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DEVELOPMENT OF A LIGHTWEIGHT 
DISTANCE-MEASURING INTERROGATOR 

PART II 

THE MODEL DIC INTERROGATOR* 

Thiu rcpurl du~cribem the rtnultm of taste conducted at thm Tmchnicrl Drvclopmant Center 
of the Civtl Aeronautics Admlnintrmtion with thm mod.1 DIG distance-msasur,ing intsrrogr*lru 
dcvrlopcd by thr Nvtional Aeronoutlcal Corporation. The Mods1 DIG intrrropator provldss 
continuolu Indication 01 dlatancs lrom n selected Rround’mGtion, It ln compomsd of a rsceivmr. 
diatmnc.m indicrtur, trmnumittmr, md navoclatcd dlatkncs-searching and -trrckiny clrcultm. 
Typical parlormanca data for squipmsnts dsvslopsd undmr lhe contract are prsasnted, rlonp 
with the r..dt. of huh mrdm to drtrrminc compll~ncs with ths development upcclIlc~tlons. 

INTRODUCTION 

The dtntancs-mssnving equipmant (DME) dcacrlbad In thlm report Is intmndmd m. Y 
somponrnt prrt of thr civil-military common aystam for mir ruvigrtiun mnd trnfflc control. 
Its davslopmsnt \ua~ nponsorsd by ths Air Nmviyntion Dcvelopmsnt Board am m prrt of itm pro- 
pr.m fur improvmmrnt of the component parta of the common ayubm. 

The Modal DIG Interrogator provldsn 100 op .rstinp chanrmla through the ume of 10 
trrnsmittin# frsquusncimu. IO rrcciuiny frrqucnclca, and 10 pulse-multiplsr modca. The chan- 
nsllng aynt;m umad bns bean employs in all 100-chsnnsl DME Interrogators. and‘it has boon 
dsncrlbod in never.1 amrli.r r.porln, f ,203 Table I .howa the DME-VOR-ILS frrqurncy pairing 
and channeling plan. 

Thm Mod-1 DIG intcrropltor \yem developed to meet ths rmquirmmcntm of Spccificatlon 
TD-123 which ha. bcsn included In thin report ma Appandix I. The contractor for this dsvmlop- 
msnt wmn thm Nrtionrl Acronautlcal Corporation, Ambler, Pmmmylv~rde. The contractor chose 
to puraus a titLerent approach to the squipmsnt daaipn for compllancs with the npscificmtion in 
the Modal DIG intmrropllor from that which warn used In thm Mod.1 DIB interrogator which wm 
dsmcribsd in n prsvlous rsport.4 Am L rs.ult, the Model DIC lntsrrogator incorpurmtmu I nurn- 
b-r of damip fmtura not rfx$rcd by the ~psddcation mnd not incsrparmtcd In the Model DIB 
cqulpmant. The rnora algnificant of thsns ~7”: (1) rrmott channel salsctlon, (2) crymtnl control 
of both trrnmmittrr md rccciver, (3) dual-scale distance indication. (4) Increased accuracy, 

automatic tranmmitisr- mnd receiver-menmitivity reduction on abort-range opermtion. mnd 
cod.= md d.codrr ualng magnatostrlctlvs delay linss. 

*Msnumcript uuhmiltvd for publication August 1936. 

‘Ft. C. Bordmn, C. C. Trout. and E. C. Wllliam~. “UHF DiutLncc Mcnnurlng Equipment 
for Air Navigation.” GhA Tmchnicrl Devclopmsnt Report No. 114, Juno 1950. 

%. C. Borden, C. C. Trout. nnd Z. C. Williama, “Evnlubtion of lOO-Chmmcl Dlatancs 
M,.auring Equlpmant,” CAA Tschnicxl Dsv.,opment Report No. 119, July 1950. 

‘John R. Hoffmnn nnd Robert E. Carlson, “Dwrlopmcnt. in DME lntsrro&ora,” CAA 
Technics1 Dsvslopmmnt R.porl No. 212. June 1953. 

h,rl. C. Trout md Warren Z. Haworth. “Dsvslopm.nt uf m Llphtwaight Distancs- 
Mannurinp Interrogator, Put I, The Model DIB Intarrogator,” CAA Tachnic~I Dcvelapmcnt 

Report No. 228, Dscmnbmr 1956. 



TABLE I+ 

DME -VOR-LLZ 
PALRMGAMD CHAmELING PLAN 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

963.5 966.0 968.5 971 .o 9735 976.0 9785 981 .o 983.5 9s4.0 

Paired with VOR 
(tedh mtgacydc) 

DME Interrogation 
(megacycle) 

1OB 
109 
110 
111 
112 
113 
114 
115 
116 
117 

11aa.5 OA 
1191.0 10D 
1193.5 2oG 
1196.0 301 
1198.5 4K 
1.zOl.O 50F 
1203.5 6ol 
1206.0 70B 
1208.5 80E 
1211.0 90H 

Mde Interrogation 
(microsem&) 

* 14 
B 21 
C 28 
D 35 
E 42 

1B 
11E 
2LH 
31A 
4lD 
51G 
61~ 
71c 
81F 
911 

2-2 3D 4E 
I2.F Ix; 14H 
27-I 23J 244 
32.B 33C 340 
42.E 43F 4Ki 

531 
h3B 

72D 
82G 
9.u 

73E 74F 
841 

ti:. 94B 

M&de 

7x2 76H 
85J a6A 
95c 9bD 

interrogation 
(microseconds) 

F 49 
G 56 
H 

; 

25B 

5F 

2&z 

G 

35E 36F 
45H 

151 

46I 

16J 

55A 568 
65D 66E 

63 
70 
77 

9J 
1% 

27D 26E 

7H 

29F 
37c 

a- 

3m 391 
47J 

17A 

4a4 

18B 

49B 
57c 
67F E 

59E 
69H rn 
79A 
89D 
9% 

42 
35 
28 
21 
14 

%Insk-ctions ior TLS~ of hble: The DME operatingdarrpe 1 ombeer is indicated for each VHF paired frequency. A VHF 
facility frequency is obbined for a given DME operating channel by adding the VHF megacycle urdts & decimal+ in the 
horizontal and vertical lines. 
-VHF radio frequcnq 108.B MC not scheduled tar assiment to lwtier service. Corresponding DLLE Channel 1 to k 
assigned to emergemy service. 

G-d bands have been assign4 between 960.0 and 962.25 Mc and between 1212.25 and 1215 Mc. 
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EQUIPMENT DESCRLPTlON 

Gubmmqumnt to mnd rrmultiny from the development of the Modrl DIG interrogator, the 
contractor made available for civil avistion mn intrrrcgotor incorporating ths dmmign frmturcm 
of the Model DIG squipmcnl and draignatcd corn Ha Mods1 UDI-1A. Thin Interrogator ham bssn 
hmtcd, and It ham been found to show a mark-d improvcrncnt over the Model DIG tiquipmtnt in 
aavsral important chmractnriuticm. Ths mnjar improvsmonts r.re bmttcr rcllnblllty of opsration, 
incrmmmrd trmnmmittcr-power output to about one Mlowrtt pamk. and improved rscsivmr rmnmitlv- 

ity and signal-to-notns rmtio. Theme improvcmsn~ were muds by minor circuit and component 
chnnyca LLP the components became availabls, and more importnnt. by batter mrnufrcturinp and 
Mmtiny tmrhniqusm mm production pcr~onncl ocquirsd nkill. Thm oriyhnl Model DIC units 
delivered under the development contrmct inrludcd many unlqus design chrrrctttlmtlcs which 
rnhmnccd thm operri‘ontil rellnblllty of the squlpmsnt. The lmtcr commercial Mods1 UDI-IA 
intorrogbtoro hmw barn grmntmd m Civil Aeronautics Adminimtrrtion type ccrMlcmtlon for sir 
nov1gatlon. 

The complutm Model DIC Inwrrogmtor hms an inmtmllsd weight of 32.8 pounds, lmmr 
interconnecting cablsn. It in shown in Fiy. 1. The weight and sies of itr componantm mre 
listed in Tnbls II. 

Fig. 1 Model DIC Intrrrnymtor Complete with Accssmorirm 

The tot.1 wmiEht shown In Tnbla II does not inrlndm thm wmlght of thr hacsaaary 
lntcrconncctlng cables which vrry in Icnpth. dcpandlng on the inntmllation. Bccvuvc mcparatc 
tr.nmmlttlny and rucslvlng antsnnms mrm ummd. two mntcnna cables ore rsquirsd. Thmsm cmblmm 
mrm nolid. dimleclric. coaxial cables of approximrhly 50 ohmm l urge impsdancs, usually 
RG-50/U cable: however. in inutmllationm rsqtirlng longer sntsnnr cmblcm. RG-g/U ham been 
ummd md iu rccommendad. Thn mlnnna comactoru at the intsrro&or propmr mnd ml tht mnttn- 
nas mre Type BNC,’ and Type UC-Stl/U or similar fitt. g IT, n mrc umcd with RG-58/U cnblm. 
Admptcra or vpacl~l fittings nre rmquirrd whau lmrgcr cnblsa such em RG-A/U arc uud. Intar- 
connecting wiring or rmblm lu rcqulrcd bctwtcn ths main unit md the channel aelector, indicmtor, 
and OFFaN wvltch. Minimum size of this wlriny mhould be No. 20 AWG, mud it should be 
hrp,cr for longthm in OXC~YII of 20 fumt or for 13.5-volt ins+alhtionm. 

The primary power mource of tbn intrrrogmtor Im 27 volts dc or 13.5 volts dc. depending 
upon connnctionu mode within the unit. Ths chmym from onu voltage tv ths othrr im mndt by 
chonglng soldered-wlrs mtrrpa on Icrmind boardm in thm control unit, powucr-mupply unit, nnd 
nhorkmount. Power coomumptlon im 6.3 mmpmrmm ut 27 voltm snd 13 ampsram rt 13.5 Volta. 

Reliable or “rirlins” type tubcm have bssn utili.sd in the circuit dsaign wharcvmr pmmibh 
to improve rrlimbility tid l tobllity of equipment pmrformmnca. This inbrroaator employs a 
tutrl of 35 tubes, 30 of which fire rugRadiz=d rcllobls types. Of ths rsmoinlng 5 tubes. 2 m=e 
thyratronm mnd 3 LTU trnnatnittlng typsn. 



TABLE I, 

SIZE AND WEIGHT OF COMPONENTS OF MODEL DIG INTERROGATOR 

Component CM Type No. 

Interrogator 
(mrin unit) 

Chrnnnl Sslsctor 

Dimtsncs Indicator 

TraommIttinR Antmnnr 

Rccmiving Antsma 

Shockmount Aaaambly 

Antsnnu Plu P 
(4 rmquirsd “I 

Indicator Plug 
(1 requ1r.d) 

Total 

DIC 

DIG/l 

DIG/2 

DIG/3 

DIG/4 

DIG/5 

Length 
(inches) 

23 l/4 

2 5/E 

4 l/2 

1 l/4 

1 l/4 

25 3/4 

Width 
(tncht.) 

Hcipht 
(inches) 

4 15/M 7 3/4 

2 2 l/2 

3 l/4 3 l/4 

1 l/4 3 3/4 

1 l/4 3 l/4 

5 7/a 9 3/16 

_- -- 

Weight 

(pa-W 

25.5 

0.4 

i.a 

0.1 

0.1 

4.6 

0.1 

0.2 - 

32.8 

Circuits mro included In the Mod01 DIC interrogator for rrducing ths tranmmittar perk 
power output mnd rccrivmr uenmitivlty to alimin~ti or raducs multipath or echo effwcts when 
flylnp within L faw miles of m ground l trtlon. Both transmitter power md rucsivsr-asnaitlvity 
reduction are adjuatnblc. Ztro lo 10 decibel (db) rcdwtion im rvailsbls for the traumltttir 
power, and ZICTO to 20 db attsnubtlon for racrlvrr msnaitivity. Thsss rcductionn arm rutomatic 
in that they are accomplishad by the rur~s rslay when the rmgm oyvitch is sot to the short 
(ZO-m11c) rmga. 

The major charmctcristica of the Mods1 DlC LntcrrognLor arm yivsn in Tmbls 111. 
The mcchrnisrl construction of the intcrroyrtor im such that the ssvsral component pmrta 

of ths unit are fastened to P metal utructurs or “backbone. I’ All machPnlca1 md mlsctrlcal 
connactlonm are mrdm mimultmsously with futcning, rllowing ths component part. to bc intmr- 
chrngsd or ssrviccd mtpmrntCly for convsnisncs. A vlsw of ths Marx-o&or unit, partially 
dlnnmmrmblsd. is shown in Fig. 2. The brckbons with the channel-selector unit, ranga wit. and 
rscsivmr in place, 1a shown at the lmft. Thm power-supply tit 1~ shown in the cantmr. wltb the 
tranmmittur unit at ths rlBht. Erch 01 these unlta in diurummsd in the following section. 

Trmnmittsr. 
The trnnsmlttrr of tbc Mod-1 DIC interrogator In the dirmcr. crystrl-controlled type; t&t 

In. thv output of L crystal-controlled oaclllntor Lm multiplisd rnd nmpllfisd to product the x-m- 
quirsd radio-frequency output. Bccuuvr mimultanmoun amplillcutlon md frmquancy multiplication 
In m slnglc vacuum-tub. a(rgm mr. difficult at UHF with prcmant tubs. mnd tochnlqusa, nmplUtc.- 
tion of ths signal to nearly the output-puwmr lcvnl in sccompUmhcd in the cmrllcr q +sm of ths 
tran.mlttcr. Lntrr atmpra multiply the frequency to tbc finm1 trrnumittinR frequency. A block 
diagram of the tr&namittcr La shown in Fig. 3. 

The crymtai onciilator utiliae~ P BUtlCr ovurtonc orndllstor circuit with lllth-h&rmo& 
mods crymt.1. Ln the Irrqucncy band of 80.292 to 82.167 magncyclcr (Mc). Ton cry.t.lm mre 
provldrd, md thr crymtml in wm In swltchsd by the chunnml-uelactor mechanism. Ths output 
of thm omcillmtor atage Is applied to the prld of the fol.lowing ntago which has ita plate at aero dc 
potsntlal; and igO-volt negative puln~o, 2.5 micromsconds In duration, are mppllad from thm 
modulmtorm to thm crrthodo no that b pulsed rf output iu gcnrrrtcd. Thr following four atagr# of 
thm transmitter nre supplied wltb dc plutc .nd .crmmn voltsgss and are blamed .o that autput 
pul.ru LP~ produced only when grid driving power La pru.mnt rnd no pulno modulation 01 thc.c 
stmpm tm ncccnPPry. 

The hAN5WA ampllfiur mtnyc opmrrtsm straight through, and the loot three .tag., of ths 
trmnmmittsr arm frequency multipllcrm. doubling, tripling, mnd doublinp in that order. to producc 
rf output palm-m of 12 timam ths crystal-overtone frequency ol from 500 Lo 1000 wsttn pdnk 



TABLE ~1 

CHARACTERISTICS OF THE MODEL DIG LNTERROGATOR 

Intcrroprtor Pulms Length 

Intsrrogat1on Rate 

Mrtimum Distance Ronycs 

Mlnirnum Trnnamittsr Power 

Intsrmsdlatc Frcquancy 

?“icmory 

Plato Power supply 

Racelvcr 

Hscslvsr Crystals 

Rscslvsr Mixer 

Antsnnun 

Encoding Dslny 

Decoding Delay 

Dhtanct IndicPtnr 

Dhtancc Accuriwy 

Number of Tubas 

2.5 micronrcondu 

LO to 30 per nscond (adjustable) 

200 mtlss and 20 miles (nautical or afatuta) 

500 watts pcok on zoo-mih r.qs, 50 to 500 wmttn 
pork on ZO-mile range (adjustublc) 

-75 dbrn on 20cLmIl. rnngr, -55 to -75 dbm 
on 20-ml10 rmngs (sdjuntabls) 

25 msgscyclss 

15 to 20 accorda 

NonaynchronouP vibrrtor type 
(Intsgr.1 with Lntsrrogstor) 

Supsrhctsrodyna with cry.tal-control1.d local 
OaEIIlulor IOUrcm 

CryPtal oncillator, multlplisr, amplidsr type 

Fifth mods operation. BO.292 to 82.167 mcyncycloa 
(10 uaed) 

Fifth mode operation, 75.844 to 77.250 mcplcyclca 
(10 used) 

Ggrmvnium diode, Typo lNl3 

Trmnmittinp. one-qubrtsr wuavslangth. vertically 
polarized; rsca‘vinp, on~-~unrLcr wnvrl.nwth. 
vcrlically pu1rrin.d 

Nlck.1 m.gnmbPtrictivs linn 

Nickel mbgnstoatrictivs line 

270’ dc Inntrumsnt, hand-calibrated 

a0.5 Inils or k2.5 per cent, whlchcvcr i. prcPtrr 

35 

$a. powsr. The lsnt three trbnsrnlttcr atogcm lnl-orparrti trimmer capbcitors machanlcally 
Hnksd to the chonncl-•rlrction mcchani=m to tune them accurately tc the mclcclrd ch.nnal. 
Tracking rdjumtmonts slao 8re Included for each of thtsc thrvr stagnn. Ons-qubrtar-wavclsnpth 
rsnonant cavltlcs arc uacd for luning in thn pints of the Type 4XlSOA triplcr q tngc nnd in ths 
grid md plmts of thn Typo 4X150G output-doubler atap=. 

Rsductlon of the transmlttcr-output pow== ia .ccomplishsd by adJn.tmant of the 
transmlttcr bias aupplimd to ths lbat four atagas of the transmlttcr und in awitched for long and 
short rbngss by the range-awilchiny rnlry in ths rrngs unit. 

