
UHF DISTANCE MEASURING EQUIPMENT 

FOR AIR NAVIGATION 

BY 
R C Borden, C C Trout 

and E C Wdhams 

Electrona Dnwon 

Techmcal Development Report No 114 

CIVIL AERONAUTICS ADMINISTRATION 

TECHNICAL DEVELOPMENT AND 

EVALUATION CENTER 

INDIANAPOLIS. ISDIANA 

June 1950 
” ( (3 I 
,. c L> \ 3 



IABLE OF CONTENTS 

SUMMARY 

IN? RODUCTION 

13ASIC 3ME PRINCIPLES 

DESCRIPTtON OF EClU!PMENT 
1fssrs 

IN TF.KNA? IONALLY STANDARDIZED 100-CHANNEL LIME: SYSTEM 

c,ONCLUSLONS 
APPENDIX, 





UHF DISTANCF MEASURING EQUIPMENT FOR AIR NAVIGATION 

sUMMARY 

The commonclwl mllltaryprogram far 

navlgatlonal uds for use on and off the air- 

ways 1s based on a polar coordinate system 

from which a D 11 o t may obtam his posItIon 

relative to a known ground location This 

na\lgatlonal lnformatlon 1s s up D 11 e d lr, the 

form of azimuth and distance measurement 

from any preselected ground faclllty 

Under this program azlmuthmformatlon 

1s supnlled by the VHF omnlrange which 1s 

now bemg mstalled on a country-wide basis 

Development work on the fmal version of the 

other parameter of the navigation system. 
VIZ , the distance measurmg equpment, 15 

nearly completed and plans are bang made 

to add that equmment to the VHF ommrange 

faclllt,es I” the near future Addltmn of the 

distance measurmg equpment to the Instru- 

ment landing system (ILS) to provide con- 
tlnuous dxstance mformatmn to the runway 

touch-down poxnt also IS contemplated 

The distance m e a s u r 1 n g equpment, 

commonly referred to as DME, employs pulse 

techniques and the mterrogator-transponder 

or challenge-reply nrmclole so wdely used 

in ldentlflcatlonequlpment durmg World War 

II A port 10 n of the frequency band, 960 - 

1,215 MC asslgned to atds to air nawgatmn, 
IS bang used for DME m,plementate,n This 

report describes the develoument of several 

types of DME and the results of the tests made 
an these systems 

In operatmn, the a 1 r c r aft unit of the 

DME, commonly called the mterrogator, con- 
tmuously transrmts a tram of short duration 

rf pulses These pulses are received at the 

ground statmn, c a 11 e d the transponder, and 

are shaped by sutable cxrcults u,to trigger 

pulses, whlchmodulate the transmitter portlo., 

ol the transponder The regeneratedrf pulses 

transmitted by the transponder. on a different 

frequency than the orlgmal received pulses, 

are I” turnrecelved by the alrborne receiver 

sectlonofthe mterragator ElectrIcal meas- 

usmg clrcults wlthn, the mterrogatormeasure 

the tmx elapsed between each pulse trans- 

mltted by the Interrogator and the reception 

oi Its correspondmg reply pulse from the 

transponder This tnne 1s directly related to 

the distance between the a 1 r c r aft and the 

ground statlon and 1s converted. by sutable 

measurmg circuits wlthln the Interrogator, 

n,to proper voltages for overatlng the ullot’s 

distance mdxator The lndlcator 1s call- 

brated dxrectly in m&s As many as 50 air- 

craft can use the same ground transponder 

equipment snnultaneously to obtamcontmuous 

distance mformat,onwlthout Interference and 

wvlth no reduction in performance. 

The latter part of the report covers a 

descrlptlon of the mternatlonally 5 t a n d a r d 

1 OO-channel DME system and the basic prm- 

clples used madoptmg crrtam characterlstlcs 

The system 1s in agreement with the plans 

outlmed by the SC-31 report of RTCA and 

prowdes conslderable latitude for the design 

of future types of a,r navlgatlon and traffic 

controlalds in the same frequency spectrum 

INTRODUCTION 

// Many organuatlons have taken an active 

part lr, the development of DME Among these 

are the NavalResearch Laboratory, Canadian 

Res~archCounc~l,GeneralElectr~cCom~any, 

HazeltIne Electronxs Corporat,on, Federal 

Telecommunlcatlon LaboratorIes, U S A,= 

Force, and the Clvll Aeronautxs Admmls- 

tratmn. The e a r 11 e s t operatmg DME was 

b “11 t by the Canadian Research Council ,n 

1945, and was deslgned for operation in the 

frequencyreglmof 200Mc Subsequentmodek, 

of this equipment are now in continuous oper- 

atlo” along an experm,ental airway between 

Montreal, Quebec, and Wmdsor, Ontario 

Earlym 1946, ar, expermxntal DME desIgned 

for operatmn I,, the region of 1,000 Mc was 

completed at the Naval Research Laboratory 

by the Combmed Research Group The prl- 

mary purpose of constructmg this model was 
to determmewhether propagahonm this fre- 

quency band would be sutable for DME use 

With this questlonansweredinthe affirmatwe, 

the U. S. Air Force awarded contracts to the 

Hazeltme Electromcs Corporation and to the 

FederalTelecommunlcatlonLaboratorles for 

the construction of development m o de 1 s of 

1,000 MC distance measurmg equipment I,, 

the meantmw, the orlgmal Naval Research 

Laboratory model was transferred to the CAA 
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TPCh”,L 31 Drwlopmrnt and Evaluatmn center 
at Ind,nn~*pol,s lor operat1ona1testmg 1nocto- 
her 1946, th,s model(together~,thearly~Hzel- 

