth the pravioua
low limit of 12,75 volia, ;

Muximum eutbound and inbound distance ranges ware recorded on 13 ground stations,
Tha rewulte of these readings are tabulated in Fig. 12, In plotling thase dats, no consideration
wes given to the ground atation end to the direction from the ground stailon. Experlence haws
ahown that these factors, as wall ap propagetion conditions exluting at the time, lofluence thess
readinge to an appreciable degrex, The data are predented as representative of the maxlmmum
rangens to be expecisd from the interrogetor under actual operating condltlona.

During this meries of flighta, several lallures of component parts occurred in the
equipment, Thews are discussed latar, Due to the welght of the indicating insirumaent, 1,8
pounda, and to the arm with reapect to Ita attachment point (see Flg. 11), some vibratlon of the
instrument oecurred during flight, Thia i belleved to have placaed sxcesslvaly acvere shock
loads on the Instrument movement. Two indicators which falled during the tests were reinrned
to the factory for repair or adjustment. It might be aignificant that after exorninolion of these
and other indicators which falled, tha mamfacturer advised that changea have been made ln
the deaign and umsembly techniques which improve reaistance to shock and vibration. In this
reapect, appreclable fallures heave not been cxparianced with Indicatora racelved later From
the same acurca,

) ] —
I [ IV A N —_1-
ol ¢ Tohf
/
e oA 1o
X, /]
T . - - _..'ﬁ
X |
L
x° o Vad ~
E ol |-} 0| 4%
B
& 0| &
. *
! -
- [~
3 S -
§ %
1 i O = DUTBOUND MAW. CIATANCE
. 1. xl 1 | %+ inBOUND MAX, DIBTANGE ]
E ™ -"-l. & " LINE OF BIGHT DllTAHU'[!
d ! L= 1 ol USING 4/3 EAMNTHE KADIUR —
L] 40 w =] 100 120 l4g [ 14]
MAXIMUM DIATANOE IN JTATUTE MILESR Mﬂ

Fig, 12 Maxlmum Distances



19

A duul installation of Model DIC interrogutors was made in a Douglas DG=3 uircraft,
N-183, The maln interrogator unlts ware Installed in the rear of an experimental equipment
rack which extends well into the cabin of the airplane, The main interrogator location requlred
about 42 feet of cable to the conlrol box containing the channel aelector and power awitch, All
control wires in thia cable were No. 20 AWG wire; and, although contrary to recommended pro-
cedura, they permitted antirely awlinfactory oparation, The antennas ueed with both inlerro-
gatord in thie inptallation were one-quarter-wovelength broadbanded single antennas designed
for uaa with Model DIB lnterrogeloru, Connections to the tranemitting- and receiving-antenna
connectors were made with short randomn lengthe of RG-58/U conxiul cable, wilh u tan adaptar
filling to a single RG-8/U tranamisaion Jine about 18 feat long. The RG-8/U cable was used
for the 1B-foot length in this inatallation to reduce attenuation end to improve parformance.
Both indicators of the dual lnetullation were mounted on the mireraft instrument panel, They
were uned on all flights after the equipment waa placed in operation. The interrogator
connectlons were arranged for the 27-volt supply in this airplane,

Data were recorded on the parformance of this equipment, and many ocbaervationa were
mude by pilots for approxmately 252 hours of flight tima. Muximum range parformance was
similar to that of the Globe Swift tnetallation except thet at altitudes of 5000 feet and above,
longewl runges were about $ per cent lede than those obaerved in Lhe Glohe Swifl wirplane.
Distance-accuracy data wera recorded on theas interrogators on a number of test flights, and
these dota wure included lxtar. Maximum lock-on ranges of 176 atatule miles and outbound
tracking to 182 atatute miles bhave becn oblained with thip inetallation at an altltude of 10,800
feet above sen level, Thena obasrvations were made juat acuth of Loulaville, Kentucky, oper-
oling on the VOR-DME ground facility at Crosaville, Tennesgece, which ld localed on a
mountalntop with an elevation of 3048 faet above sen loval, Durlng the fllght Hine on thia
installation, more than 60 ground siailionn wera intarrogated in tha midwestern and eastern
parts of tha UTniled States, At no time was fallure to lock on or track due to frequency drift
or "mmismoding" (incorrect code or decode apacinga).

During the flight tests of thie Installollon, several equipmant fallures occurrad, Thedns
will be diwcunsed later in this report, One failure of an indicator movement was experisnced;
thig war attributed to a defect in manufacture, becauae thls alrcreft waa equipped with a shack-
mounted instromenl ponel on which the indicalorer ware mountad. This indicator was returned to
Llhe suppller for repalr, and his investigation confirmed the aspuwmnption of & manufacturing
deflect,

A single installation of & Model DIC interrogator was made in ancther Douglas DC-3
aircraft, N-182, In this installation, ths interrogutor unit was inutalled in the regular equipment
rack in the alrcraft, and the indicator ond control box ware inatalled on a panel in the cabin for
use by a [lighi=teal enginaer, This installation, ulthough requiring reletively ahort control leads
of lenm than 4 feet, required 38 [eat of calle to the antenno locatlon on the aircraft, The antennas
used were the Type DIC/3 tranamitiing antenne and Type DIC/-! receiving antenna furniehed
with the interrogator., Thedms were inatalled on ihe belly of the alrplane near the tralling edge
of the wing, The antenna eablew used In thle inwtallotion were RG=58/U coaxinl cable.

Abgut B) houre of flight time were recorded on thig ineiallation, The distance indication
and control of this Interrogator were not avallable to the pllot or copllot of the alrcraft, and
they were uned only when apecifically useful or of intercat o the flight chgineer, The general
performoncea of the equipment was below that experianced with other inetallatlons becauss the
maxlmum distances of operation did not exceed 110 rmiles at altitudes of 10,000 fast above the
atation. Maximum distances of operation at lower altitudes did not seam io be aifected as
severely, because severnal ground statlone within 100 miles of Indianapolis ware iracked cut lo
more thun 40 milas at 1000 faet altituds above the atation., The lower level of distance cover-
age of thla installatlon was attributed to comparatively large atienuation in the two 38-foot
langths of ths small RG-538/U antenna cables. Using the cable manufacturer's published data
on attesvalion of this cabla, the alianuation due to cabla losa was eatlmoted to be 7 or & db at
tha frequencles in uae. This armount of attenuation wan afiective on boih the iuterroigutlon
(transmitting) and reply (receiving) patha. It was saomewhat surprining that the performance
ohtained was not degradad to a graater extent by the comparatively large cable loss involved,

A fourth Inatallatlon of o Model DIC lnterrogator was made In o Baachcraft Bonanza
airplane, Model A-35, The main unil of the interrogulor wae Inetalled in the baggage compart-
mant of the alrplane. The sahockmount waas bolted to the plywood floor of the baggage compart-
ment, with sheet-aluminwm atiffencrs under the mountlng feet. Thae antennas uwed in this
installation were the regular antennas designed for use with the Model DIC interrogator,

Types DIC/3 and DIC/4. Thay ware installad on ihe bally of the aircraft almost directly beneath
the interrogator inetallation, This location of the antennaas allowad very short lengthe of
RCG-%8/1 cable to be used for hoth the Teaceiving and irunamitiing anienna cables, The antanna
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cables in thie inetallation were lewa than 18 inches in length., The spacing between the two
antennas wad 17 toches, and they were in a line parpandiculur to the longitudinul axia of the
uirplane.