Flrrsivsr. 
Thu rrcmivmr uumd in the Model DIG interrogator is thr nupcrhrlrrodyns type with direct, 

cryminl-controlled. local oodllntor signal. A block diagram of thm rncsivsr in shown in Fig. 4. 
Tmn fifth-hnrmonlc moda crystala LL~C provided in thm frequency band 75.844 to 77.250 Mc. 
and the proper cryaLL 10 uwitchnd into ths circuit by the chapncl-•rlrctor machmi.,,,. The 
crystal-ovsrt.ons frequencies are one-alxtccnth of thy rnquirnd mix-r-injection frsqucncy for 
25 Mc nbova the rscsivsr bnnd of 1188.5 to 1211 .O Mc. Thw output trnk of the Butler oadllator 
circuit iu tuned to twice the cryntnl-ovnrtona frsqusncy, which then is quadrupled by P 
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Fig. 2 Modal DlC lntsrrogator Pnrtinlly Divasrsmblsd 

FLg. 3 Block D‘agr~m of Trnnnmlttsr 



FL&. 4 Block Diagram of Rnrsivrr 

pcrmnnium crystal-diode multlplisr. Typo CK-715. The local oscillator sign.1 ia further 
doubled In the gsrmmium-dioda miucr, and It 1~ hstsrodynsd with the rucvlvcr aign.1. Prs- 
.al.ction uf tha signal from the antsnn. la provid.d by three one-quarts=-wrvslanylh rclonant 
Hnsa. with ths third loop-coeplcd tu the mlxcr crystal. A on.-quurrlcr-~~vclsngth reaonmnt lin. 
1. provld.ud for tuning the output of the qubdnapl~r cryatrl. nnd It Is coupled ia thr third 
prsssl&tor-tuned 1111s md th. mixer cry.t.1. 

The rcaulunt 25-MC lntcrmsdiats-frsqu”~Fy siin.1 in Pmpllflcd by four doublm-turwd 
pentods stages, and it in dsmodul.tod by I vimplc dlodc detector. Tha prid bi.. for the 
intcrmrdillc-frrqucncy at.gan is wppllod from the rmgc unit nnd gatsd ~0 thrt the rmplificrm 
.re cut off .xcspt for rbout 3000 mIcro.cconds after tran.mis.ion of an lntcrrogatlon-pu1.n 
pmir. The unplituda of the ON portion of thi. yrtc 1~ controlled to adjust r.c.ivcr y&In and IS 
nwitchmd for ch.nRing rccrivcr acnsltlvlty on long snd short r.ugc., If dealred. 

A vldso ampllfisr snd c.thoda follower arc included on thn rncslvcr choaols for 
smplific.linn and coupllnp of the detected reply pulss. tu the dimhncc-mcasurinpp clrruitP In 
the range unit. 

Range unit. 
Aa In previous models, the rrn~s unit ia the hc.rt of the Model DIG interrogator lno~much 

. . it generaten 111 timing functions, dccodsa replies, snd supplico P voltage output proportion.1 
to diatmcc to the indicator, In rddition to parforming other secondary functions. In the 
description to follow, frrquent rcfarsncs to ths block dlayrum in Fig. 5 .nd the timing rslrtion- 
l hlpa .hown In F18. 6 will bn helpful in undcr.tPndlng the opsr.tion of Iha rrrnyc unit. In F18. 5. 
. number uf v.cuum-tubs stanss have berm 0mitt.d or combined with oth.rn to simplify the 
di.flr.m .nd to clnrlfy the cxplanatlon of the c,rwit. In cvary case, the omittnd ntrpr. YI-~ u.cd 
for clamping, ampllfylng, or imp-d-cc ch.nElng. 

Bscbuss the mnthod of mcr.uriny diatnncc 1. through msanursmsnt of time inlcrv.1~ with 
the vcloclty of propagation .m . standard, th. accurrcy uf dial.ncr lndicatlon Is dependent upon 
ths sccurrcy of th. timinp circuit. within the rtigc unit. 

To begin tbs complete cycls of opsrrtion, I p.ir cf nsgatlve pulncs of about 180 volts 
amplitud. and 2.5 micrnvccondn in duration are produced by the modulatoru. Becauac they arc 
the MUCOUS type, two modulator tubas .~e rmqnirsd, one for c.ch pti.a, with pulns-forming 
nstworkm for ..t.blinhinp the 2.5-mlcrosccond pulns lsneh. Ths f1r.t mcdulator operate. .fl 
P rclwatlon oscillator at shout 2S pu1n.v per a.cond. A garmaniurn diode CK-705 iE lurd P. a 
noi.. .ourc= to jitlcr the flrlng of this tubs In order to producr Y r.ndom flrlng rats. Thin prs- 
vnntn .ynchroni=ing of rirbornc lntarrog.tora opsr.tinR with . common #round trnnopondsr. 

When ch.n+g chann”l.. the d-1-y h.tw..n pul~c p.lra must vary from 14 to 77 
micro..conda in atcpa af 7 microseconds. Thin 18 .ccompliuhrd by USC of P rnagnatostrict.ivn 
ds1.y line. The m.pctoutrictlv. propsrtlas of . nickel tubs cre utilierd to produce PII acouatlc 
W.Y. which tr.vnls down the tube at CI apssd of about 5.28 mlcroacconds per inch. A driving 



Fig. 5 Simplified Block D1.gr.m of Rsngs Unit 

coil and 10 pickup coila LP~ .rr.ngsd cm the tubs to glvc tba proper dc1.y. Th. outputs of the 
10 pickup coil. are switched by thr ch.n.l-•clcclion mschrnism to the mods for the channel 
In ma?. 

ITI order to ovsrcoms the ruther high lnmcrtion lo.. of the mrynstnntrictivs delay line. 
the length of nickel tublng i. 1u.crt.d in the csntsr of the firat modulator pulse-forming network 
toll. Thea pul.a-fuminp n&work then functions addltlonally PP the driving coil for the encoding 
dn1.y line. The output of the delay lint then 1. rmplifisd l d unad . . n trigsor for the second 
modul.tor. The uulput. of th. two modulator tuba. .rc comblnad to produc. th, intrrrogrtion 
pulmn prir. 

The huic DME .ystsm is srrangsd mo that thm di.tLnc. mc.sursmsnt Is always made 
from the second inturrog.tioh pml.. to tha l scond rnply pml.a. Tbi. allow. th. duc0d.r. in both 
the ground .tation .nd thr lntcrrog.tor to receive .nd cx.mioc both pul... of . pair bctora 
notifying tho .s.oci.tsd circuits that. correct .ipn.l has been rscslvsd .nd tilewing lb.+ mipn.1 
to pus on to the time-msaauring circuit.. For this ~.b.on, . small omuunt of the output of the 
second modulntor 1. lucd 10 trlggsr the rscslvcr-gate gancr.ting circuit and the range 
ph.nt..tron. thu mnmrgising the rscslvar and bepinning ph.ntastron delay at the timr of tbc 
second Intsrrogotlon pulau. 

Th. r.cs1v.r grts is . sign.1 baginnlng .t Lhc time of the sscond modulator pu1.c .rd 
sxtandlng for about 3000 micn-mmconds thorsaftsr. The tlms intcrv.1 of 3000 microsecond. 
corrs.ponds to about 250 nautlcsl mllcm. TM. g.*l i. u.sd .B bin. on the rscclvcr int.rm.di.ts~ 
frequency q trig to turn it on md lsrvs it on for P .tificlcnt time to rsceivs .U reply .lgrml. 
within the range capabiliticm of tbc Intarrog.tor. At tbs end of tblm tlm., th. r.csivsr is turned 
off. Thin .llow. .n rpprscirbl. .vsrrgs powsr .aulng in p1.t. uupply to the racslvar. 

Ths rsnge phantastron produce. a comlnuoumly v.ri.bln time delay from lc.. tb.n 115 to 
about 3000 mlcro.econd.. corrcopondiny in dintawe from mm to more than 200 nautical mile.. 
TM. d.1.y in contro1l.d by L dc voltags appllsd to the plntc. .d It I. linssr to . very prsci.. 
dmgrso with respect to the control voltqc. The IIOUIC. l d ~meration of thin control volta~s 
will bc diucm.nd 1.t.r. Tho ph.ntastron In the lntarrogator us.. vrcuum-tube diode. for 
clrmping (both the start and stop Pction) and precision tnlnpsraturs-compcn..tud componmt. to 
prould. .n rccurrts snd st.bls linear tFmc b..e for di.tanc. ms..eremsnt. A .hift or chmp. of 
thi. ds1.y for . given control voltage -pp..=. LO LII .r~or in r.ngs mc.auram.nt rftcr ths unit 
ha. been c.1ibr.t.d. 



Fig. 6 T‘mc lIalntion.hlp. of R.ngc “nit 

At the axpiratlon of the delay generated by the phantwtron, LL trlggsr output I. lurnluhed 
to the early and late g&e genurator.. Both of thcas g.te gtncrrtoru YTY unr-.hot blocking 
oncill.Lor.. producing i-t.. of rpprudmalaly t-n micro.hconds dustion. An LC-delay nst- 
work of about ssvsn mlcrossconds Is inasrtsd in the trigger to the late gate grncr.tor .o thvt 
tie gate. are produced with an ovcrlnp of abaut three mlcro#cconda. The two gut.. thu. pru- 
duc.d th.n .I-. fed to ths mmrly snd 1st. coincidsncs tubs.. The occurr.nc. of colnddsntal 
01~aln to tha early or lsts colnddsncs tubes then is dependant upon . reply .ignol occurring 
during the ten microaccond. during which these g.tc. .t’c prracnt. 

By use of theme circuits, it can be assn that the delay of the aorly .nd l.ta g&cl to the 
coinsid.ncs tubs. with rsfnrancs lo ths second intnrropstion pulns Is controlled by the 
phantastron control voltage. 

The oprrrtion of the rmpr-wit di.t.nc.-m..nurinw circuit. con.i.t. of thrso conditions. 
Thorns hnvs bssn called “search,” “track,” and “memory” condltlons. During ths scorch condl- 
tion, LL ch.nnal hos bean selected and a p.ircd-pulse lntarrogltlon La being tr.n.miltcd by thr 
lntmrroy~tor. Th. di.t.nc.-m...urinE circuit. than, in .ff.ct, .r. s..rcbinR all dintsncss from 
‘=mro b 200 mils- for. uynchronoun reply nl~al. Upon reception of. proper reply, the Intsr- 
roaator then is required to ch.ngs to tbc track condltlon. During tic track condltlon. the Lntcr- 
g.tor i. indic.tinR di.t.ncn continuously by r.ms.nuring th. round-trip transit time of ths 
pulac slgnalm. During thl. condltlon, the gate. .re following the sign.1 In tlmc, and .a 
int.H(r.tsd dc contrul vnltsgs i. derived in th. r.np. unit to control thsir ds1.y po.ition . . the 
tlmc ‘ntcrv.1 incr.n.ca or dccrcnsc.. It the a‘gn.1 lo loat during trncking, the lntvrrog.tor i. 
required to go into the mwnory condition for . ilhort period snd to =..umo tr.ckinR if ths nip.1 
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reappears within 15 to 20 u.condn. ‘l’hls memory condltlon prcvcntu initirtion of ssorch octlon 
rnd loss of time In resumption 01 tracking by holding ths trscklng gates at ti conslmt d.1.y and 
the indicrtur rl th. 1n.l indic.tsd correct mlltoge for the dur.tion of th. m.mory period. At 
the sxplratlon of memory, tht scrrch rrtion is resumed. 

It c-n ho ..qn that in the three condltlona of ucnrch, tr.ck, md m.mnry, the phant.atron 
control Volt&at IS darlvad ln fi dlffcrcnt m.nn.r for smch condition. A ssorch-track re1.y ip 
u.cd tu tr.n.fsr the control Rrid of the servo-tiplificr tube in Y Millrr run-up circuit from 
self-controlled to slctcrnally control1.d op.rstion. During asarch, a large capacitor coupling 
Its grid to il. p1.t. 1. ch.ry.d .lowly from R negative voltage source through Y high r..i.t.nc.. 
The action CPUP~. the phuntontron contrul volts~s md the time delay of the early ond late gotra 
iu increase. ‘This lncreass, beginning at n control vo1t.g. wrr.upondinH to vomswhat below 
.cro roils., risen b II volta~s corresponding to more than 200 mUc. In .pprotim.ttily 30 
aacond., In thin m~nncr. th. @t.. .I-. c.u..d to search from zero to LOO mllss In 30 second,. 
Rsc.une the Indicator meter In connected to the phontaatron control voltayc, the point.= .wropa 
slowly from zero to 200 milur .t th. ..m. time. 

Contacts provided in the indicator meter clove when the polntcr rr.chr. full uc.1.. Thnss 
contncta urc connected to tht MLllcr ran-up c.p.citor .o thrt upon clomin# they qulctiy discharge 
it, cruving ths ph.nt..tron control voltnns, early and lat. gate delay, and the indlcaior m return 
qnlckly to tier”. Thla qu‘ck return is called “r.tr.cc.” Immlrdiulrly upon wturninp to zero, 
thr cyclr I. rspsrtnd md .nolh.r .n.rch from zero to 200 milss is hewn. ‘This search ond 
retrace action continues until. reply slgnol ia rucclvcd .nd the r.ngc unit “lock. on;” th.t i.. 
chnnyru b ths trrsk condition. 

As soon .B . synchronoun reply slgnal ia racaivcd, it ia nscaasary to dctcrrnlnc 11 It in of 
ths prop.7 spncing or mods. Thi. dscoding in accomplished by UB~ of. magnstoatrictlvc delay 
line aimi1.r La that dcacrlbcd cnrllcr for pruduriny th. int.rroR.tion or tr.nvmittnd pulas 
.p.cin~. The reply-oign.1 .p.cing, like ths interrogation spoclng, la from 14 to 77 micro- 
seconds. in multlpla. 01 7 microacconda. From thv output of thr rccciurr, th.0. pu1.u. .I. 
.mplifind nnd dmlaysd throuph the ms~stoatrictlvc llns. The line ban 10 pickup colla with the 
one In uoe sslactad by the chlmnsl-selection mcchanlsm, DO that a delay is inserted equal to the 
“pacing srpsctsd on th. rh.nn.1 in UH.. Alunp with th. undslryrd rar.iv.r vid.o. thi. dn1.y.d 
video s1,gn.l la appllad to the colnddancs tube.. 

Two truck+, colncldcncc tuba. arc prouldcd, nnd both arc .d,u.tcd to rcqu‘rc Plmvltvncouu 
.pl,llcatlon of three olfln.1. to .ecure out,,ut. ‘The surly coincidence tvbs requires nn undslsyod 
video pulp. .t Lt. control grid, . dclkycd video pulac at Ita suppraasor grid, and tht early gate 
nt Its screen grid. The conditions for the lato coincidsncs tubs SW ths ..m. sxcspt that ths 
I.ts g.ts io applied to it. .cr~.n. Ths output. of hoth coincidnnc. tub.” .TC coup1.d to th. pal.. 
detector no that colncldcncs occurring In slthsr or both tubsa wt11 trig@sr ths pulno detector. 
The pulse-detector output, wh.n mctifi.d and .mplifird by th. rslay xnp1ifi.r. will oprrnta tha 
ar.rch-trrck rrluy .nd will transfer control of the servo-nmpllfler grid to the output of the time 
di.criminnt.or. 

The Lnput of the tlms dlocrimlnator In connected to the output of the colnddsncs tubsa BO 
that ths wtput. uf thr two ttibu. LTU cumpurud. Equal .ign.la nt the outputs 01 both colncldunc. 
tubsa ~111 result In zero outpllt from th. tims di.crimin.tor, but vipn.1. uimult.n.ou. with 
aithar ths srrly or thr lntt gotc alone vi111 rcault ln n negotlvc 07 a posltlvs voltage, rcapsctlvc- 
ly, ot the grid of the nsrvo-rmplifisr tuhn. Thin vo1t.p” thnn will sh.rp. or diuchuriu Ihr prid- 
plntc cnpocltor 01 the ner‘vo tube, altsrlng the phantastron control vo1t.K. .nd ths d.1.y of thlr 
early and late gates. Thin rctiun iu II mntbod of .utom.tic trrckiny which kc.pn th. thruu- 
micronscond ovlrrlrp of the crrrly nnd lotc g&tea ccntcred on the second pulse of the reply signal, 
btcnuac the tlrna of tbs second ~~1.0 In thn only time .I1 thrss migndn LT. pr..rnt rt th. 
coincidsncn tuhsu. 

The dc output of the pulse detector slao 1. usrod b chrrga ths msmury c-p.citor. Thi. iu 
Y l.rp. c.p.cibr wlth oxccptlonolly low Internal-lsakngs rsslstsnco, nnd it lm used to msintsin 
ths bias on the grid of th. rcluy-rmplifiur tube during alpnal lntsrruptlona of short duration. 
Retention of this blss for psrioda nf 10 tn 20 ..cond. prwrntu the uuurch-trnck relay from 
uparrting. Thiv provldca the function of memory. Bocauss thsrs i. no .ppr.ci.bl. output from 
the colncldcncc tubes to producs tr.cking-control uo1L.p. duriny vign.1 lo.., the tracking @aa 
and tb. di.t.ncr indic.tor rtmoln stationary nntll ths memory-c.p.citor sharg. hau lurked uff. 