tme and Federal models) was demonstrated at 

Ind,anapol,s to representatives of PICA0 (Ro- 

v,s,onalInternat~onalC~v,lAvlat~onOrgan~za- 

t,on ) Enthusmsm. occasmned by more wide- 

spread real,zat,on of DME potentml,t,es, led 

to the establ,shment ofSpecmlGmm,ttee 21 of 

theRad,oTechn,calComm~ss,onforAeronau- 
tLcs Ihe functmn of t,xs committee, whxhmet 

,n December 1946, w.+s to itandard,ze DME 

sprr,hcatmns so that all future cquwments, 
r e g a r d I e s s of manufacturer or procurmg 

n~e”c\, would be capable of opcratmg as a 

part of a smgle standardmed system The 

sp. clfxatmnl prepared by SC-21 dlctated the 

b a s I c requrements to be met by all future 

rqu,nments, but was so deslgned that mdl- 

\ldual varlat~ons I” lesser dpta,ls would be 

,,osslblr without rrndermg the mdlv,dual un,t 

mcanable of o p c r a tl o n in con,unctmn with 
other urnts of the system 

Shortly after this sneclfxatlon was re- 

leased, the CAA placed an order with the 

Hazeltme Electronics Corporatlonfor a small 

number of ground transnondors and arcraft 

mterrogators These equpments were ordered 
on a spec,f,cat,on prepared at the Techn,cal 

Development and Evaluat,on Center meetmg all 

of the baslr requ,rements of the RTCA stand- 

ard In add,t,an, the Navyordered a quark+ 

oftranspondors and mterrogators through the 
CAA to meet th,s same spec,fvzat,on About 
the same t,me, the Ar Force requested Hazel- 

t,ne and Federal to modliy the umts covered 

by the>= con t r a c t 5 to conform, msoiar as 

possible, to the RTCA sveclfratlon Dellvery 

of the equuxnents covered by both the CAA 

and the AL= Force contracts was completed 

in the mummer of 1948 

Extensive laboratory and serv,ce tests 

were conductedbythr A,r Force and the CAA 

on these equmments The prmmry purpose 
of these te s t s was to evaluate the relative 

merits of two dliierent types of DME chan- 

nelmg At the t,me of preparation of the 
SC-21 DME soeclf,catlon, the requrement 

emsted that the DME system be caDable of 

‘RTCA Paper 6-47/K-4, Report of 

SC-21 (D~stanceMeasurlngSystemStandardl- 

zatmn), January 16, 1947 

operatmn on any of 50 lndemndent and non- 

mterfermg channels It was mtended to ln- 

stall a DME transponder at each VHF ornnl- 

r.?ingSZ 2 site to provide a complete azimuth- 
distance ground iaalxty There we r c to be 

30 suchomnmmges w,thm a 500 nxle square, 

each with a dlscrret frequency assignment, 

(these 30 frequencies would be reneated in 

each ad, ace nt 500 mule square, non-inter- 

ference bemg achieved by the geogra,,h,cal 

separation) In addltmn, DME transponders 

were to be lnstalledateachlnstrument landmg 

site, th E r e bemg 20 of the s e for each 500 

mde square, all with d , f i e r e n t frequency 

ass,gnments. Themeans of obtamng the re- 

qured 50 channels employed by Federal and 

the means employed by Hazeltme were dli- 

ferent The Federal equurmnt provided the 

50 channels by ass~gnmg discreet radio fre- 

quencws for each channel Smce the DME 

IS a two-way system and requires different 

irequencxes I o r the au-to-ground and the 

ground-to-an tramrm~smns, a total of 100 

different radio frequencxes were required 

In order to orovlde this number and remain 

wlthm the asagned DME frequency band, a 

high stablllty system, wherem the mdlvldual 
frequencxs are senarated by annroxmmtely 

? 4Mc, was required The Hazeltme anproach 

to the nroblem consIsted of selectmg 26 radio- 

frequencies, w,th ad,acent snacmg of 9 5 Mc, 

wIthIn the assIgned band and reneatmg each 

frequencyiourtmes. To~reventlnterference 

between channels on the same frequency, a 

system of do ub 1 e nulse tranmuss~ons, or 

p u 1 s e multmlex, was emrnloyed In such a 

system, desired svgmals are selected and nn- 
desired signals re,ected by nroper design of 

video codmg and decodmg circuits 

The tests oerformed by the Air Forces 

and the CAA were conducted under the aus- 

DICES of RTCA subcomnuttee SC-40 (Stand3- 
ardzatlon of DME T es tlng Procedures) 