Duae to lack of instrumant-panel space, the channel-aclector control, indicator, main
power awlich, and externel meln fuspe were mounted on an auxiliary panel installed balow the
lowar left-hand cornar of the instrument panel, The control and indicator wires were No. 20
AWG wire. Thay were cabled and rouled aft behind the upholetered trim on the laft wide of the
cabin to the main intarrogator unit in the haggage compartment.

The interrogator used in theur teste wos connected internelly for 13.8-volt oparation aas
tha aircruft employs s 12-voll electrical syatam. The maln power lead to the interrogator wan
connected to the elactrical aystem beneath the Instrument panel in the alrplene. It was routed
in the same manner as the control and Indicator cablew Lo the Interrogator in the rewr, after
passing through the main power fuse of the DME on the auxiliary panel, This lead was No. 10
AWG wira designed to minimlees voltage drop,

The inatallation in the Bonanea alrplane wae flight testad for approxdmately 115 hours,
and it proved to be very seatiafactory from the atandpoint of maximum distance ranga., Thias
waa atiributed to the ahort cable lengths uxad in the antenns conneclionse and the relativaly
advantageous mnicnna location on the alrplane. When in level flight with launding gear retractsd,
the DME antennan on the belly of thia mirplane are located very ncar the lowest polnt on the
bally, wilh a clear, unobatructed radiation path in ull directlone. Maximum distances up 1o 188
statute milles ware obtalned with this lnterrogator inetallation, with numerous chaarvations of
more than 150 atatute miles. The meximum of 188 milea was recorded on the Crosaville,
Tenncanes, ground dtaiion (Channel 113.4) when flying at 13,000 feet mal about 20 miles from
Owensboro, Kentucky. At this poini the interrogator unlocked, and it failad to lock on at n
gronter digtance, On this eeme flight the interrogator locked on solidly to the Croaeville aig-
nal at 162 atatute miles inbound, at 9900 fect msl near Hartford, Kentucky. Lock-on distences
of 154 ptatuta miles were obtained when inbound or tangentlal to the station at 12,800 fest mal
on the Nashville, Tanncssee, ground atation (Channel 114.1) and 151 statuie mileu at 14,400
feet ma) on the Indianapolia, Indlana, ground stailon [Channel 1146.3).

All flight time In the Beachcraft Bonanza aircraft wae accumulatad with Lhe same
interrogator, and only one fallure was sncountered. A failure of the 15-second, thermal, time-
delay relay unit in the powaer supply necessitaivd removal of the interrogator. Thia failure
occurred at 83 hours, While in the luboratory for the reluy replacement, checks were made
on the interrogator, and the recelver penuitivity wos found to have deterlorated to approxi-
mately 7% dbm from the senaitivity of 78 to B0 dbm st originel installaiion. Replacement of a
Type 6136 tube In the intermediate-frequency atrip of the receivar reatored the original aensl-
tivity. The transmiiler-power output alac was found to ba down to about one=half of ita original
value of 700 to B00 wattsa. Replacement of the two Type 5696 gas-tube modulators increased
the outpul Lo ita origlnal level.

In croaa=-country flighta, thie lnatallation of the Model DIC Intarrogutor was flown in
oparation with most of the operating DME ground statlons east of the Mipainaippl River, and
satlafectory Une-of-aight oparation was securad on ull statlons. No fullures to lock on or 1o
indicate distance due to interragaior=channeling parameters cccurred,

A dquantity of actual in-flight distance-accuracy observations were mede with all four of
the Model DIC interrogator indiallutions. Thena data, althcugh probably not s precise as lab-
oratory measuremaenta, serve as a double chack on laboratory-calibratlon mathods and reveal
gross arrore or lag in tracking action not resdily apparent with a reply aignal of constant or
static delay (distance) mo used in ground-callbration methoda, The lower order of precislon of
flight-accuracy chacks is due primarily to pilet errore of up to one-fourth mile in eptimailing
the axact pomitlon over p ground checkpeoint, aven at medlum altitudes of aeveral thonwand feet,
und to the less favorable environment ¢xisting for careful observatlon of the indlcator, ampa-
clally in the presenca of appreciable turbulence. The resuliu of theae checks show an avarage
error of 0.656 mile for 18] ground checkpoilnts. This average was laken without regard to neg-
atlve or poaltlve erroru, Consldering the directlon of tha arror whlch would lend to cancel
pllot errora in readinge, the wverage arror waw =0.234 mile for the sarme roadinga, Theae
obuervations were lhe result of the combined recorded readinges of at lenat B persons, taken at
altitudeu of from 1000 Lo BODO feet ahove ground and using a Lotel of 9 DME ground facllitiea.
The masdmum error'ln miles waa -2.5 atatute miles at a distance of 72,56 miles from the
ground station at approximately 4900 feet above Lhe ground. On severel cccanionm, errors of
up to 0.4 mille were racorded directly over o ground satallon after correction for altltude. In
ithe readinges uwued ln these averages, the larger errora all were racorded oo the 200-mila
scple, and nearly all were confined to distances below 100 miles. At the higher altitudes neces-
sary to aecurs long-range vperatlon, accurate determination of the time directly over a ground
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checkpoint becomen increuslngly difficult. Aw a result, very few flight obrervations of
aceuracy ware attarmpted at the longer distances.

Aw mentloned in the equipment description, the Model DIC interrogator incorporated a
provislon for reduction of transmitter-power output and recelver senuaitivity when switching
to the short or 20-mile-dietance acale. This Inlerrogator wau the first and only design to
make this feature avallable. The amount of reduction in hoth ceees is adjustable by means
of dervice adjustmentd on the bench. The provieion for reductlon of these characteriotics of
the interrogalor was a resull of difficulty with carller intarrogators, mand with the prototype
Model DIC, with mullipath signmle or "echoes.!" Thia condition occurred on both the Interro-
gation {airborne tranemitiing) and reply (airborns recelving) patha, and it wos caumed by the
errival of signule from reflecting objects relatively near the ground antenna at cither the
interrogulor or ground traneponder-receiver Input at u ilme after arrivoel of the signal by the
direct path. Thewe reflacted wignals or achpeu followed the dircct-path signal by a time inter-
val equul io that requited to travel tha addilionai length of the reflected path. These refleciad
uignelas on the Interrogatlon path, if of sufflclent rtrength and at certain delaya, can cause an
erratic reply from the ground statlon; and in @evers caues they will momentarily block all
replies to an alrcrafi interrogation. Certain tachniques have heean developed ai TDC and by
Hazeltine Elacironles Corporation, the major ground-tranaponder supplinr, which whan used
aingly or In combination will ellminate the effect of echoes at the ground atatjon, A further
improvement huda been made by reductlon of the iranamittear power of the aifborns interrogatoer
at nhort diatences whare echo signale are most likaly to cccur and where full power 18 not
requlred for inlerrogation.

The cflact of reaflected signales on the reply path is that of "confusing'' the Interrogator
tracking gates. One of more extransous reply slgnals with the propar spacing for decoding
sntar into ihe tracking circuits closely following the direct signal, Under these conditions
the dietance indication will fluctuule erratically, and in peveare casas it will unlock completely
durlng the time requirad for the airplana to trovel several miles, At ahort ranges, o reduction
In intarrogntor-receiver sensltivity will improve or ellminate this conditicn by alding in dis-
criminating againat the unwantad reflected wignals which are almonst cartain to have lean
atrength than the signals via the direct path, Under wome condlitiona of elrcrafi attitude, the
ntrangth of the reflected signals can exceed that of the direct-path signals; but thess occur-
rences are rare, and the realatively short time ln which @uch conditions prevall causes them to
hava no great slgnificunce.