The dlstancs-ms.surinR .y.tsm includru I lhird rlrply pul.e which LI transmitted by the 
ground ntation for purpo..# of confLrmlng the idcntiflcatlon of the transpondsr in u... Thin 
third pulse 1s keyed at the ground .tition in vynchronlvm with the M0r.c Cods ldantlfication of 
the s.aodat,sd VHF n.viR.tion f.cillty. .nd it occur. 10.5 rnicroasconds after fho second rsply 
pulse. An identity detector md . pul.. umplifiar .ru included ln the range unlt for 1ndicatLon 
of th. prcurncs of this ldsntlficatlon signal. ‘The Indic.tiom i. m.du by ~CP~Y of LL neon lamp 
which cm be mounted remotely from th. int.rrog.lor. 
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A series-regulator tubs with it. ..uuci.lcd rcfcrancs tube .nd control ~plifier alao In 
inclndad in tha rvnyu unit for occurota regulation of thu plrtc nupply to the phantastron .nd for 
ut.bllla.tlon of the dalny produced by thin circuil OL~CT wide limits of prim.ry input voltages. 

250-volt po.itivo plrtu .upply i. rccliflcd by two Type 6X4W. hiyhlv.cuurn’, mlninturrr r.ctifivru 
In a lull-wavs circuit. ‘l’hr remmining thrau racliflcra nrc ancapsulatvd mclcnium unita .B 
followa: (1) two rcctlllcrs in 8 half-gnus doubler furniahlng 2700 valtn ponitivn fur trun.mitter 
hi h vultrgc, (L) minylr half-w.vc unit furnlshlng 480 volt. nmp.tivc for trunarnittsr hi.., and 

(37 o~n,qI. half-wave unit furnishing 500 vnltn puaitlvc fur modulator pl.to volt-y*. 
Because th. Type 4XITOG tubs uvlrd in the output sta~o of thu lrvnamltisr rsquirrd 2.6 

vnlh LC peak for ita hunter, it wnn nscsnssry to dmrivu this voltage from . vpnci.1 wlndlng on 
the vlbrotor tranoformsr. The h..tsrs of all ulhvr tuben nre operated in. ocrico-parallel 
ntrin,q from ths primvry dc power aourcc. 

A l5-occond tlmc-delay relay is pruvidmd to delay the maJor lord on lhs vibrator by 
dnl.yinR .pplic.tion nf Ihu hcvtcr voltogu to the Typm 6X4W plntu ractiliars and tho Type 4X15C-Z 
transmlttor-output tube. This d.1.y cuniributca to long, rsliabls vibr.lor 111~ by limltinu thn 
Inorantmnsoua ha.vy ,o.d tu Ihc vibrelor contacta whan the pr‘mary porusr switch iu cloucd. 
An addltlonol 60-second time-de1.y rulvy i. provldad to prnvant applicrtlon of pulses to ths 
Irunamlttcr antll it has bssn thorouRhly w.rmcd. 

Bscrlun thr primvry input power to the in~rrogator c.n bc clthar 13.5 or 27 ~0110 dc, 
tcrmlnol bosrds we provided Ln thu power supply for changing connrctionu Lo tbu vibrator- 
tr.n.forrnar primary and heater connnctlonu for the two voltages. A 13.5-volt vibrator IS uand, 
with a rsaistor Inserted in il. roil for 27-volt operation. Du.1 prlmarls~ pro provided in the 
vibrrtnr trmaformcr with strlos or parsllal opmrrtiun. dcpandlna on ths voltrya of the power 
input. A l/32-ampcrs fuss ia 1oc.t.d undurnc.th the power-oupply chammia for protection of 
the 2700-volt trsnvmittrr hiyh-uultlyc pupply. 

Chnn”ol-Sslsction-Cuntrnl Clrculta. 
The channsl-selection function of the Model DIG intorrogntor ia rccompliaisd In the 

intnrro&ur by rotrry nolanold stepping switchcm called Lcdax units. Therrr wnita .rc uatd to 
operate ordinary wafer witchc. to aulcct the proper crynt.1. ln the trnnnw,ittsr and rscnlvsr 
snd to q mlsct Ihc proper tolls in the oncodinp md decoding magnstoatrlctiv. dnluy linti.. The 
aslsctor nwitrhan fnr thv tr.nnmiticr and rocsivnr frnquuncirv tire controlled rsmotely by Y 
uwitch in the control panel. and the mod. vwitchcn (encode and dmcods .p.cinyn) are controlltd 
by .n ml.rtric.1 diffcrcntiol myatcm alno .tt.ch.d tu the trrmsmlttar- nnd r.cniv.r-frrqucncy 
Lsdcx untta. There 11-4 10 wrfrrv nf 10 poaltlons each on tic .hxft of the rccdvsr Lsdox unit 
.nd one w.f.7 nf 10 poaitiona on the ahoft of the trbnamittcr Lcdcx unit. Thnss wnfnr. .I-* 
ucd to mcloct the proper intsrrogslinn .nd rmply .paclngn for the chnnn.1 in UPC Iry c?ntrolllnfl 
thm mod. Lcdrw unit. The problem Is almplifisd b.c.v.c only 10 01 the possible 100 combin.- 
tions 01 spacings .re us.d tn m&c up Modcv A through J. with the mum of tha Interrogation and 
r-ply upvclnpu nlwny. ~qu.1 to 91 micromocondm. Thuu. for Mods A, thn intsrroR.tiun .pncin~ 
I. 14 microvccundu .nd thu reply apacIng Is 77 microslrcond.; for Mode J, thr lntorrogbtion 
apoclny is 77 microseconds and th. rmply .p.cing i. 14 micronocondn. 

A npcclflc awltchlng system w.. .p.cifi.d for UYC in the Mods1 DlC intarroprlor fur 
controllinp thr Lcdcv units from the control panel or ch.nn.1 arlvclor In order to conform with 
channel-selector unltn rlrrvdy produced for VIFF navlgatinn receivnr. which Incorporated 
l witch wtirru for USC With DME intsrrog.tur.. Thin vyutsnl allows the use of I rommun 
control head for selectinK th. correct +=cd DME channel simult.ncou~ty with oetcctlon of m 
VHF nnviR.tion frrqucncy. The palrlng plnn, T&l. 1, i” followed in aelecting th. chsnnsl of 
operation of all DME Rwund ul.llunn. For thin ~e..on, only th. VHB” frcqucncy In use la 
mrrksd on the conlrul-huad dials. 

The specified nwitchinR vyntcrn requlrsa that . wire bs yrounded for each conascutivs 
,pir uf whulc-megacycle ntops of the control for DME UBB b&we-n 100 md 117 MC. An auxll- 
i.ary w-f.= lhcn iu provided to Indicate odd OT .von whulc-mcgacycls steps by nupplying . 
ground on thm odd-mcy.cyclc steps. An odd-even relay then ia required In t.ho inl.rrog.tor to 
povition the receiver Led-x lrtngpinR unit lo the odd or nv.n whole-mtyncyclt ntep 01 the pair. 

The vwitrhiny nyatcm also requires th.t onm of ten wirea be grounded for mrch onn-lcnth- 
mcg~cyclc .tap of the control. .nd thi. yround 1s usad to poaltion Ihn trmamlttcr Loden atcpping 
unit. Thi. .y.trm tillows the selection of .ny on. of the 100 available chrmnrl. with 16 wircu. 
10 for the one-tenth-msgscycls xtupu. md 6 for tbc whole-msR.ryclr ulcps. 
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In rddition to ..lsction of transmitter crynt.lm .nd ths mode-diffsrsntlal switch, the 
tranamiticr-atcppinp unit is connected mschanicslly through gc.r. *1 . ahaft in the transmlttcr 
fur pouitionlng the trimmer capncltors ln thr la.1 thr.. st.gsn of the transmlticr. Thla 
arrangcrnant allow. thlr trrnnmittsr to be adJuatad for optimum output 4v.r . wids rnngs of 
CruqurnEins, 

All of the Lsdax unita In Ihc intsrroRntor mre arranged with apllt windinp. in th. .olenoid 
drtvlng coil. .o thnt . narian connection of the two wIndinK. i. u..d for 27-volt operation and 
n pordlml ronnsctlon la used for 13.5-volt operation. A terminal board is Inclticd In the ton- 
lrol unit on the lnttrropator tu .llow thin connection chanKa by soldcrinp wirr jump.=. b.t\ussn 
the corrsct posts for ssch primary power vollryc. A tins is provided on the dust cover of the 
ch.nnsl-aslaction mschanlum for protsrtlon of the coils of the Ladax tit.. TM. fu.s is 
accesaiblc wilh ths duvt cove= in place. lto rvting duprnd. on the power-source voltage in une. 

Miac.ll.nsous. 
A comp.rhsnt .t ths 7e.r of the ahocktnount unu.mbly ha. bssn used to hous . 

csntrifugal blower unit which Curnlnhe. circul.ting sir for cooling. Air drculatlon la rtqulrud 
to cool the Typ. 4X1500 trmnmmittsr-output tuht and to Lmprovc hcnt dl..ip.tion from the 
rcm.ind.r of th. unit. 

A aockct LP provldcd nt the r..~ of ths shoclrmount to rscsivs an optlonol r-1-y for plkciny 
tht lntcrroy.tor in . .Gndby condition if n VHF n.vigotion frcqu.ncy .bovu 117.9 MC i. ..l.cted. 
Thin function is not needed if tbc inlcrroy.Lor iu uuad with thn chsnnsl-selector control hand 
Iurniahrd with th. unit. In thiw c.B~, the rslsy is replaced by & shortlnp plup. If it i. d..ir.d 
lo op.r.ts the Interrogator with P common control hc.d in conjunction with . VHF navig.tiop 
receiver. the uhorting plus ia rsplscsd with the relay. 

‘Ths trnnsmittcr .nd rscclvcr of thu intsrrogstor arc dssiRn.d b UI~ separate entsnnal. 
Two b=. furnlshsd. These antsnnaa arc aimplc on.-qu.rt.r-w.vclPnRth atubs of -lightly diffsr- 
snt lcnpth. in rccordsncn with the center frequency of their rsapsctlva band.. No rp.clul 
mstching atobn or sections ale ncsdad bec.unc the lmpsdmc. of the -Lmn.. at the fssd point, 
when mounted on the nlrcraft akin. .pprorim.tsn thrl of the cobxisl cable (52 ohma). 

A ts.t rsceptbcls Is provided on the front dlut cover of tbs lntcrrog.lor which mnkrm 
avnllabls the video output oi ths raccivur and thr lrigpcr output of the .acnnd modulbtor to 
f.cllltYtc connEction of .n orcillovcops snd nignal gencr.tor. This connection nllowa bcnch- 
checking without rcmov.1 of tbc duml cuv.r or diu...ambly of the intlrrru .tnr. Ths 250-volt 
posltivc pl.tc supply. 25-vu11 nlrp.tivs bian .upply, 13.Cvolt input. and 2 7 -volt lnput also are 
conn.ct.d to thir socksr for we with axtarn. teat cquipm.nt if raquirad. 

Ths primary lnput power to the intcrroprtor 1s controlled by . relay in the rear of the 
nhoctia-t ..urrmbly .I, th.1 ths 13.5- 07 Zl-volt aircraft supply Is wlrcd directly *, the 
interrogator mounting nod the OFF-ON .witch which control. thin relay can be mounted at .r,y 
convsnisnt position in the aircraft wlthout regard to length of lcndo. No m-in pawmr-mourcs funs 
or clrcult brcllrcr ia included In the intarro~.tor. rend provialon for thin protection must be made 
nxtsrnslly by ths Inatallor. 

TESTS 

A number of t..ta WHC~U prrformrd on thr tit.. includinp bench trst.. climrts-chamber 
tent.. and flight tnstn. Th. bunch and climate-chamber tsata were confined csbantially to those 
nccsn..ry to lruurs compliance with the mpcciflcotlon. In the flight teat”, cmphrui. w.s p1.c.d 
on suitability of the squipmunl da.im for application and on related factors such n. raliabillty, 
ea. of opsr.tlon by thr pilot, and over-.,I perform.nc.. 

In ordsr to dstsrmins complirncc with the environment.1 and psrformanco provisions of 
Spsdficatlon TD-125, tsntn xvm=e run ..t the contrnctor’s plant with partlcipatlon of representi- 
tiv.u from TDC. A number of thcmc tent. .rc deucribcd in thir arctlon. 

The tranamittsr-powar output VJ.B found to vbry with thn chrrrnsl or fmquency of operation, 
.t norm.1 primary power voltagea. from a low of about 620 watts ne.r the center of the band to 
765 watts at ens end of the band. The trbnnmittsr output alno vnrisd with ths primrry power OT 
b.tt.ry voll.~.. on Y chmmel near the center of tb. band. from about 540 to 620 watts for m 
battery-voltage changs from 25.6 b 28.4 ~011.. The drlr on thin tout .T. ahown in Fig. 7. A 
chsck of ths trusmitt.r-powrr outpul from 0’ C. Lo +60’ C. unbicnt tcmpsr.turca, and Input 
voltngs 01 20.65 volta for a period of one hour, indicnted no dstsrioratlon of transmitter psr- 
form.ncc. Thiu tr.t. althouyh ln CXCC.~ of the l psdflcation rcqtirsmsnts, wan made to rsvsal 



Fig. 7 Trnnmmltisr4utp1lt Vurivtion wilh Channel nnd Bsttary Voltaym 

marginal components, if uny. which might be ioducmd to fall by high-voltnRs and hiyh- 
tsmpsraturm operation. 

The rccsivsr ssnsit,ivity of the Model DIG intsrro~vlor WYP tested for both “lock-on” nod 
trach. ?ho rmcsivar lock-on msnsitlvity ln smch SPPC w&a the minimum q iwrul q trcngth required 
to vctuntv the acarch-rmck rslmy. Thm track acnaltivit,y WLB the viynal vtrcngth rsquirsd lo 
maintsln ths unit in truck condiflon after locking on. Tht trnck sensitivity w-u found to bo 
con~I~tcntly 3 db higher than thr luck-on mcnaitlvlty in nII Lsatu. Thla difference in luck-on 
and trmck sswitiulty iu n condition common to all DME intarrogmtorn. It ia attributed to ths 
fnct’thnt B larger signml is rm@rud to nctunts thn search-track tmnmlsr ralmy or circuit, ms 
tho tracking yntc~ poaa the reply mt rslrtivmly high speed, then is rmqtirud to opsrmts thsm when 
cEuuotlally at rest, mn during viynal trucking. Thim condilion La avldancnd in uctu&l {light opsr- 
ation by Lhe nbility oi the Intsrrogalor lo track a aig~nl when outbound from m ground utntion to 
ncvcral miles rertmr dlutance thbn It ia able to lurk on to the mmroa ground station whnn inbound 
and nrarchiny B or B reply. In tho rccrivcr-ncnsltivity dmta prcucntbd In F’1g. 8, only the mini- 
mum lock-on signal 1~ rucordrd. and in every C=YC the track asnnitivity CYT~ bc assumsd to br 
3 db graatsr. 

The receiver ssnnitivily WLL~ found to vwry Y~~OYY the bond, with the hiyhur msnsitivity 
vmlusm ML nm~r mldband mnd thm lowar vnlueo near the sdyci of tho band. A rslatlvuly modsrmta 
change of receiver nsnvilivity w&s noted with change In primary hattmry voltage, and m 
negli~iblc then e UIM notsd with voriotlonn of ambisnt tcmparaturs from 0’ C. to t60” C. 

The rucc k ver bandwidth WYY found to be 1.2 Mr ut b db down mnd h.9 Mc nt 30 db down. 
This mamsursmsnt WPI modc,with ths intmrroyator Ln actual opurntlon. uaLng m nimulvtcd reply 
viyanl ot the antannm cormactor of the intarrogbtor. Thla rccsivsr paauband, although not 
rsJsctinl( rdjucant chanosl signals by rccsivrr aclsctlvity rlono, met thu rsquirsrr~rnls of 
Sprrification TD-125, and it ia untircly sstinfactory in prnctics wit,h thho 100-channel pniriny 
plsn mhown in Tvblc I. Thin kbls uhowa that ndditioml protwtlon 1s sffordad by IL change of 
nmvernl chonncla in intsrro&Ion frcquancy mnd by P chnnac of ssvsrrrl modes to the .dj=c=nt 
rcccivcr chmvsl in all cnm~s, Under thin condition of receiver bandwidth, the rsc=ivcr and 
rmnp udl ase rsqulrad to opmratr under mow =trinRsnt “fruit” (nonnynchronous reply si~ulo) 
due to reception of improperly spmcsd mnd random signals from ground stationa on the odJaccnt 
reply fruquuncisa, if rolativaly clo~v to and within line-of-ai ht of tho vircrait position. Thu 
mont srmctiny rcquiramanta of pnrfnrmoncc of tho rungs T unit Y ucarch and tracking drcults 
would bc itnpousd If the two adlacant reply chunncJm were occupied hy yromd ntstions within 
runaw nnd if both of thsao Rround atntlonr were in IVY- hy Y maximum numbsr of nircroft; thlrt 
is, 50 intsrroyator-cquippsd aircraft per ground station. For this rcaaon, ths fruit truta 
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FLU. 8 Recmivrr-Smmitivit Vrrrintiun with Ch~nn.1 .nd Battery Voltage 

dsncribad later were aomswhat mars .eve~e th.n would bs rsquirod of int.rrogrtor. with 
n.rrow b.ndwidth ruceivcrm. 