Both systems of channelmg were found to be 

satisfactory, but the chmnelmg problem be- 

came further com+cated by a change ,n the 

‘H C Hurley, S R Anderson, and 

H F Keary. “The CAA VHF Omn,range,‘l 

TechnIcal Development Report No 113, June 

1950 
3RTCA Paper 121-48/DO-24, Renort of 

bC-40 (DMt 5ystem Characterlstlcs), 

December 15, 1948 



opt rar,“pal requ,rrment io r the number of BASIC DME PRINCIPLES 

channels t” bc pr”\,ded b, the svStrm Re- 

cxam~natmn of the over-all d”mest,c sh”rt- In order to more clearly ,llusrrare the 

rdnge na\,gatmn requ~rcmenrs b\ RTCA sub- fash,“n,n wh,ch DMEactuall\ measures d,E- 

comm,ttce bC-22 1 c d t” the dec,s,“n that a mnce, the “perat,“n of a basic system w,ll be 

total of 100 channrls must br nrowded rather described 

than “Ill> 50 4 

F,g 1 IS a funct,onal d,agram of 
It was grnerallv consIdered abas,cDME mterrogator TheMaster Mult,- 

that extension of the Federal system TO 100 x,brat”r, V24 and V2i. generates a square 

channrlT br further sub-d,v,s,on of the chan- wale at a re,,ptlt,on rate of 200 per second 

nel spac,nq (from 2 4 to 1 2 MC), ,f nosslble The lead,ng edge of eachnulse ,s used to 

at all, would senously delav the “neratlonal trigger the t,me measunng c,rcuts as well 

use of DME Smce separat,“ns of the ordrr as the arcraft transmxtter The transm,tter 

of 2 4 Mc hadbeen shown to be nract,cal, and ,s f,redthr”ughthe kever, rhe modulator, and 

s,nce the pulse-mult,plexmeth”dof channelmg the pulse transformer The nos,t,ve wa\eform 

had l,kew,se ~r”ven Its worth, the drc,r,on at the gr,d”f the modulator d,scharqes a de- 

was made by SC-40 to c”mb,ne th? two tech- lay 1,ne ,n the “late c,rcu~t through the x oltage 

mques ,n order to o b ta,n the 100 channels sten-up p “1 se transformer The ournut of 

Tests of the pulse-mult,plex system md,cated the pulse transformer, aonrox,matel> 1 P set 

that the number of t,mei an ,nd,v,dual fre- in durat,““, IS appl,ed to rhe Dlate of the 

quency could be employed m,ght well be I”- transmitter tube rh,ch ,s a Ty”-ne 2C39 cav,ry 

creased from four to ten. thus. 100 channels tunedtr,ode “sc,llat”r Durmg th,s per,od of 

could be provided b) the use of only 20 rad,o “late voltage appl,cat,“n to the transm,tter, 

irequenc,es (ten for ,nterrogat,“n and ten for the tube osc,llates at a frequency determmed 

renly) Byemploymg a spacmg betueen rad,” by the tunmg “f the cant., Cou,,l,ng betaeen 

frequencxs of 2 5 Mc. the ent,re DME system the transnutter and tk antenna 1s. accomnl,shfd 

could br ,m,,lemented w,th a band of apnrox- bv means “f a small hole ,n the transm,tter 

,mately 50 Mc Conservation of s p e c t r urn cav,ty(,r,s coupl,ng) The same broadbanded 

was held to be of extreme ,mportanc:e due to half-wave antenna ,s employed for both re- 

the r e 

x-31 
2 

11, r e me n t s of RTCA subcommlttce ce~=n,g and transmlttmg 

Among the requrements la,d down The nterragator rece,ver ,s patterned 

by SC-31 was one prescnbmg that the 960 - after cnnvenkonal radar rece,vers The rc- 

1,215 Mc band must ultnnately be used as a ce,ved s,gnalnasses from the antenna through 

irequencymedun for the er,t,rp short-range a TR cavxty Th,s cav,tv ,s tuned to the ,n- 

nav,gat,“nsystem mcludmg DML, “mn,range, coming frequency and acts as a “reselect”= 

mstrument landmg, voice, and p,ctor,al dls- The signal ,s then m,xed w,th the output of 

Dl=Y the local o s c 111 at o r , a Type 2C46 cav,tv- 

A suec,i,cat,“n c”ver,ng a system hawng controlledl,ghthouse tr,ode A crystal m,xer 

the above channelmg charactenstlcs was pre- IS emnloyed The ,f produced ,s 60 Mc kx, 

pared by SC-40 Th,s s”ec,i,cat,on was pre- ,f stages are used w,th an “\er-all bandw,dth 

sented at the February 1949, meetmgs of the of 10 MC at 6 db down The ,i am”llf,er ,s 

International C,v,l Av,at,on Organ,zat,“n and followed by a detector and two v,dzo arnol,- 

approved as an ,nternat,“nal DME standard ilcatlon stages 

Product,“” equpment meet,ng the system re - At the same t,me the transm,tter ,s 

qurements outlmed by the SC -40 s”ec,f,cat,“n tnggered, the “oslt,ve square wavr from the 

IS expected to be available ,n 1950 

// 

master mult,v,brat”r IS apnlwd to the DUD- 

nressor gr,d of the lmear swee,, tube V-26 

A”nl,cat,on of t h, s square wave ,nlt,ates a 

The 

4RTCA P 

1,near decay of the “late voltage of V-26 

aper 76-48/DO-17. Report of clrcult employed to obta,n this decay, or 

SC-L2(Fkr1ng of l”cal,zer. glide slope, VHF lmear sweep, ,s a M,ller Run-down czrcu,, 

“mmrange, and DME frequencies), August 2, wh,ch ,s sxrnlar to the more fam,l,ar Phan- 