Exparience ln flight tasiing the Model DIC and other Interrogators has ahown that any
noliceable scho sffecl on interrogalor cperation ia confined 1o o distance of & few miles from
the station and that it varies with the position of the aircraft, the site, the mode spacing of the
channel in use, and propagation conditiona aximting at the time of cbearvation. It has been noted
that multiputh cfiecte are preaent more often during lemperature inversiona (for example,
marly morning) und underneath wlratus cloud decks at low altltude, although they are not con=
[ined to thewe instancen nor wie they alwaya presant on & glven utatlon dering these conditions

Wlth full tranamitter-powar output and receiver menaltivity, the Model DIC intarrogator
showed erratic distance readings up to 6 atatute milew, both inbound and ocutbound, when croas-
ing direcily over somna ground stationd at low altitudes. Although this was observed in a smail
number of camas, it was coneidered significant and was obaerved on at least 3 waparate ground
facililice. At lemnt once at each of 3 diiferent wtatlona, the interrogator unlocked and searched
at diatances of 2 to 4 statule miles upon crossing directly over and at 1000 to 3000 feet above
the ground station, and 1t did not loch on agein until a similar distance outbound was renched,
Thedc inatances occurred early in the {light-teating period; uu a result, an effort was made to
detarmine the amount of ocutpul and sensitivity reductlon necessary 10 ellminata the affacts of
muliipath signels, By trial it wag found that = reduction of transmitter-power outpui of the
order of 10 db wna excesuive, Turns and ahadowing of the direct-slgnal path by the airplane
fugeclege or wings caused drop-out of the tracking condltion after expiratlon of memory. Thie
occurred at distances of 15 to 20 miles from the atuilon. A wimllar noticeable limitation of
porformance was cbaarved with a 10-db reduction of receiver sensitivity. A reduction of 5 db
in both tranamitter power and recelver sanaitivity was found to sliminate multipath conditions,
but further tests were conducted to datermine the minlmum amount of reductlon necessory.
The [nnl settingu sclacted and in ude during moat of tha flights on all airborne instullatione at
TDC included no reducilon in transmilier power nod approximutely o 5-db reductlon in recalver
senaitlvity on the 20-mille range. The nalaction of thesa adjustments was governed, in the case
of ithe tranamitier, by the lmprovement 1o multipath rejection ufforded in the ground-station
recelver by acho-suppresaion clireulta In a lerge numher of siatlons, and becauas the frequency
of the occurrence of =cho lnterferance has been oheerved to be leas on the interrogation path,
Inn the came of the recelver, at least a 5-db reduction has heen necessary to reduce acho
Intarference to a negligible level.
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The resulta of thede tauta are difficult to assess owing to the large number of
uncontrollable variablag Involved, and complete aolulion of thia problem will require a large
amount of flight experience on each ground station which exhiblts a tendency to produce schoes.
Early in the tests, complete fallure of distance indication occurred in aeveral inatances; how-
evar, later flights weing a reduction of 5 db in recelver saannitivity produced only erratic move-
ments of the distence pointer of £0.1 mile lhcrements at not moras than 4 miles lobound to or
outbound from the station, In one comparatlva test of the Model DIC Interrogator slmultaneous-
ly with two otheér interrogator models in the same alroraft, the effecl of raflacted signula wan
less on the Model DIC then on the other interrogators. During this test the other two interro-
gatora unlocked at 2 to 4 miles {from the atation at 1000 feet mltitude and remained inoperative
until 3 to 6 miles beyond the gtalion; the Model DIC interrogator mxhibited only erratic or
"jittary' mileage indicatlon from 2 miles inbound to 2 miles cutbound, The degree of erratic
readings did not exceed 0.2 mila. On several subsequent paedex acrous the stalion with the
Model DIC interrogator awltched to the 200-mile range (full receiver manaitlvity), il was
observed that the multipath effecta were greatsr on the Model DIC than on the other interro-
gatore, Unlocldng occurred 2 to 4 miles before failure of the other interrogetora and persisted
approximately ¢ miles longer outbound. In a comprahanaive flight-test program on mullipath
efiecin, one necessarily would be confronted with numeroua difficulties. These include inabllity
lo control or forecant propagation conditionu at the tirme of the test, and the necansity for treat-
ing sach ground station os & separate problem with reapect to reflecling or shadowlng objacts
on the ground. For this reason, further fl{ght tarts to investlgate achoas were Umitad to thoae
occanlons when apprecinble acho effect wan obperved,

At the beginning of the flight-test program, the circuit-compoenent failures cxceeded the
anticipated numbar, Investigation of these troubles wea undertaken with the wawistance and
parlicipation of the contractor. In a number of cases, minor circull changen were Incorporated
by the manufacturer as a result of experiance. These modifications weras Included in subgequant
production unita and in ¢arlier unita. Of appraciable value was the fact that the contractor con-
tinued to flight test and improve intarrogators identical to those dellverad under the contract
during and after daliveries ware made. The results of thesw flights were very halpful, After
the inltial high failure pariod was paased, rellability of the interrogatora increaped to a
aatisfactory level In a shori time.

In ganerel, no apecific patiern of failures of certain comhponents could be detactad,
although aeveral comnponent failures were repeated. The failuren of two indicutora in the Globe
Swlift inatallation and one in the instellation in N-183 already wera menlioned, In addition to
thems, two indicators were found defective when unpecked and tasted, and theae were returned
for repalr or replacemant under the guarantes provisions of the contract, No detailed informa-
tion on the caume of these defecta is avallable, although po further indicater fallures occurred
aftar the first 7% hours of accumulated flight time on all units, indicating that the rource of
trouble has hoen sliminated.

The accond moat frequent cause of failure wap shorted bypass capacltors In uevernl
circuit locatione. In two Interrogators tha pame capecitor, a biaa supply bypass in the trans-
mitter, shorted and removed negative grid blad, thareby damaglng the selenlurn blau ractifiar
and isglating resistor and blowlng the high-voltage fuse, In one cass, tha high-voltage fuse
fniled to blow, and cathode rasistorns of two transmliter tubar ware burned by cxccouive cathode
current,

Several other bypase capacltiora falled in the recelver intermediate -frequency strip plata
decoupling natworl and filamant decoupling circuits. In mvery came of capacitor failyre, the
defective capacliors were glasa, and-neal, hermeotically aealad paper capacitora. Thede were
a relatively new, high gquality type deslgned for axtremely high temperature operation. They
wate the product of a well known manufacturer. Inlilal production unite of a {ew of the capacitor
matmfaciurars which were incorporated In theaw interrogators were not representative of
presently avallable unita of thla types. After the inltlal acrled of about six capacitor fallurva, a
marked improvamant was noted in relinbilliy of theas uniis.

Two fallured of the antenne assemblies occurred due to fatigue, which caused breass
radiator rode to hreak off at the polnt of attachment to the center conductor. This feilure was
traced by the rontractor to exceawive play in the Teflon ineulators uded In the originel antennas,
Luler units were supplisd with a nylon insulator which held the radiator rod morve rigld and
pravented movement of the rod under vibration, The improvement in antenna dedlgn waos
dernonairated by performance of the later unlts.