A test was made of the sp.dng of the Interrogation pulnsa rsdirtsd by th. tran.mittsr. 
Thi. t.ut in.ur.d th.L Ihe cncodc-spaclnp parameter of the mode in use w&m wl+Mn the limits of 
acceptance by the ground n.trtion 1and.r rll condition.. Tha ma..uram.ntn of thiu .p.cinp 
showed P maximum deviation of about 0.3 mlcroaecond under all conditionm of snvlronmsnt 
whsn chscksd on .n irrtmrroprtor which h.d ba.n .djuut.d ncrm.lly by teat p.r~onnel under 
production-test condltlons In u.e by the contmctor. The only app?scinbls vrri.tlon ob.srvsd 
WPP tmdmr .mhi.nl-t.mp.ralurc v.ri.lion. from 0. C, to t60’ C. when a chnnpc of -0.1 to 
to.3 microsecond W.B not-d in the Mods J ap.cinu (71 micro.scond.). with ths mr.n apvcinp 
m...ursd .t . room tsmpmraturr of 27’ C. This v.ri.tion of ~pncinp wk. the greateat 
recorded. bec.u.e the temperature afCact of the magnatoatrlctivs delay line ia grsbtsnt with 
long dslsyn snd 1. ths l.rg.st factor in th. vrrrirtion of .p.cinm in tho interrogator. It ia 
believed that with reasonable cmre In Initial adjustment, the tmnnmltisr-pulns spbcing c.n bs 
m.inGinsd wsll within th. +I-microP.cond tolcrnncu of the ground atotlon under all condltiolu 
for the greater portion of th. Hfn of the intsrrogrtor, with litils or no .djuobn.nl. 

The operotlon of the decoder wns checked to determine that It accepted the sxpnctsd 
d.viation from thn numinnl volur trnnamittrd by the ground atntion without deterioration of 
performance. A further check w.. made to dotsrminm the dour.. of rrj.ction of rccciv.d pul.c 
prira of .dj.csnt uprcinpa (thv nrxt IEY~PI- nnd nexl grcntpr apacIng). The result. of these 
tests .re plotted in Fig. 9. Th. mrximum rsjection pJo4A.d i. 50 db .bovc normal tr~cldng 
lsv.J, th. vrlur apeciflcd In Spsdflcatlon TD-125. At tbs tlma of the ts.t. It WIIB ob.srvsd thrt 
in every c.~e . further sxceruion of 0.5 to 1 microuccond from the mean vnluc g.ve “infinIte” 
rcjaction, or .t lr..t greater than the signal avallabls for taat purposes. 

A further ts.t of th. d.cod.r lolnrmc. w&a mod. at Lrmpcr~tures from 0’ C. to +60’ C. 
A lot.1 chmnpr of 0.3 mlcrosscond W.B recorded bt ths Mods A or 77-micromscond n pacing in 
both upper .nd lower limit. of thr ~ccrptvncr brnda at mlnlmum detectable level and 50 db 
nhovr. A corrcapondlngly smbllsr change xv.. noted .t .hortsr n p.cinpa. Thi. ch.npc WP. 
stiributsd to the .bift of nominal dc1.y in the delay line with temperature rnthsr than to .ny 
chonga In decoder action. 

Thn accurrcy of distance indic.tion of the Modal DIG Lntsrrogbtor w.. found to srcssd 
by a wide margin the amended spsciflcstion rsqulrsmsnt. of r0.5 ut.tut. milr or 2.5 per cmt. 
whlchavsr Is grsstsr. Error CUTY.P bk.n from then. dnta PI-C .hown In Fig. JO. The m.Amum 
error rocordsd in thin Icnt did not exceed 0.1 atatwts mile or 0.5 psr c.nt on the 20-milr os.1.. 
rend 1 .Intute mile or 0.5 per csnt on ths 200-mils uc.1.. rrt Y room tcmpcroturc of 21’ C. 
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A shift of divCnncc Inticatlon of 0.3 mile on tbo short rings and 1 roil= on the lonp rnngc W~n 
obsbrvad when the nmbimnt tumpcroturc choapcd from 0. C. to t60’ C. Tbim chrngs WLB 
~pproximd~ly thr P-Y when the tcrnpsraturs ~1s reduced from t27’ C. to 0’ C. aa whs,, the 
ambient tsmpsrlturm WY” changed from t27’ C. to +60’ C. With carafe1 orig,“~l adJuuntmrnt, 
therefore, the error introducsd by tsmparrturs ch.r,ps could bc held to about one-half tbs ,b,ft 
rQcordad. The error in divtnncc indication with e *5-per cant change of primary bbttmry 
vo1layr WLLP nrylipiblc. 

The Modml DIC interrogator wan placed In bn altitude .&-b-r nnd +.hs pressure wan 
reduced to check its operation rt hiph ultltndcm. The tronamittar-output pulmsm werm monitored 
contlnuoualy; and the sasrch, lock-on, trrck, nnd memory functiona of the intarrogstor wmre 
tcmted pcrlodlcally durinn grads.1 pmmmurc rnductlon to P l imulntsd blntudm of 30.000 fet. 
All functiona of tha inttrrogator remained normrl up to 30.000 fcmt. whco the trmsmltter output 
bccnmc inttrmdttsnt, indicltinp nrclng in the transmitter or other hiyh-voltage circuits. The 
pressure in ths chamber urn, lowered to b uimulntmd 28,500 feet but the nrcing continued, md 
the interrogator WEB .hut off tc prcvrnt damage tc ths trsnsmittor. Upon reaching room 
prsnsurs, the intirrogator W’LB rsmovmd from tha chamber and snminad. Nu indicntlon of 
domayt or cvldsncs of thm arc-cwnr point could be found. Th. interrogator then warn plrcsd in 
opsrmtion, and all functions of the Intsnogator were chmcked and found to bu normal. 

A number of tsata we=” psrformod to determine the trsffic-hmdlln8 capnclty of V,s unit. 
Thcac teat. were necs,.*ry bccaume an Lntarrogstor, when optratlnp on b ground mtrtion which 
in bsin# intmrrogatcd by fi number of other rircrnft interrogators, muat br able tc mart or 
rccogniaa the replie. to it0 own intarrogbtlona. In addition to rcpllc. to other blrcr.ft. il ‘P 
possibls th=t.othcr ground ststion~ uuing the PP~C reply frequency mry bm within rongc of the 
aircraft. Any othmr trannpondara on the smms frcqu.ncy. of ccurne, will be uming another mods 
and rmcmiviny frequency, Thcms unwwiwd and ctiransoun replisa ~x-11 uruynchronlcad and nre 
known am fruit. In the came of rsplism to other rircrrrft from the swne ground l tntion. tbc fruit 
miynalo conalmt of pair, of properly npaccd pulaas. In ths CUCL of other ground station. on lbr 
aams frequency, thm fruit signnlm fire improperly upnccd. On b statisticrrl banim, however, 
properly aprcad pairs may b= formud from Improperly splc.d paira when individurl pulmcu of 
different pbirv bmnr the proper tlms rolvtion lo wtich other to form ths aasipud l psclng. This 
procsan ia known em “bunching.” 

Bacausa the wvsrape rate per ascend of interrogation for all intsrrogatoro 1s amsumsd 
tu br 30. and the msximum number of lntarrogstin~ rircrrft per transponder Ln 50, the 
properly spaced pulacn uasd ln the maximum fruit teat, were nt the r=t uf 1500 pairs psr 
mmrond. Bccaums the bnndwidlh mcamuramsnrs of th4 rmcaivrr lndlcatad th.r wdjrcmnt channel 
reception WL~ poa.ibla and thnt thin would allow additional fruit to enter the rsceivor. the 
maximum number of improperly spaced pmirn WYY 6000 per second. Th. normal fruit level 
W-B one-half of theesa vnlusm. UT 150 properly spaced prire p=r uacond and 3000 improperly 
mpnccd pairs. In each CP~C the spacing of tha improperly spaced prrira ww adjusted to thn 
adjacent mod. spacing; that I#, 1 microm.condm mow or less thin proper sprrclnfl. In nll SPUCS 
thm fruit q lgnals were .djuuted to be nt least 50 db nbavr the norm=1 rrply-oignal level, with 
normal rcpllsa hsld to minimum dstsctvhla ~IRTLY~ level. The teBtti wcrc accomplishsd by 
slmu1tan.v~~ innartlon of properly and Improperly spaced fruit q ignala into ths rscriucr-antsnns 
cormcctlon, in addition to the normnl mynchroniamd reply algnnl for th. channel In q~s. 

Tho pulur-repetition frquancy (prl) or IntarroRrtion rots wns reduced from the normal 
rate of 25 to 20 per arcond for thsns textm lo vimulatc the worrt pomaibie c&.e of intsrrogatit- 
prf .d,untmcnt. A lwr~a number of rsbdirrnn warn taken under both marlmum and normbl fruit 
condltiona to eliminate the postiibilily uf momentary e~ronmou~ rtadlnns due b thm random 
rurlurc 01 ths unsynchronized siflnala. Each rcndlng consisted of 1 cornplsts ssrrch, luck-on. 
memory, nnd acarch rs-initiotibn cycle so thbt 111 oparotlonbl function0 of thr IntsrroHrtor WIT= 
‘chmckrd. At each rsrdiny. the lock-on p.riod warn allowed to bm of nufficisnt lsn@h La PUSUI~ 
that the memory capacitor WY* completely chrgsd. a~ that the madmum mrmory period to ha 
encountered in acturl interrogator UB~ WY~ y=nsratad. 

~ors thv 30 readinK. wmrc tnkcn under norm.1 fnllt conditiona. and 40 wvers taken undrrr 
mmximm fruit conditiona. No change In intsrrugntor-psrformmc. ch.ractsrlsticm WL~ 
dctectabls under normal fruit conditiona, Asply lock-on and track ssnmitivity. memory time. 
search time. and disbnco vccuracy we~m rscordrd. The narn~ usts. when rep4at.d under 
msxlmum fruit conditions, rurultcd Ln a 4-db dscrmamr in lock-on msnaitivlty and bn bver~gm 
lncrcnac in memory time of about 2 mscondm. On one occrmlon, the memory time wna lncrssssd 
to 63 vlrcundu. This condition wns not rsportmd in 21 q ubnsqasnt ra*dinga. howsvsr, mnd it W(LS 
not consldsrsd lo bc a malfunction yrcat enough to di.=blr +ha intarro&or under heavy traffic 
conditionm. 
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At tbo conclusion of the fruit tsnta, Y more accursto method of determining pular rare 
wbm mmploytd to check the fruit-yunrrotlng squipmant. It whm found that Ihc rnnximum fruit 
rates actually uasd wcrc 6200 lmprop~rly upoccd palm par uccond and 1540 properly spnced 
p&n pmr a.cond. The normrl fruit rotas ussd YI~TII found to be corrvvpondingly hiAh. 

Flight Tcatm. 
A numbsr of installatlona of Mvdrl DIC Lntarrogbtorn were mads in rircraft to evwl-tm 

ths dnvign nnd parformmncr of the cquipmant in actual um. Thrsr of thcma lnatnllmlionn will 
bc daocribsd. 

A tsmporory Lnstbllmtion WUY made in a Globt Swift alrcrrrft. Thu main unit of thm 
interrogator wan inulnllod Ln the hr~gmgm comportment. A urn&l1 control bux worn conmtructmd 
to hourn the channel sslsctor. muln power-control mwltch, mnd idnntity-indicator naon lump. 
A “mall pushbutton uwltch WP.~ mddsd to ~llaw rapid rspcatcd scnrch whsn rttampttng to lock on 
to b ground vlntlon at lssn than 100 mllca dlstancrr wlthout requiring Y asarch of the distances 
from 100 to 200 milsn. After noma sxpsrisncc witl, thin InmLullntlon, this control wan not lu=d 
In later instnllationu. Ths control box wan mountnd on n oheli ahovn the baggmgn comportment 
and within reach of thr pilot. 

Thm dialancc Indlcstor WYY mounted on L hrackcr. below the ccntcr of the instrmsnt pmnsl. 
Thin Inntollatlon Is shown Ln Fig. 11. A fuvr holder for tha: rvtcrnol main func, mow&d on L 
brockst bnlow the lowar right-hmd corner of tho inu trumcnt panal, ia ahown in Fig. 11 olmo. 

All, intwrcomcctina cnblsa were fmbriculcd and bench t~ulcd with tho inlcrrogntor bsforr 
inatallntion no that Lhu lnntsll=tlon WYP a ~Implo mm. vrid no difficulty WRS sxpsrimncrd in 
wiring. Aiu oxlatinn ens-quartar-~avslsngth club ontonnn which originally WLLY dosigned fur 
uac with t.hs Mod.1 DIA intsrro&or WBY usad In thcvr tcata. Bscruuc the Modal DIG intcrro- 
ptor WPP designed for UPC with ssparato trnnamlttin~ and rccclvlng *ntonma. the two rntcmo 
connectors on the moln I,itsrro&or unit wcrc cnnrwrtcd to&hsr und to the nntnnm by mebnm 
of two churl lcngtha of RG-58/U coaxial cnbln with UC-88/U (Type BNC) fittinya on both mdm 
snd n UG-274/U (Type BNC) too adapter fitting. No dilflculty warn mxperiencod with this 
ant,nnnrr nrrnngsmsnt. and parforrnancs WLY autialnctory during all of the iauto. 

Fig. 11 Dirtnnca lndicmtur Inutnlled in Glubc Swift Aircroft 
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The electrical ,ystsm in the Globs Swift nlrcraft utlliaea LL IL-volt bsttcrymd L 
1.5~amparm generator. Yomc difficulty was unticipatdd with operation of the Model DIG 
Inlarrogator bccnuaa the total currmnt drain of the unit in m.pproxLmatsly 13 ampcrc. when 
in operution. The anticipatsd difficulty did not arlsc, howrvsr, hscaunc CL== wuns sxcr.+ad in 
ths operation of th= wit: and, except for mhort periods, the LntrrroRrtor WED oprra*ld alone, 
with all other electronic .quipmsnt In tbc nircraft turnrd off. 

The Mod.1 DIC interrogator WY. opsratad in thin inatallntlon for vpproximrtmly 100 hourn 
of flight time. During thla tlmc, obaarvatioru were madt on the psrformanc. of the unit n. to 
distance accurrcy, mmxlmum rmnpma at various dtitdsr and on diff.rmnt ground n tationn, nnd 
the p.n.r.1 raliabllity nnd uwbility of the cqui,,msnt. Thu drla recorded in the diatanca- 
.ccuracy tento .rm included, slang with othsr flight-tat dbtn, later in tbi. report. 

Early in the tamto with thw Uloba Swifl uirplanc, it WI# conmidersd dsslrahla to accamplimh 
modificationa to ths unit, if posslblr, to extend the low #upply-voltiga limits for satimfuctury 
operation. It WEB found thlt whrrr wing the 13.5~volt connsctionm to ths unit, th. low-voltbgs 
op.ration of the anit conld bo Lm 

f 
roved by nhortlng the 0.35-ohm filament-droppin reaiator 

and by a=l.ction of the Type 569 gna-modulator tubes. Thessc chongon allowed the unit to 
op.rsts satinfnctorily with L w,,ply valtng= IY low &n 11.5 voltu rnthsr thnn with the prsviouu 
low limit of 12.75 volta. 

M.ldmum outbolmd and inbound diatmce range. were recorded on 13 ground ntntionm. 
Thm rswulta of these rcadinpm LT. tabulated in Fig. 12. In plotling t.hgss dstm. M coruidorrtion 
~a. givrn b tbs ground station and to the direction from the ground atnllon. Expsrlcncc ba, 
ahown that thcaa factors, LI w=ll IB propagation conditions cxivtiny at ths time, lnflurnco these 
readinga to *II spprsciabla dsgrts. The data nrc prcoonted a~ raproauntntivm of the maxlmum 
rmgsm to be cxprctod from the interrogator under actual oprrlrting conditlonu. 

During thiu nsrisn of fllghta, ,svsral failurca of componant parto occurred in the 
squipmsnt. Thcwo l 4 discussed later. Dss to the weight of ths indicating inalrummnt. 1.8 
pound.. .nd to the arm with rapsct to itm attachmrnt point (see Ftg. 11). some vlbratlon oi ths 
in,trumant occurred during flight. Thin iu believed to have placsd sxcssnlvaly PUYO~. shock 
load, on the Lmtrumont movmmmnt. Two Indicrtoru which Mlcd during the tests were return-d 
to the factory for repair or adjluhsnt. It might bc n ignificnnt that after cxnmlnotion of theme 
and othrr indicrtorn which failed. tha mmuiactur.r ldvissd thbt change hrvs been made In 
the dsalgn nnd umti*mbly tschniquam which improve reaimtmnce to shock and vibration. In thin 
rmpsct. apprsciabla fnUur.s hws not bean cxpeisnced with Indicatora r=csivsd later from 
the aama q ourc.. 
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A dual inntallatlo” of Model DIG intrrroR.tora w.. m.ds in. Douglas DC-3 ~ircr.ft, 
N-183. The rnoln inLrrroR.tor unlta were lnstollcd in Ihs I-U.= of .” rxpsrlmsntal equipment 
rack which extend. well into thu cnbi” of ths airplane. The main Interrogator loc.tio” rnquirsd 
about 42 foot of cable to the control box cn”t.i”i”g the channel selector and power “witch. A,, 
control wire. in thin c.blo were No. 20 AWG wire; rind, .lthouRh cn”tr.ry to recommended pro- 
ccdurm, they psrmtttcd sntlrcly ~~ti.f.rtory opnrstio”. The antenna. upcd with both i”(rrro- 
gator. in thin inn~llation were one-quartur-wavrlrnyth hro.dh.“dsd mingle .“tsn”n. dsmlgnsd 
for u.. with Mods1 DIB Interrogolur.. Cunn~ctiona to the tr.“.mittlnfl- and receiving-antcnn. 
connectorE wcrc muds with nhort rsndorn lengtha of RG-58/U conx1.l cable, with Y +a. .d.pt.r 
fitting to. slngls RG-8/U tranamiuaio” lint .hout 18 feet 10”s. The RG-B/U cnblc wns used 
for the l&foot lrqth in this inutallatio” tp raducc attenuntion and to improvn pmrformmcs. 
Both indlcatorm of the d-1 In~t.llutio” were mounted on ths slrcrmft Inatrumsnt panel. They 
HIC’TL’ used on all flights nftsr the tquipmcnt WIL. p1.c.d in opcrrrtion. The intsrrogstor 
connections wcru orrnngsd for ths 27-volt supply in this nirplana. 