1948 
‘RTCA Paper 27-48/DO-12 Reporl of 

tastron clrcult When the voltage at the plate 

“i V-Lb has dropped t” 43 VYIL~, tne p,ca-off 

SC-31 (An 1 rafI,c Control), May 12. 1948 d,ode V-27B w,ll conduct current applrmg a 
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nrgat~ve wave-front to V-32, the tngg~r 

amphhr r The t,mc rrqmrtd for the ,,late 

voltage of v-26 to dror, to 40 volts dewnds 

“non the “late voltage en~tmg when the tube 

1s turned on by the master multlv,brator 

The hlghrr thP m,tml plate voltage, the longtr 

the decay “i- delay trnc The voltage on the 

“late of V-26 at the i ta r t of each swec” 1s 

controlled by the “late voltage of V-31, the 

se a r c h and trcicklr~ tube, through control 

d,ode V-27A Th,s diode 15 used to decowlr 

these twa plates when the voltage at the diode 

nlatr (V-26 “late voltage) falls below the 

voltage at Its cathodc (V-31 nlate voltagp) 
There are two phases of mterrogator 

uperatmn, a searchmg phase and a trackmg 

phase Whcnthe equpmentls first turned on, 
It 1s necessary to search I” tmne (dxtance) 

for the transponder reply During the 

srarchlng permd, the plate voltage of V-31 

increases slowlyfr”mappr”xlmiltely 50 to 200 

volts The totaltmne requredfor this valtage 

increase IS about 30 seconds In the mean- 

tune the linear sweep tube 1s pr”ducmg 200 

voltage sweeps per second, the lengths “fwh,cb 
are slowly mcreasmg as the plate voltage of 

v-31 Increases As the length of this lmear 

sweepmcreases, thedelay betweenthe trans- 

mltted pulse and the trxgger ap pile d to the 

tngger ampllfler IrLcreases also 

The dvlayed tngger, after ampllfm.tmn 

and ~nve r s I” n by the trigger ampllfxer, IS 

used to fire the wide gate generator, a “ne- 
shot multlwbrator The output of “ne plate 
of the wide gate generator 1s a 20 (~sec 

square pulse of approximately 150 volts 

amplitude This positive voltage pulse. or 
so-called wide gate, 1s applied to the grid of 

the If driver, acathode followerwhlch supplxs 

voltage to the If strip durmg the applxatlon 

of the wide gate to Its gnd The If strip 1s 

cut off at all other tnnes A negative output 

15 taken from the other plate of the wide gate 

generator and used to trigger rhe narrow gate 
generator The narrow gate generator V-21 
1s another one-?h”t multlvlbrator the output 

of w h I c h 1s a 10 ti set posltlve pulse of ap- 
proxmat~ly 150 volts amplitude This gate 
16 applied to rhe suppressor grld of the nar- 

row gate colncldence tube V-20 A reply 

slgnalfroma ground transpondoratthe proper 

frequency mull be acceptedby the mterrogator 

receiver and ~111 be pas se d through tne If 

strip provided that of arrives durmg the nme 

that the If plate voltage 1s turned on, 1 e. 

durmg the wide gatr An output IS taken ir”ni 

the ilrst v,d~o stage of the rece~vcr and ap- 

phed to th? control grid of the narrow gatr 
comcldrncp tube This means that, any s,g- 

nal a r r 1 v I n 8 dunng the period of thr wide 

gntp, ~111 reach th,s grld II th,s signal also 

falls wlthm the narr”w gate, a agnal output 

~“111 be p r e sent at the plate of V-20 ThP 

lpadmg edges of the wide and narrow gates 

are c”mcldent in tmne, and the comcldence 

tube ,s so d e s 1 g n e d that plate current ~111 

flow only when a p”s,t,ve signal 15 applied to 

both th? control and suppressor grids snnul- 

taneously The output of the comcldence tube 

IS Inverted by V-19 This output v/111 be I” 

pulse form and 1s Integrated through dmdr 

V-l 2B. the narrow gatp Integrator, developmu 

essentially adIrect voltage of p”sltlvP 

polanty 

The output of the second video stage 

(which contams a 11 s,gnals arr~vmg durmg 

applmxtlonof the w,dr gate) 15 also ,&grated, 

dewlopmg a direct voltage of neganve polar- 

,ty A single mtegratmg condenser 15 c”mn,“n 

to both the wide and narrow gate Integrators 

so that the two dlrpct voltages are effectively 

combmed The resultant voltage IS appllrd 

to the grid of the 5 e a r c h and trackmE tube 

and. by controllmg the platp voltage of tnat 

tube It also controls the plate voltage of thr 

lmear sweep tube. and consPqiiently, the de- 

lay trne between the transmitted pulse and 

the generation of the two gates If a signal 

1s “rlented in t,me so that the outputs of the 

wide and narrow gate mtegrators are equal, 

the resultant dxrect voltage change applxd to 

the gnd of V-31 1s zer” In this case there 

1s no c ban g e in the mute.1 plate >“ltage of 

V-26, in other words, the voltage from which 

the lmear s w e P p starts remains the same, 

and therefore there 15 n” change in the delay 

This condltlon w” uld exist for aircraft “r- 

bltmg a r ” u n d a ground statIon with a fmed 
radius If a* alrcrafr IS flymg amaa) from a 