The other cormponent (ailurea wara scattered, ningle occurrences such au a failure of a
tharmontatic time-delay plug~in relay, which waa replacead by an improved unit in the later
degign; and fallure of the tranamitter power-adjustroent potentlometer which wae replaced by
n four-poaition tap switch and fixed reaistors In the latayr design,
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Tube failurans have besn ralatively small in numbar for aquipment of this type and
complexity. Two failurea of Type 5696 modulator tubes occurred, and on another oceadlon two
tubar ware Taplaced to pecures greater cutput from the transmitier. The low rate of tube fall-
ure ls wttributed to the large parcentage of reliable tube types in the dealgn, and Lt la belleved
to be an lmportant factor in the high reliability achievad in the latest units produced. Several
other {ubaa failed sarliar in the program, but they were of different typea,

CONCLUSIONS

It 1a concluded that developinent of the Model DIC interrogator has produced a new
lighiwaeight distanca-~meawuring intarrogator wuilabla for vide by civil nireraft for aly navigation
and traffic control procedurens. Introduction of direct crystal control 1o the interrogator hag
been o major contributlen to airborne DME, Provlglon for reducing the recelver gain at short
ranges s another advancement. The power requirement of the interrogator had bean reduced
from thet of earlier dealgne to a praciical valus, making the equipment sultable for use in
slngle-englne executive and personal alrcraft, Of major impertance 1s Lhe fact Lhat the game
unil may he connected for either 13.5-volt or 27-voll dc wupplles, No additlonel Inverter
cqulpment 1a required,

The Modal DIC interrogator met and exceaded evary requirement of Specification TD- 125
und exceeded it in locorporating the design features mentioned ap well an in accuracy of diatance
meanuramant, The maximum range performance of the Interrogator exceaded expeactations.
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APFPENDIX I

Spucification TD-125%
May 3, 1951

DISTANCE MEASURING EQQUIPMENT
LIGHTWEIGHT INTERROOATOR

1. General.

1.1 Purposa, The purpose of this apscification is to estahliah the requirements for an
airborne digtance measuring equipment interrogator for use In conjuncition wlth prasent ground
transponders by private and sxecutive type alrcraft. The equipment transmits in the band
962,25 to 987,25 Mec and recelves 1n the frequency range 1187,25 to 1212,25 Mc, This eguipmant
uses pulse multiplex coding techniquas for both transmiasion and reception and indicates the
diptance from the ground atation continuoualy to the pilot while in operation,

1.2 Deslgn, Slnce this sguipment ls intended for use asd an alr navigation devlce, rellability,
atubility, and fail-gafe operation ares of prime lmportance in its design, Every effort shounld be
made In the design so that any failure of the sequipmaent will be apparent to the pilot and no false
indicationa of diatance are presented under any foresecable conditlons of malfunctlon, It is of
prime importance, aleo, that the aguipmant ahould ba capable of production at a moderate coat
ta the private pilot.

1.3 Service Conditlons. The sgqulpment shall meet all requirements of this specification
under any and all comhbinations of the following dervice conditionar

a. Temperature: 0* G. to +60* C.

b. Ralative humidlty; 10 to 90 per cent,

c. Preasurs: simulating sea level to 20,000 fast. The upper limit of ambienl ternperatura
will be +25"® G, under this conditlon,

d, Voltage supply: &5 per cent from either 13.5 or 27 volia dc,

«, Vibration: to the extent normally encountered in private and executlve type mircraft,

f. Contlpuouws operatlon for 12 hours.

g. Primuary voltage ripple of 5 per cent at 100 to 10,000 cycles,

1.3.1 Low Temperatura. The aguipment ahall not be damaged when turned on and oparated
in ambient temperatures as low as ~18* C.

1.4 Material to ba Furniahed, One complete equipment (DME), for purpouca of this
mpacificetion, ahall conelst of the following:

u, One interrogeator or main unii houwing the recelver, tranamitter power supply, and
asaociated video cireults, stc,, including mounting base (shoclomount) If required.

b. Control unit,

¢, Indicator.

d. Instruction hook (five coplea),

e. One aet of oparating tubaa, fused, crystals, and any other plug-in ssdembliea requlred
for operation of the squipment, Theae may be inatelled in iheir proper sockets or packagsd
poparataly al the contractor's option,

i, One set of all pluge or connectora, both mechanica) and electrieal, requirad for
operation of the interrogotor.

g. Dne act of apares conmixiing of the following:

One gat of all tubea,

One set of all fuses.

One aet of fragquency crystals for all fraquencieca used.

One aet of Tectifying or datector crystals required for operation of the unit.
One, ench, apare electrical component other than those normally procurable wa

commarcial atock ltema, if raqueated, {Sce Paragraph 1.4.)

LA e L B

1.4.1 Liat of Non-Standerd Components. The contractor whull furnish two copics of a list
of all clectrical componenis nsed in the design of the equiprnent, othar than thoae normaolly
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procurable as commercinl stock lteme, within ten daye after dalivery of the first equipment.
One copy of thia list will be returned to the contractor within ten days after recelpt, indicating
those components which are to be furniuhed au spares undar [tam 3(5), Parngraph 1.4, for the
firut mode). Thin list shall then be used to satisly Item g{%), Paragraph 1.4, on all subaequent
dellverias under this speclfication,

1.4.2 Combination of Unlia. No raquirenent of thia mpecification shall prohibit the
conerolidation or aeparation of these unitd where poswlble or practicable In order to conserve
dpace or weighl, The tabulation of unlte ig included for purposes of clarity only.

1.4,3 Additional Equipment, The squipment, when dalivered, shall include all accessories
necensary for mounting and installing in an alrcraft except for wiring and cabling betwean
unlis.

2. Requirements,

2.1 Genaral. Tha agquipmant shull consist of a pulsad tranamitiar, a receivar, and
ageocinted lndicetor clrculte coupled togethur in wuch a menner that the time required for the
propagation of an interrogation pulse to the deslred ground transponder and of the reply pulne
back to the aircraft xhall he messursd and presenind on the indicator which ahnll e calibrated
in nauticel miles (A0A0 feet or 1.1516 statute milea). The squipment shall also provide for
identificetion of the ground transponder in use to the operator.

Two nlternate methods of distonce indication are specified herein asp axamplag. The
paragraphu marked "Alieroate A" and "Altarnate B" refer {0 theae iwo alternatea, The method
of distance lndication to be used will ba apecifled by the contractling officer at the ime of fina]
contract suthorization.

2.2 Deslgn. The design and construction of the aquipment, including both material and
workmanahlp, ahall conform to the bedt commercial practice for alrcraft inatrument and

tlectronic equlpment.

2.2.]1 Lifa, The equipment shall be depigned go that it will have the maximurm life with the
minimum adjusirment and repair thot 1a coneistent with low cost and other raquirsamanis of this
specification.

2.2.1.1 Moiors. Any moters usad in this equipmant shall have senled bearings of a typa
that does not require lubricmtion or other attentlon for at least 1000 hours of operation.

2.2.2 Components. All alectrical component partis, wherever practlcable, used in the
design of this equipiment, ahall be of atandard commercial manufacture wuch that they are
readily procurable in the case of fajlure.

2.2.2.1 Resistors. Preference ahall be given in the deaign of the equipment to use of
onz-half-watt, 10~ or 20-par cent Lolerance, indulated reslators.