Data wore recorded on the porfnrm.“cs of this equipment, mud many obasrvatlo”a were 
made by pilot= for approximately 2$2 hour@ of flight tim.. Mvximurrl r.ngs psrform.ncs WVbB 
similar to t4at 01 the Globs Swift lnstnllntlo” except t!ast at nltitudcm of 5000 feet and above. 
longc~l rungs. were mbout 5 per cent leaa than those obaurvad in Ihc Glob. Swift uirplms. 
Distance-nccurocy data wvr. record-d on thm.4 Intsrrogmtnrm on b “umber of tsmt flights, and 
then? dotn .r. inc,ud.d lstsr. M.ximum lock-on rangsa of 116 atatutc milca and outbound 
tracking to 182 atatutc miles hrvc brcn oblrlnrd with lhis in.t.ll.tio” .t .n altitude of 10,800 
fact otmvc sea lw.1. The . . obosrv.tlo”a were made Jut south of Loui.vIllc, Kentucky, opcr- 
nti”R on the VOK-DME ground facility at Cro..yillc. Trnnc..cr, which iu locrhd on P 
rrlountnhtop with P” oluvrtlon of 3048 fact above mem level. During the flight Hrnc on tbl~p 
inmtallatto”, snore tho” 60 ground uintions war. intsrrogatmd i” th. midwsstsm .“d srmtsm 
part0 af lh. Unit-d Strta.. At no time wm. failure to lock on or track due to frcqusncy drilt 
or “miwnadlnp” (incorrect cods or decode spacinga). 

During the flight tsatm of thl. Inatullation. a.v.r.1 .qtipm.nt fnllurc. occurred. Thsas 
will bc divruaucd l-t.7 in thi. report. 0”s fallurs of a” indicator movement was nrpsrisncsd: 
This w.. .ttrihutsd to m defect I” mmnulacturc, bucauac thla .Lrcr&ft w-a cqtipped with P ahock- 
mounted instrumcnl panel on which thn indic.torn w.rc mounted. This indicntor w.. rsturnsd to 
lhn vpplisr for rspslr, and his invcmtigation confirrncd the amaumptlo” of & manufacturln~ 
dclcct. 

A sinuls installntlon of . Model DIG interrogator wnm mmds in another Douglas DC-3 
aircraft. N-182. In this irutullalion. the intorrowutor unit w.. i”.Lulled in ths rc&.r cqulpmcnt 
r.ck in the nircrsft, and the indicator and control box were inatmllsd o” a pmnsl in the cubi” for 
U~C by it fliphi-trut mpinacr. Thiv i”ut.llatio”. vlthuuph rrquiring rul.tivaly uhort control land. 
of team than 4 Icat, rcqtircd 38 ltat of coblc to the antcrrna lo&Ion on the aircrmft. The .ntsnnsa 
urns? were the Type DIG/3 transmitting antenna mnd ‘Type DIG/4 rscsivi”.g anten”. furninhsd 
with th. int.rroR.tvr. The.” wern in.trl1.d on th. bslly of tbc airplnnc rw.r the trailing edgo 
of the wing. Th. ontenno cablcu ,,.ed Ln th,. invtnllation v,.,r‘u R&38/U coaxl.1 c.bls. 

About 80 hourn of flipht time were rscurdsd on this irrPtrU.tio”. The diatancc Indication 
mnd control of this interrogator were not avaIlable to the pilot or copilot of th. nixraft, nnd 
they wcrc u0.d nnly when .pncific.lly u.mful or of intmrcat lu thr fliyht cnglncer. The general 
pcrformoncn of the squipmnnt w.. below thrt sxpsriancsd with other inotnllrrtlonu bscauas the 
msxFmum dintanccm of opcrotion did not cxcccd 110 mIls# at altitudes of 10,000 fsst rbovs thn 
.t.tio”. Mrrimum di.t.“css of opsrstion nt lower altitude. did not m4.m Co be uUccted a. 
severely, bscauaa asvera ground atatlona within 100 milam of Indimnapolis wunrs tracked out lo 
mere than 40 mile. at 1000 fsst .ltituds above ths station. The 1ow.r lcvcl of dlstanca cover- 
age of fhla in.tallotlon warn attributed to compuativcly large attenuation in ths two 38-foot 
ls”&h. of th. mm.11 RG-58/U .“tsn”n cnbles. Uving the c.bls mnnnfacturer’m published data 
on .ttanu.tio” of thi. crbl., the .tta”utio” du. to ckbl. loma WP. estimated to bs 7 or 8 db xt 
tha frsqunncios in use. ‘This amount of mttsnuation w.n sffoctivm O” both +.hm lntarro atlon 
(trarumittin~) and reply (reccivlng) potha. It WE,. somewhat nurprl~in~ th.t ths p.r B orm.“~* 
obtained wrnm not dsgrndsd to. grm.tsr sxts”t by ths comp.r.tiv.ly l.rgs cable loss involved. 

A fourth lnatsllotlon of LL Modal DIG lntsrrogator wa. mrrds in . Rsachcrrft Bononu 
olrplnnc, Mod.1 A-35. Th. m.i” unil of +.hc i”turrog.Lor WP. In.tnlled Ln th. b.gR.pe comp.rt- 
ment of ths mirplnns. The shoclunount WE. bolted to the plywood floor uf the boggage Cornpart- 
ma”t,with mhact-.luminuur atiffcncrs under tha mounting fast. Ths .“t.n”.. uvcd in tbiu 
instrllrtlo” were the rsgulmr antsnnms dsaignsd for ue with the Mod.1 DIG intarrogator, 
Typa. DIG/3 and DIG/4. Thay o w I-. installed on thr bnlly of tha aircraft olmomt directly hsnsmth 
the interrogator inat&latlo”. Thlm locotio” oi the antennaa allowed very mhnrt lcnpthu of 
K&58/U cnhls to be used for both the rscsivinn .nd trunamlttiny onlcnna cablsn. Tho nntm~lnm 
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cables in thiu imt*llotion were ISPP than 13 Lnchss In length. The spacing between the two 
antsnnms was 17 inches, snd they WYTC’ In m line psrpnndiculvr to the longitndinvl rxlu of the 
*irp1ana. 

Dum tc lack of inntrummnt-pant1 space, the ctirrnnml-aclcctor control. indicator, main 
power switch, and mxtrrnul main fuss werm mounted on nn auxiliary pu~cl inatnllsd below the 
1ow.r lrft-hand corns= of the instrument pan.1. The control and indicator wlrcm were No. 20 
AWG wire. Thay wara cabled nnd roulcd aft behind ths upholutcrcd trim on the I.ft uidc 01 the 
cabin lo the main intsrroprtor unit in the bnggaRs compartment. 

The intsrrog=tor used In thsva t.ata WLLS connected tntarnully ior 13.9-volt r,p+ratlon ~a 
ths rircrvft employs b 12-volt clcctrical syntwn. The m~ln power lsbd to Ihc interrogator ‘9~” 
connected to ths sl=ctrlcnl aystsm bsnsath the Lnmtrumsnt pans, in the oirplans. It WIY routed 
in ths mam* rn~nnar RB the control nnd indicator cnhlru to the interrogator in thu TCYI. after 
pamming through the main power iuaa of the DME on the auxiliary panel. Thin lead wan No. 10 
AWG wire dsslgwd to ml&niss voltnno drop. 

Thm inntallatlon in the Bonw~aa airplane wu flight tested for approximntoly 119 hour,, 
and It proved to br wry l atisfactory from the atundpolnt of mrximum distnncs rmnp. Thlr 
WL~ ~tlributed to the ahor cpbla lengths uamd in tho antanns connsclionm and the rslativaly 
advsntrRsouu rntcnna locrrtion on the nirplano. When in lcvcl flight with landing gear rotrsctsd, 
thr DME antennaa on Lhc belly of thim rirplanc are located vsry near the lowest point on the 
belly, with P clear, unobatructcd radtation pith in all dlrsctlonm. M.dmum distances up to 188 
l tatuta miles werm obtained with thim interrogator innthllrtion, with numerous obn.rvutlons of 
more thin 150 statute mtlsu. Thu muxlmum of 188 milco was rscordnd on lhc Crosavills, 
T.nnca~sa, ground utalion (Channel 113.4) when flylng at 13,000 feet msl about 20 milco from 
Owsnaboro. Kentucky. At this point the Interrogator unlocked, and It frilad to lock on at R 
greater diutmct. On thiw PP~C night the intarrogvtor locked on solidly to the Croasvills uig- 
nd at 162 atntuts milra inbound, bt 9900 fact msl nsnr Hartford. Kentucky. Lock-on distances 
of 154 .tbtuta mllcn were obuinmd when inbound or tangcntlal to the station at 12,800 feet mm1 
on the Naahvlllo, Tmmcaaas, ground atntion (Chmnnsl 114.1) md 151 ntatuts milsv at 14,400 
fsst m.J on the Indinnapolin. Indlnnn, ground .tatlon (Channel 116.3). 

All flight tirnc Ln the Bsochrrlft Bonanza alrcrrft WIT accumulated with the awns 
intmrrogrtor, and only on= fnllurs urn0 sncoantcrcd. A failure of the IS-second, thmrm.1. tlms- 
dslby rslry unit In the pow.= supply nscsvvitvtud removal of th. interrogator. Thin frilnrc 
occurred at 83 houra. While in the laboratory for the rclvy rsplacsmant. chccka were mbds 
on th. interrogator, and the rccclvsr nsnuitivity WP~ found to hrvu dctcrioratsd to ~pproxi- 
matsly 7S dbm from the ssnaitivity of 18 to I30 dbm rt original Instsllatiun. Rcplacsmsnt of Y 
Typs 6136 tube In the int.rmtdlata-frsqusncy ulrip 01 the rscsivar rratorsd the oriRina1 aenaL- 
tlvlty. The transmitter-power output alao WP~ found to be down to about on=-half of.ita originnl 
value of 700 to BOO watts. Rmplaccmcnt of ths two Type 5696 gun-tilbe modulators incmru.d 
the out+ La its orl@nrl lrvcl. 

In cro..-country fliuhta, thla In#tallation of thr Modal Dlt lntnrrqutor warn flown In 
opsrrtion with most of tht operating DME yround stations mant of the Missimaippi Rlvcr. and 
satisfactory lint-of-slRht op.r.tion W&I sscurnd on ull stntlons. No fallurea to lock on or in 
indlcatc distmnc. dua to lntsrroprtor-=hnnnalIng parwnctcrs occnrrmd. 

A qurantity of bctl~1 In-flight diets nr. rccaracy obsorvltionb were made with rU four of - 
tht Model DIC intrrrogator inntrllutlons. These dltl, although prob&ly not LL~ prscism aa l=b- 
vbtory mea.ursmnnta. merve fim b double check on lo-borrtory-cnllbratton mmthoda nod ravsbl 
prbss errors or lug in tracking rction not rssdily rppucnt with L r-ply olgnal of constant or 
static d.lry (dlntancs) IU lucd in ground-callbrotlon method.. The lower ordnr of prsclsion of 
flight-accuracy checka la duo primrrily to pilot errorn of up to one-fourth mllc in astlmwting 
the sxnct pnmition over n ground chackpolnt, nvnn rt medium altitudun of aavsral t.houurnd feet, 
Lnd to the lssn frvor&bla snvlmnm.nt uldatlng for crraful obasrvation of lhc indicator, ““pa- 
cl&y in the presence of apprsdabls turbulcncc. The rseultu of theas chsckn mhow PII avsra~o 
error of 0.656 m‘la lor 1El ground checkpoints. Thin nvsrngs wn. Lrkcn wl+.hout rsgr.rd to ncg- 
stivm or poa1nvs ~rl-“rP. Considsrinp thr direction of the .rror which would tend to cancel 
pilot error. in rcodlnav, thr vvcrags error SLY -0.254 ml10 for the noms rsbdinpa. Thcac 
obu.rvntions we=- lhc result of th. comblnsd.rscord~d rcndings of at l..at 0 parsons, taken ut 
altltildmu of from 1000 lo 8000 feet bhovr ground and u=inR I lotll of 9 DME iround facilities. 
Thr m&mum srror‘ln mllsn IVIC~ -2.5 statute milea at P dlatancs of 12.5 miles from thr 
ground station rt approxim~trly 4900 feet sbov= lhc ground. 0 n ncvcral occnsions. cr=or, of 
up to 0.4 mile we*e r-corded directly over a ground station after corrsction for altitude. I,, 
the raadlnga un.d Ln these nv=r=gc.. the lar~sr =rror~ all were rncordrd on the 200-mila 
mcrlm, md nearly mll WE~C confined to diutancsa below 100 miles. At the higher altltudss nscnn- 
aary to recur. long-rang- upcratlon, accurbt. dctcrmlnation of the time dirsct,ly over L ground 
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checkpoint becomsn incr~~min@~ dllflcnlt. AP n rcault, vnry frw flight obnsr~,,tio,u of 
accuracy we=‘4 rttmmptad at the lon~nr distancea. 

AM muntloncd in the nquipmcnt description. the Model DIC interrogator incorporated b 
provial~n lor rsductiun of tranamittsr-power output and rccclvsr ssnoitivity when #witching 
to the uhurt or 20-mile-dirtincm acalc. Thls intcrrogstor V,LP the first and only dtmign to 
make thio fsnturc available. Thr amount of rsduction in both cans. is adjuatrblc by mebnn 
of acrvlcs adjuntmsnta on the bench. The provision for reduction of th.uc chsrbctsrioticm of 
the intmrroyalor wan b rsmult 01 dlUlculty with lrarllsr lntorruyotors, and with the pr,,totTpc 
Madcl DIC. with multipoth s, 
gntion (~irborna trsnvmittiny ‘I 

nslv or “uchocs.” Thi. condition occurred on both th. Intsrro- 
and rsgly ( rirborna rocsiving) paths, md it wnn cbumrd by the 

orrlvsl of mt~nul~ from reflecting objects rslrtivoly near the ground antsnnl at cithsr ths 
IntarroyuLur or ground trannpondsr-rncrivrr input st Y time after rrrivnl of ths mipnnl by ths 
dlract path. Theuc raIlsctsd vignnla or echo-u followed ths direct-path riEm1 by m tims intcr- 
vu1 squul lo that rsquirrd to travel the ndditlanal length of the rsflsctcd path. Thamc rsilsctmd 
oigrmla on the Intnrruyatlon path, if of stiflcient strempth and at certain delaya. can cmuae atl 
erratic rnply from the ground station: and in YUY~I~ C~Y=S they will momcntsrlly block 011 
rspliua to an aircraft interrogation. Ccrtaln tschniquca have bssn developed nt TDC and by 
Hazeltins Elnctronic~ Corporation, the majo, ground-trsnuponder supplisr. which when uaad 
ningly or In combinrtion w/L11 sllmirwtm the aIlsct of mchoaa at th. pround station. A lurthmr 
improvement huu been mbds by ruductlon of thr tronsmittsr power of ths airborne intcrropator 
st ehort distances wharc c‘cho sign.& IIC moat likeI,- to occur and whore full power is not 
rcqulrsd for intmrrogatton. 

The ufIact of rsflmctcd sign& on the reply prth im that of “confusing” thm Itltarrog.br 
trocklng ,qbtsr. One or more trtranaoun reply olgnsln with the prop-r npaclng for drcodina 
sntsr LntU lhc tracking circuits clonsly followlnR ths direct nt~l. Under thmae condltlonn 
the diotancc indlcbtion ~111 fluctuut= erratically, and in vevere cnmem lt will unlock completely 
during ths time rcquirad for Lhc alrplwnn to trove1 ssvrrnl milsn. At abort rbnyma. IL reduction 
In intnrroyotor-rsc4iv.r mcnaltivity will improve or climinrrt~ thin condition by aldin in din- 
criminoting againat the unwnntsd reflected riHnola which IT* nlmost certain to hnvs Icma 
strength than thr slgnnla viu the dlrsct path. Under uome conditiona of aircraft nttltude, thm 
atranyth of tbs reflect-d algnals can exceed thmt of tbc dlrsct-path l iflsla;,but tbssaoccur- 
rcnces “70 =a=~, and the relaetiuuly abort timr In which uuch condition9 prsvnll canwas thorn to 
hlva no great signlficuncc. 