ground stat,“” so that Its distance to that 

statlo” 1s ~ncreasmg, the signal returned to 

the arcraft by that statmn ,r,creas~_s in de- 

lay with respect t” the rnterrogatmg pulse 

This means that more of the s ~gnal \\,111 

appear in the wtde gate than ,n the narrow 

gate, and as a result, rhe output of the wtde 

gate ,oenerator wrll exceed the output “f the 
narrow gate generator When rh,s happens, 

a resultanr negative duecr voltage LS appl,ed 

to the grid of rhe search and track,ng tube 
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caus,ng its plate voltage and the plate voltage 

of the 1,near sweep tube to rise sunultaneously 

The t-e requred for the plate voltage of the 
lmear sweep tube to drop to 40 volts then IS 

mcreased as a result of this higher startmg 

voltage. The tr,gger,ng of the wide and nar- 

row gates also 1s delayed and both gates ef- 

fectlvelymove out ,n tnne wulth respect to the 

transmitted pulse. They ~111 continue to do 

so until the return signal agun 1s balanced 

between the two gates, and the n a r r o w and 

wide gate mtegrators have equal outputs In 

the case of an aIrcraft approaching the stat>“*, 
the opposite occurs The narrow gate Inte- 

grater output exceeds that of the wide gate, 

thereby applymg a poslt,ve voltage to the grid 

of V-31, u Ith a consequent decrease ,n the 

gate delays until the signal 1s agam bracketed 

between the two gates 

From the above, ,tmay be seen that the 

plate voltage of V-31 ,5 proportional to the 

distance between the arcraft and the ground 

station. Th,s voltage drives a cathode fol- 

lower, the plate current of wtnch operates a 

dc mllllameter calibrated duectly ,n statute 

XUlee 

The screen grid of the narrow gate co- 

lncldence tube 1s purposely unproperly by- 

passed. thereby pernuttmg an ampllfled “ut- 

put to be taken from the screen as long as a 

slgnalappears at the control grid Thus, any 

sugnal arr~wng dur I” g the trne of the wide 

gate. regardless of whether It also arrives 

durmg the tlm e of the narrow gate, ~111 be 
ampllfled fro,,, the control grid to the screen 

of tlus tube and ~111 a p pe d r as a negative 

pulse at the screen gr,d This pulse triggers 

the codmg multlwbrator V-16, the output of 

whxh IS mtegrated and applied to the grid of 

the codmg ampllfler V-l 5 as a negative direct 

voltage If this voltage 1s of sufflclent mag- 

rntude, It uull c:ut off the co d,ng ampllfler 

wh,ch 1s normall> conductr,g lnterruptl”” 

of plate current xv111 operate the code relay 

I” the plate c,rcut of the codmg amplli,er 

U hen th,s relay operates, the ground return 

of the search and trac!ang tube grid IS re- 

moved, the i-e b) mterruptmg the searchmg 

“perail”” The grid ,s now controlled entuely 

b, the direct voltage outputs of the w,de and 

narrow g a t e integrators Operation of the 
code relay also turns off the mdlcator Ilght, 

mdxatmg to the pilot that a signal ,s bang 

rece,vedmthe gates hhoula tlus signal fade, 

the code relayw,llagamclose, however, ~lnce 

the lock-l” relay ,s now self-holdmg, the 

search and tracking tube will rtmaln in the 

trac!ang condltlon This ,ntans that the dls- 
tance mdlcator meter u~lll cont,nrw to ,nd,cate 

the read,ng eulstrnt at the tune of the signal 
fade Whrnthe signal ogam 1s recclvpd. pro- 

vlded the fade IS not too long I” duration (15 

to 30 seconds), the lndlcator Ilght ~111 go out, 

and the trackmg clrcu,ts will contmur to fol- 

low the signal 
A pushbutton 1s provided on the control 

panel to ,n,tlate the searchmg “perat,“” De- 
p r e s 5, ng this button causes the ,nd,cator 

needle to dron to a zero rmlrs readmg. On 

release of the button, the needle ~111 com- 

mence s weep 1 n g slowly out to a 1 ZO-mile 

reading until ,t 15 stopped at the proper &s- 

tance by operatIonof the code relay, at which 

txne the trackmg c,rcults become effective 

Two d,stance ranges, 0 to 12 and 0 to 

120 mules, ma, be selected manually by the 

pIlot Since this 15 a su,gle channel DME. a 

spec~alrelease swltchis provldedm the event 

the pllotwshes to search for a second beacon 

beyond the d,stance at which the first beacon 

IS received 

By per~od~ally mterruptmg the beacon 

transnusslons ,n accordance with the Morse 

code, the mdrcator lvght on the control panel 

xv111 flash off and on, thus ldentlfylng the 
beacon from wh,ch the signals are bemg re- 

celved This, of co ur e. e , can be done only 

after a srgnal has been locked III the gates 
Fxg 2 1s a block diagram of the trans- 

pondor and ~111 be used to describe operation 

of that unit Signals at the proper frequency 
are rece,ved through a non-dlrectlonal broad- 

banded antenna array conslstmg of iour ver- 

tzcally stackedfullwave horizontal radiators 

These signals are then fed to the ,f ampllfler 

through a TR cawty and crystal mixer I” the 
samefash~on as in the interrogator receiver 