2,2,2.2 Cupacltors, Preference chall be given in the deslgn of the squipmaent to the usa
of capacitors haviog » tolerance of 10 per cent ar gramntar,

2,2,2,3 Motors, No motora ahall be uwded ln the equipment without specific authorization
from the contracting officer or his representative. EKxception will be allowed in this case for
a dynamotor power supply, if required, (9es Faragraph 2.2.1.1.)

2.2,2.4 Connectors, Al connectora shall be subject to the approval of the contracting
officar or hia representative,

2.2,3 Primeary Power Source. The primary power sourca ahall be nominally 13.5 or 27
volta deo,

2.3 Modes. Ten modes shall be used. Eech mode conslats of two pulae spacings, an
interroguation pulee sapacing and a reply pulae apacing. The modes to be used are as followa:
(See alno Teble 1.}
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Mode Inlcrrogation Reply
Spacing Spacing
{mlcrosecondu) (microseconds)
A 14 17
B 2] 70
c 28 63
D 15 LT3
E 42 ' 49
F 419 42
G 56 a5
H 63 28
I T0 21
T T 14

2,3.1 Mode Selectlon. The mode ln use at any given tlme shall be determined by the
operating channel in usa in accordance with Table | hereln. The selectlon of the mode ahall ba
accomplishad at the tlme of channel aeleclion sither automatically from the reaceiver and trane-
mitter acttlnge or by use of a separates control, In the case of a scporate control, information
shall be suppliad by a table in the inptruction book, or preferably by a namaplate on the control
box, aa to the correct rmode for use with sach channel,

2.4 Channala,

2.4.1 Number of Channels. One hundred operating channels shall be provided by crous-
banding ten recaiver and tcn transmitter frequancies. Modew dhall be added to allevinie the
interference causad by common frequency interrogations and repliss from and to other air-
craft. The arrangermant of channeld ahall be in accordance with Table I,

2.4.2 Channel Seleaction. Selection of a channel whall conaiat of the following functiona:

g. Transmitier frequency selection.
b. Raceiver frequency aelectlon.
c. Mods selaction.

In tha interest of simplicity, the controla provided for channel selection shall be as few in number
aa im conmintent with economical deasign., Howevar, it ahall be wllowed, expreasly, to provide
thramn acparate controls, if necessary, to afford compactness and economy in lhe equipment,

2+4.3 Channal Indication. [ndication shall be provided to indicale emaily and guickly lo the
operator the operating chunnel o which ihe equipment haa been set,

Z.4.4 Channel Pairing. Each distance measuring chunnel will be paired with 8 VHF
navigation facilily frequency in installation of the ground equipment, It would be deslrable to
indicate the proper YHF navigation facility frequency for palring with each distance measuring
channel on the selactor control markingu., The proper VHF navigation frequency for each DME
channal i@ indicated 1n Table I,

2.5 Receiver.

2.5.1 Ganeral. The raceiver shall raceive paired pulac signels on any of ten frequancles,
(See Table I for frequencics,) The receiver control shall provide poaitive channel selectlon
unless other means for setting frequency accurataly are provided,

2.5.2 Radio-Freguency Input. The antenna input elrcult to the recaivar ahall be draignad
for connection to a ®Z-ohm coaxial line. It ia preferred that tha receiver be designed so that
tha reaceiver and the transmitier are coupled to the antenna through a xingle inpul connection
io the equipment, The recelver shall not be damaged by the transmitter under any conditione
of migmatch.

2.5.,3 Senaitlvity. The wenaltivity of the receiver shall be 108 db below one watt, or betisr,
on nll channels, This sensitivity shall be maintained under all conditlons of fruit epecified in
Tuble II hevain, The signal level into the raceiver input required to maintain distanca
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Informaulion xhall be the sensitlvity flgure in the cases of antometic tracklng, The scnslilvily

for "locklng on' ghull be wilhin 3 db of the aensitivity for tracking (Alternate A). In the caas
of the oscilloscope indicator (Alternate B), receiver sensltivity ahull Le defined wa thal aignal
level required o produce a peak signal plus nolse-to-peak-nolse ratlo of 2:1 on the indicator.

2.5:4 Racaiver Fragquency Stability. Either a high or low stabllity recelver may be
provided by the contractor in accordance with the definitions in Paragraphs 2.5.4.1 and
25402,

2.5,4.1 Hlgh Stabllity. Each receiver cenber frequency ehull be within 200 kiloeycles of
ita wpacified value in T'abld I, under all service conditions ap apacified in Paragraph 1.3, In
thlas coae, the recelver bandwidth to pulsed may be either wide, narrow, or Iotermediote in
sccordance with the definitione in Paragraphs 2.5.%.1, 2.5.5.2, and 2.5.5.3.

i.5.4.2 Low 5Stability. Each recelvar center fraquency shall be within «1.5 Mc of ite
apecifled value in Table [, under all warvice conditionu wpecified in Paragraph 1.3, In thia
raue tha tecelver bandwidth mast he in accordance with Paragraph £.5.5.1, Wide
Bandwidth,

2.5.5 Rnceivar Bandwidth., The raceivar bandwidth may be wide, nurrow, or lotermediate,
depending upon the recelver [requency atability, {Yee Paragraph 2.%5.4.) The definitions of
theans bandwidtha ara an sapacifiad in Paragraphs £.5.5.1, 2,5.5.2, and 2.5.5.3,

£.5.5.1 Wide Bundwidth, Reception hand of the receiver whall be 5 Me, £0.5 Mce at 3 db
down, and no more than 10 Mc wide ot 50 db down,

2.5,5.2 Narrow Bandwldth. Receptlon band of the recelver ahall be no less than 1.25 Mg,
+0,25 Mc ut 3 db down, and no more than 10 Mc wide at 50 db down.

2.5.5.3 Intarmediata Bandwidth., Any bandwidth belwesn ithe limits speciiled for wide and
harrow bandwldth maey be cmmployed, provided the stabllity meets the requirementn of
Paragraph 2.5.4.1.

2.6 Identity.

2.6.1 Idantity, Alternatle A, Jdenlification of the transponder with which the interrogntor
is operating shall be accomplished by meann of a third pulae of 2,56 mlcroseconds In duration,
having similar charactaristica to that definad in Table III and Fig. 1. Thia pulae will be
spaced 10.5 microseconds after the saecond reply pulse and shall be periodically gent on o
one-for-one hanrin with aach raply from the irundponder, Sultable circultry shall be provided

to produce o visual or aurul Indlecntlon of ita presence,

2.6.1.1 Operating Tima. At leaut 8§ bul not more than 12 identlty pulsas shall be raguirad
‘to produce the indication mentloned lo Paragraph 2.6.1.

2,6,1,2 Identlty Sensitivity. The asnsitivity for propsr oparation of the identification
circuite ahall be within 3 db of the senwillivity for tracking.

2.6,2 Identlty, Alternate B. No ldentity circuits are raguired for oacillodcope Indicators,
the display being relied upon to providae indication of ldentity.

2.7 Decodar.

2.7.1 Dacoding, Altarnain A, The dacoder shall be capable of being set to decode any of
tan different pairad pulse apaclongs transmitted from the ground station, yielding an output if
the spacing 1a proper and no output if the upacing la improper.

2.7.2 Decoding, Altarnata B. In the cawa of the cacllloscope Indicator, no automatic
decoder la requlred, the oscllloacops pressntation baing relied upon to allow recogmition of
proper apacing if needed,

2,7.3 Decoder Spaclng. The pulae spacings to be tranamitted from the ground equipment
are specified in Paragroaph 2.3 and in Tebla I.
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2.7.4 Decoder Tolerance. The decoder (Alternate A) ahall accepl pairad pulses that are
within 0.5 microsccond of the correct wpacing, and it shall reject, by more than k0 db, pulaas
whona apacing 1a more than 3 microseconds {rom the correct value,

2,8 Distance Measuring Clrcuite.