Expnrimncu ln flight uailng ths Modml DIC and othrr Intarrogatirm has ahown that sny 
noticcnble echo sff.ct on Intsrrogatir opsrntion ia conftnsd to n dlstnncm of a few milcn from 
the nGtion and that it varlcm with tha position of the ulrcraft, thu #its, ths mode l pacing of the 
channel ln use, and propagation conditions aximtinp at the time of obssrvation. It hnm been notad 
thnt mnltipvth cflacts 11-m prvaant more often during tcmpsrbtur. inversiona (for srsmplc. 
arly morning) and undsrnseth ulrotus cloud dmcks at low nltltuds, rlthough thsy *I-C not con- 
fined to thsuc inatancsn nor YIC they alwkya present on n given utatlon durinp these conditions 

Wlth full trmumlttsr-pownr output snd rrctivsr msnoitivity, the Modal DIC interro@or 
showed erratic dlatancs rmndinga up to 6 atatuta milsu, both inbound and outbound. when cronm- 
ing dirsctly over some ground smtiona at low sltitudca. Although this wu observed in P small 
number of cnmmm, it wrx~ conmid.rcd ai&ficnnt and WCY obmarvad on at least 3 q mparats ground 
facililicm. At lebvt anco at each of 3 dlffarant utationa, the intrrrogator unlocked md searched 
at dintnncmu of 2 to 4 .trtutr miles upon croaaing dirsclly over mnd ot 1000 to 3000 feet above 
the ground n tation. and it did not lock on rpvin until II similar distinct outbound was rsrchid. 
Thsnr inatancss occurred early in the flight-tsmtinp period] YY P result. in effort wan made to 
determine ths nnount of output and sensitivity reduction nccssabry ia climtnrt. the sffsctn of 
multipoth slgnrlm. By trlnl it WLO found thnt I reduction of tmnmmittnr-power output of the 
order of 10 db wnn axcsuuivc. Turnn rod ahadowinp of tbs direct-slpnal p*th by the rrirplans 
fuaclags or winga caused drop-out of the trrcking condition after expirntlon of memory. This 
occurred rt diatancss of 15 to 20 milsu from the atuilon. A .imLhr noticrnhla limlbtion of 
psrformnncc wns obmsrucd with L IO-db reduction of rscsivrr manmitivity. A reduction of 5 db 
in both tranmmittmr power bnd rvccivsr ssnoitlvlty wme found to sliminats multipath conditions. 
but further testa we=” conducted to d.turmins the minimum rmount of rsductlon nec.esory. 
The Ilnal sstiin~o nclactsd md in une durinp moat of the flights on rll airborne inmtillationb rt 
TDC included no rsdeation In trsnuniltcr power .nd approxim*tcly n S-db reduction in rccslvsr 
ssnsltlvity op the ZO-mils rmyu. The .elmclion of thss. nd,ustmw,t. warn govsmcd. in the CL** 
of th= tranamlttsr, by tbc lmprovsmvnt Ln multiplth reJection vffordsd in thr ground-.trUon 
racalvsr by who-supprsn,ion clrculta In x lnrpr number of hationn, md bscau.” the frequency 
of the occurrence of =cho lnterfsrencr haa bssn obocrvsd to b4 lcnn or, ths interrogation prth. 
In tha cm”* of lhr receiver, bt 1=amt a 5-db rrduction hu b.~n nscss,.ry to rsducs ,cho 
lntarfmrcnca to Is nsglipiblc lavsl. 
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The results of thcuc t..t. are dllficult to .nnesm owin,q to the large number of 
uncontrollnblc v.rirb1.r involved. and complete aolulion of thl. problem will rcquira . l.rgc 
unount of flight srptrlcncn or, such ground .tstion which exhibits n tendency to produce .choea. 
Early in tha tests. complctt fnllurs of di.tPncu indication occurrod in several inatancss; how- 
ever, lshr flight. uring . reduction of 5 db in rscciv.r ..nnitlvlty produced only srrntlc move- 
ments of th. distance pointer of +O.l ml10 lnur.m.“ts at not mar. thrn 4 mile. inbound to or 
outbound from tbc station. In one compurrtiv~ temt of thu Mod.1 DIC l”tcrroy.tnr simultnnwux- 
ly with two other intsrrogator model. in the same .lrcr.ft. the sflscl of r.flsctsd sign.1. W.B 
less on th, Mods1 DIG than on thr other inlcrrogrtors. Duriny this teat ths othur two i”tarro- 
artor. unlocked It 2 to 4 miles from the ut.tio” .t 1000 fsst altitude .“d rcm.insd inopcr.tivo 
until 3 to 6 miles beyond thu at.lionl the Model DIG lntsrropator srhibitsd only rrr.tic or 
“jittery” milcnpr indication from 2 mils. inbound to 2 milsa outbound. The degree of errstic 
rsndlnpa did not exceed 0.2 mil.. On scvcrrl subasquent pa&a.. .CTOYB the ntrtion with the 
Model DIG interrogator awitchsd to the LOO-mllu rrnps (full rcceivrr .onsitlvity), it w.. 
obssrvsd that th. multipath sffsct. VI.*. greats= on tho Mods1 DIC thnn on ths other inttrro- 
gntnru. Unlocldng occurred 2 to 4 milam bcfor. failure of tbc other interrogator. md psrmlatcd 
sp rorlmatcly 2 miles longer outbound. In . compr.h.n.ivs flight-teat proyrnm on mulliprth 
cf cct., on. necs..arlly would be conirontsd with nuroerolw dIfficulti... Thsaa includ. inablllty f 
lo control or forcc..t propsRatio” condition. rt the tlmc of th. ts.t, and the nrc..aity for trcrt- 
ing arch ground statlon LLB L aap.r.ts problem with r.npsct to rsflcctiny or mhadowlng ohjscts 
on the ground. For this ~C..OXI, further flight tsnts to invrst1g.t. .choosa were 1lmit.d to those 
occaalona when npprrcirbls echo effect w,. observed. 

At the bagInning of lh. flight-ta.t proprun, ths circuit-component fallurc. cxcssdsd the 
.ntidpsted namb.r. Invs8tigation qf the.. traublam w.. undertake” with thr u..lstn”ca .nd 
partisiprtfo” of the contractor. I” . “umber of c..e~, minor circuit changes WCPC incorporated 
by the mlnuf.ctursr .B . rsault of cxp.ri.nce. Thea. modificbtions wtr. lncludsd in .ub.cqu.nt 
production unlta and in earlter unlta. Of apprndrbls value w.a thu fact that the contrsctot con- 
tlnucd to flight test and lmprov. intsrrogatnra ldvntic.1 to those dul1vcr.d under tbc contr.ct 
during .“d nftcr d.1iv.ri.m were mad.. Ths results of the.. fliphts wer‘t very hslpful. After 
the itlltl.1 high fallurb psrlod WI. pumsd. reliability of th. inttsrrogatnra incroansd to a 
mrtiehctory lcvsl In . abort time. 

In ~.nsrrl, no specific pattern of frilurss of ccrL.in componsnu could br d.tsct.d, 
.lthouRh .avaral component f.ilur.. were rcpsatsd. The f.ilurs. of two indicatora in ths Globe 
Swift Irutallntien md on. in ths llut~llation in N-It33 already wer. mnnlionrd. In nddition to 
the... two indicator. were found d.f.ctivs when unp.ck.d .“d t..tsd, and these XIL‘T. r.tumsd 
for rap.ir or r.pl.c.m.nt under tha gu.rantc. prvvinions of the contract. No detailed lniormn- 
tion on the caurs of tbtac defect. i. svailabls. although DO furt.h.r indicator fallurcu occurred 
after the f1r.t 75 hour. of rccumulatsd flight time on 111 units, indicating thvt the .ource of 
trouhlr hr. hrsn slimhated. 

The accond mo.t frsqusnt c..u~e of Ioilurc W.B shorted bypams capncltor. 1” vsvsrsl 
circuit locatlonm. 1” two lntcrroprtor. th. nams capacitor. I bia. .upply bypass in tbc trnn.- 
mlttsr, shorted md r.mov.d nsgntiva ,qr,d ,,,a.. Lhsr.by damaging the salcnlum bl.. rmcttflsr 
.nd i.ol.ti”g resistor and blowinp thr high-voltsgc Iua, In on. c..., the high-voltage fmC 
failed to blow, .“d cnthod. r..iatorn of two tran.mltt.r tubnn w.re burned by cxccouiv. crthods 
CurrEnt, 

Sever.1 other bypam. t.p.citor. frrllsd In the recelvcr int.rmsdt.b-fraqusncy strip plut. 
dccoupllnp n.twork md filrmsnt decoupling circuit.. In every Cb.e of capacitor fdlurs. ths 
dsfectlva cap.cltor. ,vcrc @.a.. .nd-seal. harmatlcnlly a..lnd p.ppor cspncirora. Theac W.T. 
. rel.tiv,ly nwx, hiRh qunllty type dcslgncd for axtrsmsly high tsmpsrnturc opcrrtion. They 
were tba product of P well known mmuf.ctursr. Initial production unita of. few of the capacitor 
manti.ctur.rs which we,rs incorpornted In tht.. int.rrogators were not rcpre*tnt.tivs of 
prsasntly ov.ll.blc unit. of thl. tvps. Aftor the lnltlll acrl.0 of .bout mix capacitor faflurua, L 
m.rksd improv.ms”t w.. noted In rcllnbillty of the.. units. 

TWO hllurca of th. .ntc-. . ..embllss occurred due to frtlpuc, which cnu.sd braum 
rrdintor rods to break off nt the point of *tt.chm.nt to the center conductor. Thla f.ilur. xv.. 
traced by the contrnctor to cxcc..iv. p1.y in ths Teflon inbulatora uacd In ths ori+. nntsnnaa. 
L.tcr unit. were rupplisd with. n Ion Insulator which h.ld th. rrdiator rod more rigid m”d 
pravsntsd movsmsnt of the rod IX, cr vibr.tion. .J Th. improvement in antenna deulgn wn. 
dcmon.tr.tcd by p.rform.nc~ of the lrtsr unitn. 

The other component I.ilura. w-r. .csttsrsd, mingle occurre”~e# much .11 P fnilur. of L 
thmrmontntlc tlms-delay plug-i” relay, which W.P rep1nc.d by .” improved wit In the later 
derlg”; nnd I.llurv of th. trnrumittcr power-rdjustmsnt ptsntlomater which W.P rcplaccd by 
. four-poaitlon tap switch and fixed rcaistors In th. lnhr d.aipn. 



Tubm frilurmm hmvm bmmn rslativsly small in numbor for qnipmsnt of thim type and 
complsxlty. Two foilurss of Type 5696 modulator tubea occurred, and on another occanlon two 
tub-n were rsplacsd to sscurn nrsatsr output from the trannmittsr. Tha low rats of tuba fail- 
ure 1s attrlbutcd t.3 the 1argc parccntvyc Of rcltnblc tutm typcn in the da.Lpn. and It Ifi bullavad 
to bs mn important fnctor in the high rsllability achlaved in the lstsst unltn produced. Several 
othrr tuhsm failed smrlkr in ths program, but they were of different typcn. 

CONCLUSIONS 

It la concluded that dsvalopmsnt of the Model DIG Interrogator has produced a new 
liyhtwmipht diutmcm-mcnuurinp intarrugrbr auitmblm for ILYC by civil eircrrit lor nlr mvlpaticn 
nnd traffic control procsdursn. Introduction of direct cryatrl cont,rol to the int.rrog*tor ban 
brrn m mtijor contribution to sirborne DME. ProvlaLon lor rcdudng the racslvsr gain at abort 
rnngsa 1s another advoncsmsnt. The power requirement of thr intsrropator bra bmmn rrduced 
from that of cPrlicr drnlgnv to Y prnclicnl vulur, m~klng the cqulpmant auitablc for use in 
mingle-cnglns sxacutlva and psrmonal mlrcraft. Of major Importance is lho fmct that the ,MC 
unit mmy be cunnsctsd for milhsr 13.5-volt or .?7-volt dc uupplltn. No additional Lnvsrtsr 
cqtipmcnt Ia rcquircd. 

The Modal DIG Intsrrogator met and sxcssdsd evmry rmquirmmcnt of Sprclflcntlon TD-17.5 
und cxcccdcd it in lncorporatlng the dsmlgn features msntionsd mm urn11 an in nccurmcy of dintax= 
mr.aurammnt, Ths rnw5 mum rmgo prrformrrnce of the Interrogator srcsadsd sxpsctations. 



Specification TD-1.25 
hfoy 3, 1951 

DISTANCE MEASURMa EQUIPMENT 
LIGHTWEIGHT INTERRO(3.hTOR 

1. Osnsral. 

1.1 F’urpoao. Ths purpomr of thim npmcificrtion im to sstabliah ths requirements for nn 
sirbornt dlatnnct maamuring squlpmcnt lntsrrogntar for one Ln conjunction with prnrnnt Rround 
trannpondars by private snd l xscutivs typs aircraft. Ths squipmsnt transmits In the band 
962.25 to 987.25 MC and racaivas ln the frequency ronga 1187.25 to 1212.25 Mc. This cquipmmnt 
uses pulna multlplsr coding tscbniqusa for both trnnamiaslon and reception and intllcntaa the 
distancs from tbs ground Etrtion continuously to the pilot while in uperbtion. 

1.2 Ds~lgn. Since this sqnpipmsnt is Intended for une ad an sir navigation dsvlcs, reliability, 
atrbility. md flil-orfr optrltlon ore of prlml irnporhncc in its duaign. Every effort uhould ba 
made in the design no that my frilure of the squipmmnt will be lpparsnt to th. pilot sod no falms 
indicstiona of dhtmcc are prsmcntsd under any IorCateablm conditiona of maUunctlon. It i. of 
prims importbnc.. .lao, thlt th= aquiprwnt .hould ba crp.b,s of production at n modcrrtc tout 
to the privrts pilot. 

1.3 Ysrvlcs Condltlons. Ths equipment mhall meet all rsquirsmanta of this spscliLzation 
wdsr my rnd rll combin=tioM of th. following aarv‘cc condit~onar 

a. Tsmpsraturs: 0’ C. to tb0' C. 
b. Rslativs humidMy: 10 to 90 per cent. 
C. Prenaurs: rnimulatlng sea level to 20,000 feet. The upper limil of ~mbiunt trmp=raturm 

will bs f25’ C, under thla condition, 
d, Voltage nupply: r5 pwr cmnt from =~thcr 13.5 or 27 volts dc. 
. . Vihrrtion: to the axtsnt normally encountered In privltm rnd rrrcutivr typ lircrnft. 
f. Continuous op.r=llon for 12 hours. 
*. Prlm~ry voltlgs rippls of 5 psr cent at 100 to 10.000 cyclan. 

1.3.1 Low Tampsratirs. Thm l quipmcnt q hnll not be dmmagsd when turned on and opsrstsd 
In ambient tsmg.rrturca L. low L. -18. C. 

1.4 Material to b4 F-nimhcd. One complete equipment (DME), for purpouca of thlu 
rpmciiicrtion, ah.11 conmist of the following: 

a. One interrogator or mrin unil houuing thr rscsivsr, trmsmittnr pour.= n upply, mod 
assodatsd vidro circultm. etc.. Lncluding mount‘ng hrmr (ohochout) If required. 

b. Control unit. 
r., lndicrtor . 
d. Instruction book (ilvc coplea). 
I. One met of operating tubsa, fuatu. crystals, and nny other plug-in raormbllco rcqulrad 

for opcrrtion of tbs oquipmrnt. Theme mny be installed in their proper sockets or packaged 
ssparatoly rt the contractor’s option. 

1. One ast of all plugs or connectors, both mechanical Lnd clactrical, required for 
operation of thm intcrrogotor. 

g. One pat of n paras con~lsting of the following: 

Ona net of rll tuhra. 
One act of all fumes. 
One sst of frmqurncy crystals for all fr.qurnFico used. 
One Pet 01 rsct~fying or datrc(or crystals rsquirsd for optrrtion of the unit. 
Ons. srch, tiparc electrical componnnt other than those normally procurable ati 

commmrcirl n tock Itsma, if rsquaml*d. (Sue Paragraph 1.4.) 

1.4.1 List of Non-Standrrd Componcntn. The contractor uhvll furnish two copirn of L list 
of rll clactrical componmnta lusd In the donip of the cquipmont, other thin those normolly 



procurable rn~ commsrciol stock Itvm~. wl~hin tan dryl rftnr dalivrry of the flrrt sqstpmsnt. 
One copy of thin list will bo rstulrnsd to the contractor within tan daya oftcr raccipt, indicutiny 
those components which arc to be furnivhsd 1~ mprrsm undmr Item ~(5). Pmrsgrsph 1.4, for the 
first modsl. This lint shall the” be used to sntlafy Item g(S). Psragrnph 1.4, on all aubmsqusnt 
dsllvsrism under thlm ~peclflcntiun. 

1.4.2 Combination of UnlLu. Nn requirwmunt of this l pacification shall prohibit the 
connolidatio” or scparatlo” of these unita where pomulblc or pructicublc in order to conmcrvc 
apncc OP wcipht. Thu trbulltion of units in Included for purposes of clsrity only. 

1.4.3 Addiliunrl Eqnipmunt. Ths squipmsnt, when dslivsrsd, shall Include rll mccsmrorlsm 
nncs~.osry for mounting nnd Instnlllng in a” aircraft except for wiring and cabline between 
u”1tn. 

2. Flaquircmsntm, 

2.1 Gonnrrl. Ths squipmsnt nhull conaiat of a pulnsd trsnsmittsr, m rscaivor. =d 
aaaocinttd Indicutor circulta coupled topcthvr in vuch P manner that the time required for tha 
propagation of a” Lntsrrogario” pulse to the desired ground transponder and of the reply pulms 
back to the rircrrft vhrll be msrnurod rnd prsnenlad on thu indicator which ahnll br c=libratCd 
I” nautical milea (6OgO feet or I.1516 .tatutc miles). The aqulpmsnt shall alno provids for 
ids”tificstlon of ths @round tranmpondsr in ume to the oprrator. 

Two oltsrnats methods of dlatancc indication are apeclfisd herein bn sxrmplmn. The 
plrrprrphv mrrkod “Altarruts A” l d “Alt.r”lLa B” rmfrr to thcne Iwo nlrcmata.. The method 
of dlatancs Indication to ba uasd ~111 be spsclflsd by the co”trnctl”R officer rrt thn time of final 
contract authorlaatlon. 

2.2 Dsaig”. The design and construction of the equipment, including both material and 
workmanuhlp. ahnll can[orm to thr beat commercial practlcc for mircraft Inatrumsnt and 
c1cctronic equ,pmcnt. 