The ,f strip ,s ,dentlcal to that employed in the 

mterrogator w,th the except,“” that ,t ,s not 

gated After passing through the second dc- 

tector and one stage of video ampl,fxatlon, 

the signal pulses are used to trigger a one- 

shot pulse delay multlvlbrator The purpose 

of this de 1 a y 1s to perrmt recovery tnne of 

the mterrogator receiver and, to a 110~ for 

the tn,,e requlredfor the Interrogator trackmg 

c,rcuts to get started Tlus mtroduced de- 

lay, wInchIs constantfor all ,ncommg pulses, 

,s cancelled ,n the a,rcraft unit by proper 

ad,ustment of the ,ndlcat,ng clrcut 
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Three outputs are taken from the pklse 

delay multlv,brator One of these 1s fed to 

the c o 1 n c 1 de n c e tube, the output of wh,ch 

trlggcrs the blockmgasc~llator The blockmg 

oscillator output 15 used to fore the trans- 

mltteer throughthe driver and modulator The 

modulator, which cons 1 s t s of three 3DZlA 

tubes in parallel, produces a 1 or set output 

pulse. which 16 stepped up by a pulse trans- 

former in the plate clrcut and applied to the 

transmitter The transrmtter cons,sts of two 

2C42 llghthouie triodes connected ln parallel 

~na cawty-tuned c~rcut The rf output of the 

transmitter 1s uls-coupled to the common 

recel,mg and transmltrx,g antenna 

In order to 1m11t the duty cycle of the 

transmitter and to prevent retrlggermg by 

multIpath s,gnals, It 15 desirable to prevent 

too frequent flrmg of the transmitter This 

1s accomplished by means of the dead-tnne 

multlwbrator. A second output of the coin- 

cldence tube 1s applied to the dead-txne mul- 

tlvlbrator, trlggermg this tube, which in turn 

produces a 100 ,,sec pulse After ampllfxatlon 

and ~nverslon, thls pulsr 1s applwd back to 

the suppressor grid of the comcldence tube 
The polarity of the applied pulse IS negative 

and the comcldence tube ~111 not conduct as 

long as this pulse IS present at the suppressor 

grid Thus, s I g na 1 s applwd to the control 

gr,d, d u r 1 n g the tune of applxatmn of the 

dead-txne pulse, will not pass through the 

tube to modulate the transmitter 

A second output from the pulse delay 

multlvlbrator 1 s used to t r I g g e r the AOC 

(Automatw Overload Control) multIvIbrator, 

another one-shot multIvIbrator The output 

of this tube 1s Integrated and ap$ed through 

a co nt ro 1 dmde to the control gr,d of the 

fourth If stage After mtegratlon the d,rect 

voltage developed 1s negative I” polarity and 

has amagmtude deterrnmrd b> the number of 

pulses per second bemg rccrlved by the re- 

plier. When th>s value exceeds 6,OOOper 

second, the negative voltage applied to the 
lourth ,f grid causes the gain of the ,f strip 

to be reduced The effect of this reduction I” 

gam 1s. that only the 6,000 strongest mterro- 

gatmns w>ll r e s ul t in transponder repl,es 

The purpose of this clrcut 1s to act as ad- 

dltlonal hrmtat~on on the duty cycle of the 

replxer transm,tter 

A third output of the pulse delay multi- 
vibrator 1s used to o pe r a tc a headset for 

morntorlng the received s,gnal These same 

pulsesalsoare fed through a diode mtegrator 

to operate a p 11 o t lamp which ~111 mdlcate 

that the beacon 1s bemg trIggered when the 

light 1s on Sm,~lar clrcuts prorIde a v1sw.1 

lndlcatlon that the transponder 1s reul,mg 

Gap c o d 1 n g 1s aoplwd erternall, by a 

codemotor bv sutably arranged cams. which 

permdxallydxable the transmitter b> cuttmg 

off the blockmg oscillator 

DESCRIPTION OF EQUIPMENT 

PULSE MULTIPLEX DME 

The Hazeltme pulsemult~plexDME pro- 
“Ides, through use of 26 radio frequencxs 

and four double pulse codes, a total of 52 in- 

dependent operatmg channels It 1s obvious 
thatbycross-bandmg the 26 radmfrequenaes, 

a total of (13 Y 13) or 169 discreet frequent) 
pairs (anefrequencyfor mterrogatlon and the 

other for repl,) ma> be prowded Further- 

more. byusmg eachaf the I69 pairs with each 

of the four pulse codes, a total of (169 x 4) or 

676 discreet operatmg channels ma ’ be pro- 
vlde d However, It may be shown 2 that ex- 
tenslonof the pulse code and crossband tech- 

mques to this extent, t h o u g h achievable III 

theory, IS unworkable on a practical basis 

when large numbers o‘ alrcraft are requred 

tooperateincon,unct,onwltheachtranspondor 

of the system On the other hand, It ma, be 

shown that of e a c h channel be ldentlfled b> 

three parameters, VIZ , andinterrop,atmn fre- 

quency, a reply frequency, and a pulse code, 

and, If no two channels have more than one of 

these parameters u, common, a system capa- 

able of handlmg 100 alrcraft per transponder 

1s readllyach,evable under the worst possible 

traffic condltrons (100 arcraft operatmg wzth 

eachof the 50 transponders, and with all al=- 

craftwlthm lme of sight of all transponders) 