2,8.1 Diaplay Time, After completlon of the selection of o channal, it whall not require
mora than 20 seaconda (aearch time) to dieplay the proper distance on the indicator under
normal fruilt conditions (aee Table IT), It shall not requlre more than 40 seconde under
maximurm fruit condltlons (see Table II). Theus raquirements shall be considered satisfied
if the display time 1pr met in 9 ocut of 10 tries.

2.8,z Search, All searching, whether manual or automatic, shall be outward {increasing
diatance) to prevent locking oo multipath signals. Proviaions shall ba mada to preavant inward
searching by disabling the clrcults or other means,

2.8,3 Alrcraft Speed. It shall be poansible to measure distance properly ln alrcraft having
apeads up to 300 knots under muximum fruit conditions {(ase Table II).

Z2.8.4 Distance Range. [t shall ba poasible to measurs distances from 0 to at least 100
nautical milea,

2,8,F Culibration, The callbration of the distance output ahall be in neutical rmiles (6080
feet, 1.1516 statute miles). The output shull be designed io read 0 milea whan the dalay
between the sccond Interrogation (tranamittad) pulse and the sacond reply (recelved) pulse is
11% microasconds. For purpoasa of this measuramanl, time ahall be mesaured from corre-
aponding points on the rf pulaes st the antenna connector, using & signal lavel of %0 db above
minimum usable and pulses se spacified in Table [JT and Fig. I,

z2.8,6 Memory.

2.8.6,1 Memory, Alternaies A, The distance oulput whall have a simple range memory
lasting from 8 to 1% seconds after the loxs of a algne) which hea been preswent for at leaat 15
neconds. The rangs indication at the output shall not drifi more than k]l mile during memory.

2.8.6.2 Mamory, Alternate B, No memory ie regquirad for an oscllloacope indicator.

2.8.7 Pulse Repatition Rate, The distance measuring circulta ahall not require the
tranomitter to transamit an average repetition rule greaier than 30 pulse paira per second
when averaged over a pariod of 10 minutea, In no case ahall the pulse repetition rate exceed
3% pulme paira per second.

2.8.8 Intarrogation Jitter. There shall be a rapndom variation of at lcast &l per cent in
the time between trandamlsaalon of succesalve palrs of interrogation pulaes,

2.8,9 Interrogation Rate Stability. Dasign of the pulse repetition rate detormining clrcults
shall be such that their ghort time stabllity 1s purponely degruded in order to lnaure further
againet accidental synchronous operation from two interrogatora operating on one trenaponder.

2.8.10 Interference. Injection of any of the following types of algnals into the antenna
connectlon, in addition to proper transponder replies, sahall not caues the proper dlatance
reading to change outslde the limits npecifiad herain;

a, Third pulae !dentlty: This consists of a third pulue, in addition to the normal two
tranmraitted from the ground transponder for purposes of identity. (Saa Puragraph 2,6.1,)
b, Fruit as specified under maximum conditiona in Table 1I, (Mote: This condition

differs from Teceiver bandwidth,)
2.9 Transmlitar,

2.9.1 General. The transmitter ahall transmit a pairad pulae algnal on any of ten
ptabilirad freguencias,
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2.9.2 Fregquancies. The transmiiler ahall be cepable of being awt ko any of the ten
frequenciea, an apecifiad in Table 1, by a single detent control,

2.9.3 Pulaet Shape and Spectrum, Tha detected pulse envelope and apactrum of each pulae
tranumitted by the tranemiilar yhall be In nccordance with the values speclfled In Tabla III
and Flg. 1, In addition, sach pulae of u pulee pair shall be as nearly ldentical au possible.

Z£.9.4 Frequency Stability. The transmiller frequancy shell be stabillred within ®400
kllocycles of its specified frequency on all ten channels, under all sgrvice conditiona, and
in addition, o miamatch correasponding to w voltage standing wave ratlo of 211, or leaa.

2.9.5 Power Quiput. The peak power of such tranemitied pulae shall be not leas than 500
watts under gll conditione of operatlion. The pauk power of each pulse of & palr shall not
deviaia by more than 1 db from the other. These conditione ahall ba met with & miamatch
correaponding to a voltage standing wave ratio of 2:1, or lass, of any phuse at the antanna
connector of the equlpmant.

2.9.6 Outpul Load., The cutput of the tranemitier shall ba designed to opsrate into & load
impedanca of 32 ohma.

2.9.7 3purious Radiation. During iniervala betwaen generation of individual pulssu,
tranamiasion at any ireguency shail be more than 50 db below the paak power of the main
pulde transminegion st the radlo frequency of operation. This proviaion refaras to all
transmiansions, including modulator and generator interference,

2.10 Coder,

2.10.1 Coding. The coder shall be capable of being set to produce any of ten paired pulus
spacings ee apecified in Table [.

2.10.2 Coder Tolarance. The spacing between constituent pulues of » pulas pair phall be
muiniainad within 1 microsecond of the proper valus under all conditions.

2.11 Indicator. It is the purpose of this specification to parmit slternates for the method
of distance indication. Two alternates maethods are apacified as exemples. The sectiona
marked "Allarnate A" throughout this apecificatlon apply to an aquipment using & meter indi-
calor with automatic tracking clrculla, The aections marked "Alternate B'' apply to equipmnent
uging an oncilloacope distance Ilndicator without automatic trackdng clreuita.

2.11.1 Design, Alternate A, The indicator nhall be designed as a meter movernent with a
gcale covering 240* or greater, and calibrated !n navlical milas from 0 to at leant 100 with a
linear scale.

2.11.2 Size, Alternate A, Tha inmtrument, includlng connector, ahall not project more
than 10.5 Inchen behind the instrument panel when mounted in lte normal pogltion, (See
Paragraph 2.14.2.)

2.11.3 Accuracy, Alternate A, The Indicator, when connacted to the equipment, shall
indicate the corract distance to a ground transponder within +5 per cent, or %] nautical mile,
whichaver Ia greater,

2.11.4 Indicator Dial, Altarnate A. The indicator muat be so desighed that the distance
la clearly legible at a distance of three feet, The contractor shall furnish with his proposal
n slketch of the contempluicd indicaling ingtrument. The contractor shall further furnish a
final drawing of the indicator face for approval before congtruction of the indicatar,

2.11.5 Deslgn, Allarnata B. The indicator shall be designed ag an oscilloscope with m
circular trace, with & scale covering am great a portion of the circular trece as poasible,
and calibrated in nautical miles from 0 to at least 100.

2,11.6 Size, Alternate B. The indlcator ahall not project more than 10.% inches hehind
the instrument panel when mouniad in lts normal position.
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2.11.7 Accuracy, Alternate B, The indicator, when connected to the equipment, shall
indicate the correct distance to a ground traneponder with £5 per cent or 1 nautical mlle,
whichaver is greater.

2.11.8 Indicetor Disl, Alternate B, The cacilloscops face iteelf or a guitabls overluy
mhall be calibrated and letterad xo ax to be saaily legible from a distance of at laaat thres feet
from the Instrument, The worda "mautlcel miles'" shall almo be prominently marked on the
lnmtrument, The contractor shall furnish a skatch of the proposed indicator face with the
proposal, and ha shall further furnish & final drawing for approval before construction or
lattaring of the ind{cator.