2.2.1 Lifm. Ths aqnlpmcnt mhull bc dcniyncd so that lt will have the mrximum life with the 
minimum wljushmnt and repair that La contiimtent with low cost and other rsquirsmsntn of thin 
spsc1ficatlon. 

2.2.1.1 Motors. Any motors wmmd in this squipm.“t .h=ll hrvc q ralsd baarlngs of b type 
that doss not rsqulrs lubrication or other attention for mt lsast 1000 hourm of opcrntion. 

2.2.2 Componsntn. All electrical componsnt pmrtm, whsrevmr prsctlcnbla, used I” the 
dsalgn of thin cqulpmcnt, shall be of stnndard commsrdal mrnufsctura ruch that they mre 
rmrdily procurable in thm ewe of fmllure. 

2.2.2.1 Resintorn. Preference shall bs given in the dralp of the equipment to use of 
one-hllf-wrtt. lO- or 20-p== crnt lolrrmcc, inauleted rcslatorm. 

2.2.2.2 Cvplcitorv. Prcfrrcncc ah.11 bw yivan In the dsmlgn 01 the squipmmnt tc tha II.. 
of capacitors hnvlng m tolerance of r10 per cent or ~r”.t.=. 

2.2.2.3 Motorti. No motor” ahall be used In tba equipment without specific aethorirmtion 
from the contracting officer or his rsprsnsntativs. Excsption will bc allowed in this came for 
m dynamotor power wpply, if required. (Sea Paragraph 2.2.1.1.) 

2.2.2.4 Connector.. AU connsctorm shall be aubjsct to tbs approval of tha contrnctlnp 
officer or him rsprensntstiv=. 

2.2.3 Primary Power Source. The primary power mourc. ahrll be nominally 13.5 or 21 
volh dc. 

2.3 Modes. Ten modes shall be used. Erch mods conwimtr of two pulse spacings, mtl 
lntcrro~.tlon @P. mp.clnp md P reply ptiaa spadng. The mods8 to bm uamd .rc L. followa: 
(See also Table 1.) 
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Mods Intcrroyrtion RMPIY 
Spd”g 

(mlcroaccondu) 
Spacing 

(microseconda) 

A 14 17 
i3 21 
c 2a 6’: 
D 35 56 
E 42 49 
F 49 42 
c 35 
Ii 2 28 
I 10 21 
J 7-l 14 

2.3.1 Mode Selectlou. The moda In ume at any given tlma vhvll bt dctcrm1n.d by the 
operating channel ln u.e In accordance with ‘Table I hcrcin. The q alcctlon of the mode ah.11 b. 
rccomplishmd .t ths tlmu of ch.nn.1 ~rluctivn either rutomrticslly from ths receiver and trann- 
mlttrr PcttIngD or‘ by use of B sapnratn control, In tht EP.C of. scpornt. control, inform.tion 
shall be auppllsd by B tabl. in the inntruction book, or preferably by a namoplnts on the control 
box. .a to the correct mode for usa wlth each ch.nnul. 

2.4 Chnnn.1.. 

2.4.1 Number of Channels. One hundred operating channels shall bs provided by cropa- 
banding ten rscsivsr md ten tr.n.mlttcr frrqu.ncicu. Mud.. aball br added tc rllcvlatc Ih. 
intsrfsrsncs cauaad by common frequency Interrogations and replie. from .nd to other nir- 
craft. The arrangsm.nt of thrnnrla .h.ll b. in vccord.ncs with Tvblc I. 

2.4.2 Channel Selection. Selection of . ch.nn.1 oh.,1 con~lnt r,f the following fanctiona: 

8. Transmirtsr frsquoncy selection. 
b. R.C,‘Y~F fr.quencY .clcctlon. 
c. Moda salsction. 

In the interest of .implislty. thu control. provided far chonnsl selsctlon oh.11 be .B fsw In number 
a. 1. conmlstant with nconomic.1 d..ip. HOWCY.~, it .h.ll blr .IIowsd, caprcasly, to provldc 
thr.. vrP.r.tr controls, if nscsassry, to afford compnc~oss and economy in lhs cquipmmt. 

2.4.3 Ch.nnlrI Indlc.tion. Indication shall be provided to indlcst. s..ily .nd quickly lo th. 
operator the opsratlng ch.nn.1 lo which thv rquipmcnt haa been .st. 

2.4.4 Channel Pairing. E.ch dist.ncr m...ering chvnnal will bc patred with n VHF 
n.vlg.tion f.dlity frcqucncy In installation of the ground squipmsnt. IL would bc dcuirublc to 
lndlc.tr tht proper VHF nrvi~.tion frcility frrqucncy for palrlng with each distnncs mo..urinR 
ch.nncl on thr selector control marking.. Ths prop.1 VHF nnvlgat‘on frcqusncy for onch DME 
ch.nn.1 i. indlcrtcd In Table I. 

2.5.1 Gmntr~l. The receiver nh.11 r.csivc p.ir.d @PC signals on any of ten frsqeanclr.. 
(Sac Table I for frnqu.nclr.,) The rccslvar control nhall providr pouitlvc chonncl ~alaction 
W&.S oth.r ~LIC’LII. for msttlng frequency .ccurat.ly PSC provided. 

2.3.2 Rrdio-Fruqusncy Input. ‘The bntnnnm input clrcult to the rscoivsr .h.ll hs daniynad 
lor connection to . 52-ohm co.xiul 111~. It 1. preferred thst thn rcccivcr bc demlgned BO thht 
th. r.c.ivcr md the transmitt.r LT. coupled lo the antenna through. ainplr input connection 
to ths equipment. The rccslvsr shall not bs d.m.god by th. tr.nsmltisr under sny conditiona 
of mlamatch. 

2.5.3 San.ltivlty. The vrn.ltivity of the rccclvsr sh.11 be 10R db bvlow one watt, or better. 
on all chmnsl.. This mcnmitivtty ah.11 bs maintainsd and.= all conditions of fruit spoc1fi.d in 
T.blc LI herein. The signal level into the rscolvsr input rcquirsd to m.int.ln dlstrnc. 
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Lnformvliun nhw11 bn the Hsnnitivity figure in the cue of automatic trucHny. The acnailitily 
for “locking OIL” shall bc within 3 db uf ths sensitivity f&r trncking (Alternate A). In the case 
of ths oncilloscops Indlcntor (Altcrnatc B), rrcclvcr mcnaltlvlty ahull Ix drfinmd YP that ~i~nm1 
lcvcl rcqulrrd tu pruduurm n peak oinnml plus noise-to-peak-noise ratio of 2:l on the indicator. 

2.5.4 Racsivsr Froqusncy Stnbility. Either a high or low stability racclvsr may bs 
provided by thm rontrmrtor in mccordmnc.s with the definitions in Par-graphs C.5.4.1 and 
2.5.4.2. 

2.5.4.1 HLgh Stnbllity. Each rccciver ccnllrr fruqurncy ahull bc within 200 kLlocyclcs of 
itu upncifisd vmlus In ‘I’nbld I, under all nsrvlcs condltlonn mm specified In ParsRrnph 1.3. In 
this cnac. thv rtccivcr bondwidth to pu1aclP may bC uitllcr wiac. *Eli-i-ow, or 1ntcrmca1atc in 
accordance with the dsflnitions In Paragrpphs 2.5.5.1, 2.5.5.2, and 2.5.5.3. 

2.5.4.2 Low Stability. Each receiver canter frequency ahall be within 41.5 MC of Itn 
apcciflcd vvluc in Table I, undar all umrvicm ronditionu upccifimd in Prrrmyrkph 1.3. In thou 
rum thm rmcsivsr brmdwidt,h mnnt be In accordnncs with Pmrngrmph 2.5.5.1, Wido 
Bondwidth. 

2.5.5 Rmcmivmr Bandwidth. Thn rncsivlrr bandwidth mry be wide. narrow, or Inturmedintc, 
dapandlng upon the racelvar Ircqusncy stab‘l‘ty. (Yac Paragraph 23.4.) The dsflnitionn of 
thsan handwidthn mre -H apacifind in Parmgrupha 2.5.5.1. 2.5.5.2, md 2.5.5.3. 

2.5.5.1 Widn Rundwidth. Rnreption hand uf thr rerrivrr uhnll be 5 MC, +0.5 MC tit 3 db 
down, and no more than 10 MC wlds ot 50 db down. 

2.53.2 Narrow Bandwidth. Rcccptlon band of the receiver shall be no less thsn 1.25 MC, 
+0.25 MC ut 3 db down. md nr~ mnrm lhan 10 Mr wide rt 50 db down. 

2.5.5.3 Intmrmsdimtm Bmndwidth. Any bendwidth hetwcun the limita l pcclflcd for wldc and 
narrow bundwldth rntiy bc employed. provldcd the atnbility mssta the requirementa of 
Pmrbgraph 2.5.4.1. 

2.6 Identity. 

2.6.1 Idantity. Altrrnvlc A. Idunlificvtion of the transponder with which the interrogator 
1s operating shall bt accomplished by msmnn of II third pulam of 2.5 mlcroacconds In duration, 
hhvlng olmllsr chnrnctsrivtica to thrt dafinad in Table III and Fig. 1. This pulse will be 
sp’ccd 10.5 micromccondm after the second reply pulse bnd nhsll bs pmriodicnlly ucnt on n 
one-fnr-ens bmmi. with aach rsply from thr trunapondcr. Sultsbls drcuttry nhmll bs providnd 
to produce P viauul or vurvl Lndlcotlon of Lta praaancs. 

2.6.1.1 Opsrmtln~ Timn. At lmrut 8 bul not more thnn 12 ldcntlty pulses shall bs raquirad 
‘to produce the indication mcntloned In Pnragraph 2.6.1. 

2.6.1.2 Identity Saneitlvlty. The asnsitivlty for propor opnrstiun of the idCntlflCUtiOn 
circuit. ahall bm within 3 db of Lhr ucnuilivity for tracking. 

2.6.2 Idcntlty, Alternate B. No identity drcnito mre required for oacillo~copc Indlcatorm, 
ths display being relied upon to provide indication of ldcntlty. 

2.1 Decoder. 

2.1.1 Decoding. Altornrta A. Thr dmsudcr ah&l1 bc caphbls of being set to dmcods mny ef 
tan diffrrmnt pmirad pulse apaclnga tranmmlttsd from the nround atwtion, yielding P,I OUtpUt U 
the spmdng la propsr and nn output if thhs uprcinp ia improper. 

2.7.2 Decoding, Altsrnstn B. In thm cum of the oaclllomcopa lndlcator, no butommlir 
decoder Ia ruqulrcd, the osc~lloscopa prosonMtion bning rrlimd upon to allow rscop~nition of 
proper aparing if nsmdmd. 

2.7.3 Ducodcr Spnclny. The pulse apadngs to be tranamittsd from thti yround equipment 
arc apadflcd in Paragraph 2.3 and in Tmbln I. 
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2.7.4 Decoder Tolerance. The decoder (Alttrnntc A) ah&l1 rccept pkrnd pulaaa that we 
wlthln 0.5 microuccond of the correct aprcinp. and it Bhrll reject, by mora than 50 db, pulpmm 
whose spacing ia more than 3 mlcrosacondn from the corrrct M~UC. 

2.8 Distance Maaaurlng Circtitm., 

2.8.1 DI#play Time. After corn lctlon of the atlectlon of n chwm.1. it shall not require 
mar. than 20 mmconda (tiearch timm to dluplmy thr proper dlstmncs on the Indicator wdtr P 
normal frtit conditions (see Table II). It shall not rtqulra more than 40 accnnda undmr 
maximum fruit condltlona (we Table II). Thrum rmquir-mmntn n hall bo conmidsrsd satlufisd 
if the display time is met in 9 out of 10 tries. 

2.8.2 Ssnrch. Ali ssrrching, whether manual or automatic, ahall be outward (lncrcamlng 
dinbnce) to prmvsnt Iucking oa multiprth mipnalm. Provinionm mhall bs mrda to prmvmnt inward 
saarctdng by dlmabllng the circuits or other means, 

2.8.3 Aircraft Speed. It sbrll be posalbls to measure diatancs properly in aircraft having 
spoodm up to 300 lmotr under mrximum fruit condition, (a.0 Trbls II). 

2.8.4 Distnncs Rmpm. It ~hyll b4 pommiblo to rnm~~urrn dimtmcsm from 0 to at lavnt 100 
n.uticr1 milr.. 

2.8.5 Calibration. The calibration of the dintsncs output ahsll be In nautical mllam (6000 
feet, 1.1516 mtatuts mllsn). Thm output n hull bs damiynad to rmsd 0 milma whnn the d-1-y 
b=twcrn thr accend Lntarrogatlon (tranunittad) pulse and the second reply (received) pulse Is 
115 micronacondm. For purponma of thiu msruurwv~nt. time ahall bc rn~~~urcd from corr=- 
~pontliq point. on the rf pulssm at the antsnna connector, using m signs1 level of 50 db above 
minimum usable snd pulnsm l Y mpmdfisd in Trblo III and Fig. 1. 

2.8,6 Memory. 

2.0.6.1 Memory, Altsrnntm A. Thl diutLnc.r oulput uhnll hnvc LL .Fmplc rnngc memory 
lanting from 8 to 15 ascends after the lams of L rniflnrl which hln boon prnuant for at l.aat 15 
ascends. Ths rbnpm indicrtlon It the output shall not drift more than rl mile during memory. 

2.0.6.2 Memory, Altcrnatc B. No memory ia raqulrad for an oscllloscops Lndicntor. 

2.0.7 Pulss Rsgrtition Rate. The distance mcasurlng circuits shall not rsquirs the 
trunamittcr to trammlt an rvsrlgs repetition rat= pwntrr than 30 pulse pair. per second 
when averaged over L period of 10 mlnutea. In no CP~C ahall the pulaa repetition rsts exceed 
35 pul., +rn p.r atcond. 

2.0.8 Jntarrop~tlon Jitter. There ohm11 bs L random variation of at lcnnt +l par cent In 
the time between tranaml#alon of succcssivs pairs of intarrog~tion pulamn. 

2.8.9 Interrogation Rrts Stability. Dmmign of the pulac repetition rata datsrminin circuits 
sh611 bs nech thrt Lh.ir abort time stability ia purponsly dsRrudod in order to inuurc 4 urthsr 
npainnt accidental aynchronouv operation from two Interrogatora opsrsting on one trsnapandnr. 

2.8.10 Interference. Injection of mny of thr following types of signals into the antsnru 
connection, in mddition to proper transponder replies, shall not CLUP~ thr proper dlatnncc 
remding to cbnpe outalds the limita spscifimd herminI 

L. Third pulmc Identity: Thin connlnte of c third puluc, in addition to the normbl two 
tran.mitiad from thm #round trnnaponder for purposes of identity. (S-m Pnrnyrnph 2.6.1.) 

h. Fruit an q paciflsd under mnximum condition. In Table 11. (Note: ‘Thin condition 
cliffarm from rscmivor bandwidth.) 

2.9 Trmmmittmr. 

2.9.1 General. Thr trnlumitisr ahall trsnmmit a prirad puloc algun on any of ten 
ntrbilirmd frequcnciaa. 
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2.9.2 Frcqu=ncism. The transmlllrr ahall bs capable of bciny Egt Lo r”y of the ten 
frsquusnctes, em aptcifi4d in Table 1, by P oingls detent control. 

2.9.3 Pulmc Shrpo mnd Spectrum. Thn dstsctsd pulse snvalopc and ap.ctrum of each p&e 
trrnmmittsd by the tronnmitt=r rhnll be I” accordance with ths valuea spscUlcd Ln T&l. III 
snd Fig. 1. In rddition, srch pulaa of Y palus pair uhsll be tin “early ldrntic.1 LP povwlbls. 

2.9.4 Frequency Stability. The tronamillrr frmqumncy mhall be stabilltitd within *QOO 
kilocyclcu of itn npscifled frcqurncy on sll ts” channels, under nil amrvics co”ditlo”s, and 
In addition, a minm=tch corresponding to L volts~m standing wave ratlo of 211, or 1-a.. 

2.9.5 Power Output. The peak power of each tru,nmittsd pul,s shall bu not lcma thb” 500 
wattn under all canditionn of opsratlon. The pm&k pow-r of .bch pulse of B pair nball not 
dcvimtm by more than 1 db from th. other. Those condltlonu ohnll ba m*t with E mismatch 
corrcapondinp to . voltqs standlnp WLY= ratio of 2:1, or lesa, of any phvu. nt thm rrrrtsnnn 
connector of the cquipm.nt. 

2.9.6 Output Lord. Ths output of the trmamittur mh.11 be dssi@sd to operate into I load 
Imp=d.nc. of 52 ohms. 

2.9.7 Spurious Radiation. During Int=rvrlu bstwesn generntlon of indlvldull pularu. 
transmiaaion at any fr,quency shall be more thou 50 db below th= p=rk power of the mal” 
pulse lr.n~minnion at the radio fraqu.ncy of opsratio”. Thls provision rafsrn to all 
transmiaslona, Including modulrtor and generotor Inturfrrcncr. 

2.10 Cod”.r. 

2.10.1 Coding. The coder shall br cnpsblm of being set to produce any of ten paired pulam 
spacings &P uprcifimd in Tbbls I. 

2.10.2 Co&r Tol.rmcm. Ths npncing batwtan tonatltuent puluru of c pulo. pair shall be 
m*intlinmd withln 1 mlcroaacond of thr proper vrlus under all conditions. 