In order to meet the above requirement. the 

present pulse-multiplex DME s> stem must 

be lmuted to 52 channels 

The pulse width employed in present 

DME systems 1s 15 #set In th,s pulse- 

multiplex system, a pair of pulses are trans- 

m 1 t t e d as an mterrogatlon at a rate of 30 

6 Hazeltme Electronics Co~poratlon 

Report No. 2077W. “Results of Tests Pel- 

formed at Hazcltlnr on Pulsr-Multzplex Dls- 

tance Measurmg Equpmt~nt,” March 1948 



derrogatmns per second The spacxng be- 

tween the pulse pars may be 10, 15, 20, or 

25 psec The reply pulses from the trans- 

pondor may also have any of these four 

spacmgs The combr,atuxnof anmterrogatmn 

spacmg and a reply 5 pa clng 1s known as a 

mode” A total of four modes are employed, 

which are made up of the iollow~ng combl- 

natmns 

1nterrogatmn Reply 
Mode SpaWlg Sp?X1*g 

1 25 Jl5et 10 !J*ec 
2 20 psec 15 ps.ec 

3 15 llsec 20 flsec 

4 10 gsec 25 Jlsec 

In the case of the Interrogator trans- 

mltter, the pulses are generated by use of 

two soft-tube modulators, one of which ap- 

plies the first modulatmg pulse to the trans- 

mltter oscillator which canslsts of a pair of 

cawty-tuned 2C42 llghthouse tube s in par- 

allel A portmn of the i,rst modulator pulse 

1s de 1 aye d and used to trigger the second 

modulator w h 1 c h applies the second modu- 

latmg pulse to the same transmlttmg oscll- 

later The required spacmg between the two 

transmltted pulp e s 1s controlled by adjust- 
ment o i this d clay A block diagram of the 

interrogator 1s shown as Fig 3 

Amagnetostrlctlondelayllm ~~ernplayed 

to mtroduce the requred delay between the 

transmitted pulses. to code the transmlsslon. 

and the same type of delay line 1s employed 

I* the receiver decodmg clrcuts in order to 

determine whether a received signal 1s a de- 

sired or undesired signal 

The operatmn of the magnetostrlctmn 

delay line 1s based, as the name unplxs, on 

the magnetostrxtlve prxxlple Fig 4 1s a 

vlewof a typlcal magnetostrlctmn delay lme 

The device cons 1 s t s of a ribbon or tube of 

Fig 3 Block Diagram, Hazelt,ne DME Interrogator 
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Fig 4 Magnetostrlctmn Del&y Lme 

magnetostrlctlvematerlal (mckel has proven 

extremely effective) mountedat both ends and 

passmg through the center of several small 

COllS A pulse of current through one of these 

~011s produces a contractIon m the short 

portmn of ribbon llnked with It This con- 

tractmntravels along the 11ne at about 4 76 x 

105 cm per second, causing a change of per- 

meablllty 11, each sectmn of lme through wh,ch 

1t passes As this change of permeablllty 

passes through any other cool, the change in 

flux results m a change In current through 

that co11 This current change 1s ampllfled 

and serves as an accurately delayed pulse 

with respect to the pulse used to exc,te the 

mckel ribbon The spacing between the Input 

and output co11 s determmes the tome d?lay 

which 1s approximately 5 38 IISPC per Inch 

of separatmn 

Obvmusly the rf and 1f portlons of the 

receiver ~~11 accept all radio signals at the 

proper frequency, lncludlng those signals 
made upoi double pulses with Incorrect 

spacmg. The pulse-space discrrnmatmn, or 

drcodlng, 1s accomplished after the detectmn 

and video ampllflcatmn of the mcomlng slg- 

nal Fig 5 1s a simple diagram showmg how 

pulses of the proper spacmg are accepted 

and pulses of unproper spacmg rejected All 

mcommg signals are applied, after passmg 

through the receiver, directly to one grid of 

the comcldence tube, and lndlrectly. through 

Fig 5 Decoder Operation 
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a properly adJusted magnetostrlctlon de 1 a y 

lme to a second grid of the same colncldence 
tube Two suchcoIncIdence tubes are actually 

employed, the thl I‘ d grid of one being con- 

trolled by the narrow gate, and the third grid 

of the other by the wide gate. Thus, triple 

colncldence must be establlshed In each tube 

to produce anoutput, and the tubes serve use- 

ful functions In both the decodlng and the 

tracking processes 

The transmitter and receiver are tuned 

by remote selector switches to the desxed 

radio irequencles The actual frequency 
change 1s accomphshed by the rotatron of a 

detentdrumforeach of three cavltles (trans- 

mltter, local oscillator, and preselector). 

All three of these drums contain a row of 13 

pins, each of which controls the posItton of a 

master plunger In Its associated cavity when 

the drum 1s rotated, to permit that particular 

pin to contact the b a s e of the plunger. The 
posltlon of each drum 1s controlled by a 

selector switch on the pllot’s control box as 
shown In Fig. 6 The lo c al oscillator and 

preselector detent drums are geared together 

and controlled by a single switch The se- 
lector switches apply voltages to a servo- 

system which, InmatchIng the applied voltage, 

cause the detent drums to be rotated to the 

proper posltlon. 