2.11.9 Case. The ingtrument ahall be fitied with a muitable cage or dust cover to protect
it,

2.12 Computer Qutput.

2.12,1 Propesed Computer Cutpuf, The contractor shall carefully consider all posaible
methoda of providing an cutput from the Interrogator, which is proportional to the indlcated
distance, for use by course line or picterin] computers, Aa a result of this consideration he
shall farniah the followlng information to the contracting officar or hia repressntative:

n. FPopuiblllity of computar output,

b, Type of output (see Paragraph 2.12.2) or gutputs,
¢, Estlmnatead diatance accuracy.

d. Estimated additlonal cost.

2.12.2 Typ=s of Ouiput Desired. The following are types of output dealred for computars
in ordar of preferencae:

8. Direct current or alternating current volts proportional to diatance with 15 to 30
volts at 0 ta 150 to 250 volts at 100 nautical miles.

b. Same axcept 0 volis to somae lower value,

c. Alternating current volts with phass ahift proportional to distence.

d. Others,

2,13 Service Adjustment,

2,13,1 Calibration, Menna ahall he provided to nllow calibration of the distance accuracy
by qualified service personnel aa a shop adjustmeni, Thia shall include a 0 adjustment in
addition to any others required.

2.13.2 Locking, All service adjuatment controls shall be provided with shaft locks or
locking arrangemaenta to prohibit their rotation when subjectad to vibretion.

2.13.3 Adjustment Stabllity, Aftér adjustment, all aquipment parameters ahall remain
within their tolarancas hereln spacified without further adjustment when the sgquipmant ia
inatalled in an aircraft and the aircraft is flown under normel flight conditions,

2.13.4 Adjustment Accessibility, All controls and cormnponenta nacessary for the proper
adjustmment and maintenance of the squipmant ahall be aanlly acceswible upon removal of the
dust cover or dust covers.

2.14 SiEe.

2.14.1 Main Equipmant. The squipmant, excluaive of indicator, control box, shockmount,
and antenna, shall be housed in a case not occupying more volume than a stundard one-half
ATR, {The packaging nead not take this form factor,)

2.14.2 Indleator. Thae indicator should be designed to mount convenlently on the instrument
pansl of typlcel light aircraft.

2,14.3 Control Box. The contreol box should be comblned with the indicator, if practicable,
without wacrificlng weight, space, cost, or convenience of operatlon. In the event thia



i1

combilnation ls used, a drawlng showing the arrangement and panel mounting space required,
and glving the catimated welight of the combined unit, shall be aubmitted for approval to the
contracting officer before consiruction.

2.1% Walght.

2,15,1 Total Weight, The total equipment, including the main unit, control box, Indicator,
mounting base, and all connectors neceasary for Installation, shall not excead 30 pounds,
Thia welght ahall be excluslve of ull cables and wires batween the units comprising the
egquipment.

2.16 Qovernment Furnished Equipment.

2.16.1 Antenus. Tha Governmant will furnish the contractor with at least one sample of
the antenna to be ueed within 90 daya after award of the contract, to be used by the contractor
in development and teating of the equipment. This antenns shall be returned to the Governmaeant,
at the time of floa]l equipment dellvery, In good condition.

2.17 Inatructlon Book.

2.17.1 Content. The instruction book to be furnished by the contractor (Paragraph 1.4.d)
ahall contaln the following material:

a. Index.

b, A deacription of the installation procedure and sll nacessary information for
inatalling the interrogator in the airplane,

¢, A deacription of the theory of operation of the equipment in aufficient detall required
for an underptanding of the principles uaed and the function of each tube and appociated
clreult in the Interrogetor, including a block dlagram.

d. A photograph or drawing of each unit or assembly (control box, indicator,
recelver-tranamitter, ¢te,) with as mmany replaceable parta as possible labeled by
suitable overlay or marking according to the circuit achemutic reference number.

¢, An inagtalletion wiring diagram showing all wires and cables butween unlia and the
number, aize, type, and connaction point of sach wire.

f, A clreult achemantlc, or schematice, or the complata intarrogator showing nominel
values for all replacaable parts.

g+ Voltange and reslatance charta showing voltages and resiatancea to ground (chassis)
or othar convenient point from sach tube socket pln and any other peoints raquirad for
servicing the interrogator.

h, Parta llat (including eircuilt schematic reference numbars, nominal values,
tolerances, ratings, and unit or assembly in which they are uleds for replaceable
component parte in the Interrogator,

i, Onaelllographic waveforms throughcut the aquipmaent,

J. Any othar material ar infarmatiion required for servicing the interragator,

2.17.2 Detnll Required. Tha dascriptions and explanatlons in the instruction book ahall be
In sufficient detail to nllow testing and repair of the interrogator by a technician akilled in the
servicing of radlo and slectronlc equipment,

2,17.3 Submlsulon of Manuscript. The contractor shall subrit a manuscript in any lagible
and orderly form of the proposed inatruction book within 30 days after dellvery of the first
Interrogator for approval by the contracting officer. After approval the instruction book may
be reproduced and bound for delivery in the quantities required in Paragraph 1.4.

2.17.4 Preliminary Instructicn Material. The contractor ahall furniah, with the first
model and any subsequent dellveries of equlpment before the final instruction book is avallable,
at laast one sat of preliminary instruction materiala, This material shall conaist of a block
diagram ahowlng waveforms, a achematlic wiring diagram showlng component values and
ratlnge, and a wiring diagratm showing all cables and wires hetwean units or assemblles
neacaspary for installation and oparation of the equipment. This condltion will be satipfied by
submlagion of additionel coples of the lnstructlon hook manuscript,
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2.17.5 Pindlng and Reproduction, The instruction book may be reproduced by mimeograph,
on a good quality paper, or by offaet printing processes. Gloss or maette prints of photographa
may be lncluded, or half-tone cutd of photographs may be used Lf desired. QOzalid or equiva-
lent black line printsa of drawings or schematics may be used, The lopiruetion book shall be
bound in good quality, wet strength, limp paper cover,

2.18 Tensts and Accepiance.

£.18.1 Preliminary Tests. Freliminary teata for compliance with the following
requirements of the mpecification will ba conducted at the contractor's plont on the firat
model:

Recelvar sensitivity (Faragraph 2,5.3),
Recelver frequency (Parugraph 2.5.4).
Racelver bandwidth (Paragraph 2.5,5),
Dacoder tolerance (Paragraph 2.7.4).
Distance range {Paragraph 2.0,4),

Memory (Paragraph 2.8.5).

Pulae repetition rate (Paragraph 2.8,6),
Transmitter fragquencies (Paragraph 2.9.2).
Fulse shape and apectrum (Paragraph 2.9.3),
Power output (Paragraph 2,9,5),

Coder tolarance {Paragraph 2.10.2).
Distance accuracy (Purngl:nph 2.11.3 or Paregraph 2.11.7).
Siza (Parugraph 2,14},

Welght (Paragraph 2.15).