2.11 Indicator. It Is the purpose of thin apucificrtion to permit sltarnrtss for the method 
of dinrtnnce indication. Two nltrrnato mmthodn &re npsdfied M examplea. The l actiono 
marked “All~rrrt~ A” throughout this apecificutlon apply to L” mquipmsnt wing b mstsr indi- 
crtnr with nutomatlc tracking clrcuttm, Ths esctiona marked “Alternate B” npply to equipment 
using an ondlloscopa diatancc Indicator without w&mntic trncMng circuits. 

2.11.1 Design, Altsrnrtr A. The indirrtor nhbll bs dssipsd a~ a mater movement with L 
scnlc covrriny 240’ or greater, and calibrated In nnutic=l milan from 0 to at leant 100 with m 
linear scale. 

2.11.2 Size, Alternat* A, Thm inmtrument, including co”nactor, ahall not project more 
than 10.5 lnchca b.hi”d the inatrumsnt panel when mouotad in Lto normal paoltion. (Smr 
PnraEraph 2.14.2.) 

2.11.3 Accuracy, Alternate A. The Lndlcrtor. when connnctsd to ths squipmsnt, shall 
lndicntc ths sorrmct dimtmncs to a ground transponder wlthln +S per cent. DI +l n*uticnl mile. 
whichever 1s grcatcr. 

2.11.4 Indlcntor Dirl, A1bm.b A. The Indicator mumt ba #O demlgncd that thr dtotanc. 
iu clm.rly legible at b dintinca of thrcv fret. Th. co”ttrrctor .hrll furnish vith his proposal 
L sketch of tha contamplulcd indicrtinp inntrumont. The contractor shall further furnlmh L 
flnnl drawing of ths tndicbtor face for approval bafoarc construction of th. indicltir. 

2.11.5 DenLgn, All.rn.ta 8. The Indicator shall ba designad in in o~cllloscopc with I 
circular trace, with n scale covcriny .m prmnt a portion of the circular trace ms poasiblc. 
and calibrated I” “suticrl miles from 0 to at leaat 100. 

2.11.6 Si=s, Alternate 8. The indlcntor oh*11 not pfoj met morn than 10.5 inchss bshlnd 
ths instrument pnncl when mowtsd in.it# normal positlo”. 
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2.11.7 Accuracy. Alternlta B. The Indicator, when connected to th4 squlpmsnt, shall 
indicht. the correct dimtancs to L prowd trannpondcr with 15 per cant or 1 nautical mile, 
whichever lm grsrtsr. 

2.11.8 Indlcrtor Dill. Altcrnatc B. The o.clllo,cops face itmrlf or a ,,uitrblm ovrrlq 
rhlll bc erlibrnttd and lsttsr=d .o .m to br =uily legible from r, di.tanca of at l-fist rhrss fsst 
from ths inatrum=nt. The worda “nsutlcnl milsa” mhrll also be prominently marked on the 
inntrummnt. The contractor uhall furnish L .kmtch of the propo,ad indicator fncs with ths 
propowl, and hm shall further furnlah a dual drswing for npprovnl bcforc conatructlon or 
1.tt. ring of ths indicat.x . 

2.11.9 Gus. The Inotrumant ahall bs fitisd with P n uitnblc cue or dust cover to protnct 
it. 

2.12 Computer output. 

2.12.1 Propoaad Computer Output. The contractor mhall crrcfully coluidsr all pouaibls 
methods of providing an output from the Lnterrogator, which 1~ propartloaal to the Indlcatsd 
diatrhcs, for we by course line or plctori.1 computera. Aa a result of this consid.r.tion hc 
l hall fumi,h the following informrtlon to the contracting officar or hia rcpreoantative: 

L. P0,.ib,lllty of comput9r output. 
b. Type of output (..c Paragraph 2.12.2) or outputs. 
c. Emtimbtod diatancs accurscy. 
d. Emtimltcd additional comt. 

2.12.2 Typ=. at Output Domired. Thu following nre typos of output dcalrad for computsrs 
in ord.r of preference: 

a. Direct currrnt or sltsrrutinp current volt. proportion.1 to di.tanca with 15 to 30 
volt, .t cl to 150 to 250 Volta at 100 nautical muss. 

b. Same n xccpt 0 voltm to corny lower vnluc. 
c., Alternating currtnt volts with phnu= nhift proportIona to distmcw. 
d. Othorm. 

2.13 Ssrvlcs Adjlutmcnt. 

2.13.1 Calibrrtioo. Means shbll b= provldsd to allow calibrntton of ths dlstancs rcrur.cy 
by qurllfisd ..rvics persormel aa P .hop ndjuatmsnt. Thla #hall includm I 0 rdjuatment In 
.ddltlori to any othrr. required. 

2.13.2 Locking. All n.x-vicm ldju&tmsnt controls l h=ll be provldsd with shaft locka or 
l~cldnp arrmgsm~nt. to prohibit their rotrtlon when subjsctsd to vlbratlon. 

2.13.3 Adjuatmcnt Stability. After adjumtmsnt. ml1 oquipmsnt paramot=r. ahull ramaln 
within Chair to1armc.a harsin mpsdfied wtthout further adju.hant when the squipm=nt ia 
Inatallsd in WI tlrcraft and the aIrcraft 1s flown under ~rmal flight conditloran. 

2.13.4 Adjustment Accsmmihility. All control, md component. nscs~,ary for the proper 
adjusmmni and mslntsnmcc of the squipmmnt .hnll be asmlly bccr#.Ibla upon rsmovsl of the 
d,ut cover or dwt cover.. 

2.14 St,,. 

2.14.1 M.in Equlpmmnt. The squiprwnt. txcluaivs of indicator. control box, shochnaunt, 
snd ant.-, ‘hall b. hou.sd in L ~L.C not occupying morm volume thw = ,tundnrd one-half 
ATR. (Ths packnglng nsmd not take thls form factor.) 

2.14.2 Indicator. Thm Indlcltor .hould be dcaignsd to mount conveniently on thm irutrumcnt 
p.aal of tgpicbl lipht nlrcrsft. 

2.14.3 Control Box. Th. control box mhould b. comblnad with tha indicator, If practicsbls, 
without .~crUicing a.ipht, .psca, cost, or convan‘sncs of op=ratlon. In ths wont this 



combination is umsd, m drawlug l howlng ths rrrangsmsnt l nd pans1 mounting space required, 
and gi?dng the c.th”ktcd weight Of the combintd unit. .hlll br .ubmitlc* *or lpprovrl to ths 
contrmctlng officer bsfors construction. 

2.15 Weight. 

2.15.1 Total Weight. The total mqdpmrnt. including the rrmin unit. control box. lndlcator, 
mounting bass, r”d ml1 connectors necessary for Inatmllation, l hrll not =xcmad 30 pounds. 
Thin wclght .hdl jw erclu.ivc of all cabha and wiran between the unlta comprM”g the 
equipment. 

2.14 Clovsrsmsnt Ferninhsd Equtpmsnt.. 

2.16.1 Antenna. Thm Govsmmmnt will furnimh thn contrnctior with mt lanst ens l ampla of 
the ~ntcnnr to bc uacd within 90 dmyo mftsr award of the contract, to be u.ed by ths contrxbr 
I” development and testing of the sqdpms”t,. Thim mt.nru l hall bc returned to the Government, 
rt tha time of flnll aquipmcnt dcllvcry, Ln good condltio”. 

2.11 lnstructio” Book. 

2.17.1 Content. Tb. instruction book to br furniahcd by the contractor (Paragraph 1.4.d) 
abau contah the iollowi”g material: 

r.. Index. 
b. A dcacription of the irutallatlon procedure nnd rll n.c=m,mry informntlon for 

installing ths interrogator in the ~irplmu. 
t , A dcmcriptlon of the theory of opsrstion of tbs equipm.“t in vufficiant data11 raqulrsd 

for l ” und.rst.ndiny of th. principlea uaud and the function of such tubs mnd mrooFlrtmd 
circuit in tht Interrogator, locludlng n block diagram. 

d. A photograph or drawing of such unit or .r.rmbly (control box. Indicator, 
r~crlvrr-tr=“,mitter, etc.) with P. many replaceable parts LB po,.lbla labeled by 
sultabla overlay or marking according to the circuit .chematic rafsrsnca “umber. 

e. An inatdhtion wirlnp: dimgram nhowlng ml1 vrlros and crb1.m butwecn unLta rnd the 
number, ales, type, and coenmction point of n rch wlra. 

f. A circuit .chamatlc. or schamatlc., or ths compllrts intarrnyrtor .howinp: nominal 
vmluss for sll rsplmcabls pnrtm. 

g. Yoltuga mud remlatancs charta l hewing voltrgs. md rr.lotancaa to ground (chammtm) 
or other convsrdsnt point from .=ch t&c docket pin and mny other poi”to rsquirmd for 
n arvlcieg the interrogator. 

h. Part. Il.t (lncludin# circuit mchsmatic rsfsrsncs numb.r. nomlnml valuam, 
tolarmncca, ratlngm, and unit or rsmsmbly i” which they arc umsd I for replmcsabls 
componsnt pm-tm in the Lntcrropmtor. 

1. Omclllogrmphlc waveforms throughout the squipmmnt. 
j. Any other m.tsri.1 or inf~rmrlion rcqulrad for ssrvlcinp ths int,rrogntor. 

2.17.2 Detail Required. Thm dmmcriptionn md cxplmnatlonm In ths lnmtruction book mhall ba 
In sufficient &tall to allow tsmting mnd rsprir of the intcrropmtor by m tsch”icim” l klllmd in thm 
mcrvidng of radio and electronic squlpmsnt. 

2.17.3 Submlsalon of Manumcript. The contrrctor ahall nubmlt a msnumcript in =ny lmplble 
mnd ordsrly form of tht propoaad iutructlon book withi” 30 dry* &Cr dallvsry of thm first 
lntsrrogntor for mpprovsl by the contrrctlnp officer. After approval the Instruction book m.y 
bo rmproducad and bound for delivery I” the quantitiss rsqtircd Ln Prragrrph 1.4. 

2.17.4 Prtlkninary Inmtructio” Material. Ths contractor Lull iurrdah. with the firmt 
mods1 snd any sub.squ.nt 8~lIverlco of cqulpmant before the final iwtruction book II ~vrllablc. 
at leant o”e n st of prsliminary instruction mlt*rlal*. Thin matsrlal shall conrnbt of I block 
dingrmm uhowing wrvalorm~. a n chamatic wiring dibgrrrm n howlng component valuea and 
r.Unp.. m-d. wiring diagram showing all cmbls. m”d wirsm between unite or neatmbllaa 
nncomsrry for 1”stmllmtion md opmration of tic equipment. Thim condition will bm nmt~nfiad by 
q ubml.~Lon of ndditional copla. of the l”,truct,o” book mr”uscript. 
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2.11.5 Blndlnp mud ReproducLion. Ths inatructio” book mmy be rvproducsd by mlmsograph, 
on b good quality paper, or by olfaet priotlng procsnmss. 0lo.m or matte print. of photograph. 
may be Included. or hmlf-tone cut* of photograph. may be uacd Lf dctiircdr Oraltd or aqulva- 
lent black line prln-u of drmwvlnps or mchsmattcs mny be umcd. The lnrtructlon book mhall be 
bound in good qunlity, wet atrsngth, Hmp pmpcr covLr. 

2.18 Tsmt. and Acceptmncs. 

L.lg.1 Prsllminary Tsmts. Pralimlnmry ttmt. for complimncm with ths following 
rcqulramcnt. of thr n pceificmt~on will bs conducted mt the contractor’. plant on the first 
modsl: 

b. 
b. 
c. 
d. 
e. 
f. 

8. 
h. 

f : 
k. 
1. 

m. Six. (P.r.pr.ph 2.14). 
n. Weight (Paragraph 2.15). 

Rscslvar l snmitivlty (Psragroph 25.3). 
Racciuer frequency (Pnrmgrmph 23.4). 
Receiver bandwidth (Paragraph 2.53). 
Dmcodsr tolmrmncm (Pmrmgrsph 2.1.4). 
Dimtancs range (Pmragraph 2.8.4). 
Msmory (Pmrmgrrph 2.83). 
Pul.s rspetltlon rata (Parmgrmph 2.8.6). 
Tr.nvr,itt.r fr.qu.ncim, (Pmrmgrmph 23.2). 
Pulma shape md .pectrum (Paragraph 2.9.3). 
Power output (Pmrngrmph 2.9.5). 
Coder tol.r.nc. (P.r.pr.ph 2.10.2). 
DL.tancs accuracy (+ragy.ph 2.11.3 or Paragraph 2.11.7). 

2.10.1.1 Conditlonm of Ta.t.. The tcmt. mcnt1on.d in Pmrmgrmph 2.18.1 n hmll bm conducted 
undsr the following servlcs conditlo”.: (See Pnrmgraph 1.3 .) 

P. 
b. 

i: 
. . 
f. 

B. 
from 

Tmmp~rmturm: room tempsrmturs only. 
Humidity, norm.l room conditiona at time of tmmt. 
Prsmmurm: norm.1 room pr.r.ur* prsvallln 

2 
at tlms of test. 

Voltage l upply: r3 per cent from althcr 13. or 27 volt. dc. 
Vibrmtion: non.. 
Contlnuou~ operation for at 1sa.t four hour.. 
PrLrnnry ripple: mudmum mvnllablc up to 5 pmr cent nt mny frcqumncy mvnllrbl. 
100 to 10,000 cycle.. 

2.18.1.2 ~mdlitls. for Tsmt. The contractor #hall furnlmh all fadlitls. and ts.t aqulpment 
for the prsllminary tsmts and conduct ths tsmts with ths pmrtlctpmtlon nnd/or ohmsrvatlon of m 
copn‘mmnt .npin.cr damlgnatsd by the contracting offlcar. 

2.18.1.3 NoUc. of Ta.t.. The contrmctor ahall notMy the contrnct‘ng offlcar at lemmt ten 
dmys bsfor. h. L, rmmdy b bruin the prcl‘minrry b.tm in ordrr to inmurc premencr of the 
cognl~~nt snglnssr without dslmying the tmmtm. 

-2.18.2 Fin.1 Test mud Ac~.~~.Pc.. Find tc.t. a”d mcccptmncc will be con8uct.d mt the 
Technical Development mud Evrluatlo” Center and complsts toots on ml1 l ubmmquont 
dslivsrism. 



Paired wit!n VOR 
(tenth megacycle) 

DME Interrogation 
(megacycle) 

Paired witi 
VOR/Localizer 

(megacycle) 

108 
109 
110 
111 
112 
113 
114 
115 
116 
117 

DMX 

R=pb 
(megacycle) 

1198.5 OA 1B 
1191.0 10D 11E 
1193.5 2s 21H 
1196.0 3OJ 3lA 
1198.5 4K 4m 
1201.0 50F 5IG 
1203.5 601 blJ 
1206.0 7OB 71c 
1208.5 8QE BlF 
1211.0 90H 9Ll 

TABLE 1C 

DUE -YOB-LLS 
PAIRING AND CHAMNEL!XG PLAN 

0.0 0.1 0.2 0.3 0.4 OS 0.6 0.7 0.8 0.9 

9635 966.0 9685 971.0 973.5 976.0 978.5 981.0 963.5 986.0 

2c 
12.F 
22I 
328 
41E 

ZE 
72D 
82G 
9u 

3D 4E 5F bG 7H 
13G 14H In 1bT 17A 
23J 24A 25B 26c 27D 
33c 34D 35E 36-3 37G 
43F 44.2 45H 4bI 471 
531 54J 55A 5bB 57c 
b3B 64-S b5D hbE 6-m 
73E 74F 75G 7bH 77l 
83H 84 85J BbA B7B 
93A 94B 9x 9bD 9i-E 

a** 
18B 1g 
26E 29F 
3sH 391 
4&h 49B 

i: 
59E 
69~ 

781 79A : 
BBC BgD 
9E? 9% 

A 14 
B 21 
C 28 
D 35 
E 42 

RCPlY Mode 

77 

ii 
56 
49 

F 49 
G 56 
H 63 
I 70 
J 77 

hterrogation 
(micmsecoda) 

RCPlY 

42 
35 
28 
21 
14 
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TABLE II 

FRUIT CONDITIONS 

Fruit n i~nd. mpy b. of my amplitude from equality to 50 db ~bovs ths dsslrsd reply signal. 
and of the mams charactsrimtlcm and shape. (6-m Table IU and Pig. 1.) 

Condition 1 -B 
Normal rrult 

Wids Band Rwmivar 

Thim condition ia causmd 
by the LvJactlon of random 
pulmsm. in addition to thr 
da.isad r.ply, Fnto the 
antenna input of th9 
htarroyntor under test. 
Ths following typ.” of 
fruit compri.a c-d. 
condition: 

Thh condltlon is 
idsnticd to Condition 
1.*. .xcqt: 

(a) 1500 pul*m pair* 
par second at 
pr0p.r .ppcLnp. 

Tbi. condition l hall bs 
on a linear percsntsg. 
ralPtion.hip with tha 
actual bandwIdth b&wean 
*a two condition., 1-A 
and 1-B. 

(b) 6000 pnl.c pnir. 
per ascend rt 
impropr apcing. 

ldsntlcal to Condition 1-B. Id.ntica1 to Condition 
1 -A. except: 

(a) 3000 p&s pairs 
p.r ..cond at 
proper spacing. 

This condition mhdl be 
on a linear psrcsntags 
rmlntionddp with thr 
actual bandwidth bstwssn 
tha two condition., U-A 
and U-B. 

(b) 12.000 pulmo pmirm 
par l acond at 
improper npncing. 

Not.: Traupondsr efficiency shall bs conmldsrsd to b. no l.nn than 70 par cant under all 
fruit conditionn. 
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TAl3LE Ill 

PUISE CHARACTEM8TICS 