F I

Pl mapraom

2.18.1,1 Conditions of Teats, The tesats mentloned in Paragraph 2,18.1 shall ba conducted
under tha following service conditons: (See Paragraph 1.3,)

Temperature: room temparature only.
+» Humidity: normal room conditions al time of temt.
Pressure: normal room pressurs prevalling at time of test.
- Voltage supply: &% per cent from elther 13.5 or 27 volts de.
. Vibration* mnone,
Continuous operation for at least four hours.
g. Primary ripple: maximum avallable up to 5 per cent at any frequency available
from 100 to 10,000 cycles.

w8 LN Te

2,18,1.2 Fucllities for Test. The contractor shall furnish all facilities and test aquipment
for the preliminary tests and conduct the tests with the participation and/or obeservation of a
cognisant angineer dealgnated by the contracting officer.

2.18.1.3 Notlce of Tests, The contractor ahall notlly the contracting officer at leaat ten
days before he is ready to begin the preliminary tasta in order to Insure preaence of the
cognieant engloneer without delaying the teste.

2.18.2 Finnl Test and ACEII.;ItltLEI. Fioul teatn and acceptance will be conducted at the
Technical Development and Eveluation Center and complete tesis on all subnaquent
deliveries.



Paired with ¥YOR
{tenth megacycle}

DME Interrogation

fmegacycle)

Faired with
YOR,/Localizer
{megacycle}

104
109
110
111
112
113
114
115
116
117

Mode

BEOmD e

0.0
363.5
DME
Reply
{megacycle]
1188.5 oA
1191.0 10D
1193.5 205
11%6.0 or
1198.5 400
1201.0 50F
1203.5 6010
1206.0 ToB
1208,5 S0E
1211.0 90H
Interrogabon
{microseconds)
14
21
ZH
is
42

TABLE I#*

DME-YOR-ILS
PATRING AND CHANNELING PLAN

0.1

966.0

(xi
70
63
56
43

0.2

968.5

0.3

971.0

iD
13G
237

a3F
531

63B
TiE
43H
934

0.4

973.5

4E

FLY %
34D

4T
T4F

4B

Mode

o= L0

0.5 0.6
976.0 978.5
5F bG
151 l1eT
25B 260
J5E 36F
45H 461
S5A 56B
65D bAE
T5C 76H
a5J B6
950 1)
Interrogation
{microseconds)
49
56
63
70
Fii

o.7

381.0

TH
174
27D
3G
47T
5TC
&TF

BETB
9TE

Reply

0.8

383.5

0.9

586.0

FAl
1%C
29F
a4l
498
R9E
£9H
794
89D
IRz

¥Instructions for use of table; The DME cperating-channel aumber is indicsted for each YHF paired freguency. A YVHF
facility frequency is cbtained for a given DME operating channel by adding the VHF megacycle tnits and decimals in the

horizoptal and vertical lines.
*¥¥VHF radio frequency 108.8 Mc not scheduled for assignment to localizer service. Corresponding DME Channel 1 to be

assipned to emergency service,
Guard bands have been agsigned between 960.0 and 962.25 bc and between 1212,25 and 1215 Mc.
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TABLE II

FRUIT CONDITIONS

Fruit wignals may bs of any amplitude from equality te 50 db above the deslred reply mignal,

and of the same characteristice and shapae,

Conditlon 1-A
Normal Fruit
Narrow Band Hacelver

This condition i caused

by the in]ection of random

pulses, ln additon to the
deslred reply, intc the
antenna input of the
interrogator under test.
The following typeu of
fruit comprise this
condition:

{a] 750 pulae pairs per
ascond at the proper
spacing for the mode
xnlactad,

() 3000 pulae pairs per
second at improper
spacing,

Condition II-A
Maximum Frult
MNarrow Band Recalver

Identical to Conditlon 1-B.

Condition 1-B
Normal Frult
Wide Band Receiver

Thia condition is
identical to Condition
1-A, axcapt;

() 1500 pulas pairs
por second at
propar apacing,

{b) 6000 pulee pairs
per second at
improper apacing,

Condition II-B
Maximurn Fruit
Wide Band Racelver

Identical to Conditlon
1-A, esxcept:

{a) 3000 pulse paire
per ascond at

proper spacing.

(b) 12,000 pulss paira
per second at
impropar spacing.

(Saa Table III and Fig. 1.}

Conditlen 1-C
Normal ¥Fruit

Intermediate Band Receiver

This condition shall be
on a linsar percentage
relationahip with the
actual bandwidth batwesn
the two conditions, 1-A
and 1-B.

Conditdon II-C
Maxdmum Fruit

Intermediate Band Receiver

This condition shall be
on a linear percentage
relationship with the
actual bandwldth between
the two conditions, II-A
and II-B.

Note: Trensaponder efficliency shall be conwsldered to ba no lase than 70 per cent under all

fruit conditlonas.
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TABLI ITi

PULSE CHARACTERISTICS

The following rharscterlatica apply to the transmitted pulpe and to standard pulses used for
reocelver toats, (For definitions and standards, see Fig. 1.)

Rise Time: 0.3 microasccnd, or leas.

Dacay Time: 0.5 microwscond, or lses.

Flat Top: &l0 per cent batwesn 0, 9A points.
Duration: 2.5 microseconda, &, 2 microsecond.

Spectrum: 80 per cent of power In band, 40.25 magacycle from
ceanter freguency on any channel.

- CONSTRUGTION OF EQUIVALENT RECTANGUL AR
M ;ﬂ\u______F N AND TRAPEZOIDAL, PULSF 3HAPFS

[AMPLITUDE Al OF AREA EQUAL TO AREA UNDER ACTUAL PULBE

AND PABAING THROUOH THE QD& POINTE (H,K)} ON THE ACTUAL
PULEE ENVELOPE THIZ 13 ARCTANGLE LMNO

I [ BY GUCCESEIVE AMPROXIMATION OBTAIN NECTANGULAR PULBE

[ER: T 3
&

_ _ £ CHOOBE POINTE EF AND IJ OW THE ACTUAL PULIE AT 0.14
i L AND Q.4 LEVELY REBFECTIVELY.

wn

[a]

L, THROUOH H DMAW AHD PARALLEL TO A JTRAIGHT LINE
OONNECTING E AKD I

THROUGH K DRAW DKC FAMALLEL TO A STRAIGHT LINE
. r CONNECTIND F AND J.

_./] - - W . — THEN EQUIVALENT TRAFLTCIPAL FULAE 13 ANCD

HNOTE" AMEA ABCD=AREA OF AECTANGQLE
! Lk _—..T
T .

=AREA OF FULBE
——————— . e -

—

DEFINITIONS

| THE PULXE AMPLITUDE |3 BFECIFIED A% 'a'
2. THE PULAE LENGTH (8 SPECIFIED A% 'T, e THE TIME
INTEAVAL GETWEEN QAL POINTS ON THE PULBE.
3. MIGE TIME, A% UBED IN THIB BPECIFICATION, IR THAT
X FOMTION OF THE TOTAL RisE TIME ARGUIMED FOR THE
FULAE TO CHANGE FROM D.|& TO DA
- 4 DECAY TiME, AB UBED N THIA EFECIFIEATION, |8 THAT

FORTION oOF THE TQTAL DECAY TIME REUUIKED FO® THR
PULBE TO CHANGE FROWM Q%A TO O 14

2 B THE FREQUAENCY QF OREMATION 18 THE MEAN FREGQUENCY
-T /
T OF & BAND AF.FULBE LENETH CHOBEN FROM THE GPECTRUM
RECTANOULAR PULAE SPECTRUM OF WECTANQULAR

BO A5 TO {NCLUDE THF MAX|MUM FOWER.
FULAE

kbl Iy

Fig. 1 Deafinitipn of Pulse Shape and Radio-Frequency Spectrum

“ra.