SelectIonof the desired mode 1s accom- 

pllshedbya third selector switch on the con- 

trol box This switch. by me an s of relays, 

selects both an out put co11 for coding the 

transmitter and an output co11 for decodlng 

purposes A single delay lme 1s usedfor 

bothcodlng and decodlng This hne employes 

five ~011s ~nall, one for excltatlon of the 

rlbbon(elther by a portIon of the first trans- 

mltted pulse or by the reply signal) and four 

others spaced 10, 15, 20, and 25 bsec with 

respect to the excitation co11 Use of a single 

delay line for both coding and de co dl n g 1s 

made possible by an electronic switch syn- 

chronlzed with the transmitted pulse 

The Hazeltine e qu~pment employs a 

servo-driven ~nd~catlng instrument of the 

doublepolnter type This instrument, together 

with the remanning units comprlsmg the air- 

borne installation 15 illustrated In Fig 6 The 

shaft which drives the short pointer also 

drives a potentiometer, the center tap of which 

produces a voltage proportional to distance 

This voltage 1s balanced against an electronic 

range voltage generated wlthln the mterro- 

gatar proper (in a snnllar f a s hl o n to that 

previously described) by means of a servo- 

system, the output of which drives the In- 

dicatlng Instrument 

The de s 1 g n of the HazeltIne DME ap- 

proaches fully automatx operation in that the 

only functions to be performed by the pllot 

canslst of appllcatlon of power to the equip- 

ment, and selection of the proper aperatme 

Fig 6 Hazeltlne Interrogator 
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channel The search of the mterrogator 1s 

automatically mltlated and, when necessary, 

repeated The search t,me 1s approxnnately 

14 seconds The two-pomter mdlcator pre- 

cludes the necessity for a range-switch, and 

the multi-channel c ha r a c te r of the equip- 

ment permits the ellmmatmn of the release 

switch employed on the earlier model DME 

The Hazeltine Interrogator, lncludmg 

allaccessor~es e~ceptlnterconnectlng cables, 

weighs 55 l/2 lb. andmeasures 23 l/4 by 

lOl/Zbyl 1/4m 
The HazeltIne system. by virtue of the 

9.5 MC separationbetween radm frequencies, 

may be operated satlsfactorlly wlthout re- 

sortmg to high stablllty transmitters and re- 

ce1ver.s. In or de r that receivers properly 

accommodate transmitters having rather wide 

stablllty ranges, as well as compensate for 

frequency drift of the receiver local oscillator, 

they must have a broad-band characterlstlc 

The bandwidthof the receivers In the mterro- 

gators and the transponders IS approxnnately 

5 MC at 6 db down In order to prowde steep 

skirts for the r e c e Eve r response curve, a 

special clrcult, known as a spike ehmmator, 

1s employed A dj ace nt and near-adjacent 

frequency pulses wvlll result in a portmn of 

their spectrum passmg through the receiver 

Since the pulses xv111 be received on a nor- 

~..ally slopmg skirt, the high frequency com- 

ponents of the adjacent frequency pulses ~111 

be amplliled to a greater extent than the low 

frequency components The resultant pulse 

as It appears at the receiver output before 

spike elmxnatmn, ~111 be dlstorted and ~111 

appear as a pulse of the proper width, but 

with pronounced spikes at the leadmg and 

trallmg edges together with a relatively deep 

valley m the center By applymg the receiver 

output pulses directly to one grid of a tom- 

cadence tube, and mdlrectly, after a delay of 

approxlmatelyone-thlrdof the pulse width, to 

a second grid of the same comcldence tube, 

the spiked pulses are elxmnated Fig 7 ,I- 

lustrates the action of the spike suppressor 

clrcult It ~111 be observed that the prmclple 

employedIs the same as that employed by the 

decoder 
The pulse-multiplex DME transpandor, 

a block diagram of which 1s shown m Fig tl, 

mcorporates a crystal controlled transmitter 

and receiver This feature IS not required 

for operatmn m conJunction with broad-band 

axborne receivers, but ~111 operate satls- 

iactorlly WI t h them The transponder re- 

celver, though possessmg a closely controlled 

local oscillator frequency, is broadbanded In 

order to operate properly with low stablllty 

alrborne transmitters The transpondar re- 
celver IS essentially the same as the lnterro- 

gator receiver and IS also followed by a spike 

suppressor A portvan of the receiver output 

1s used to operate an automatic gem stablh- 

zatmnclrcult The gamls stablllzed by man- 

taming a constant level of random Norse 

Noise pulses from the r e c e I v e r trigger a 
multlvzbrator at a rate determmed by the 

noise level A dmde c o un t e r feeds a bias 
voltage back to the If strip, which mcreases 

or decreases the receiver gain In order to 

mamtam the pre-set noise level 

The transponder receiver also contams 

an echo suppressmn clrcult, the purpose of 

which 1s to prevent multi-path (echo) pulses 

from combmmg with dl r e c t path pulses to 

form a proper code. Fig 9 illustrates how 
such echo pulses might lead to needless In- 

terrogatlon of a transponder It may be 

pomtedout thattranspondor A of Fig 9, even 

though Interrogated, w 111 not reply with the 

proper frequency or spacmg to be received 

by the alrcrnit receiver and decoder, however 

It has been needlessly Interrogated, thus m- 

creasmg Its duty cycle and mcreasmg the 

probablllty that some arcraft seekmg replles 

from transponder A ~111 s uif e r Increased 

count-dawn(ratm of replles to lnterrogatmns) 

In practically all cases, as shown In Fig 9, 

the echo pulses ~111 arrive at the transponder 

with appreciably less amplitude than the de- 

slred pulses The first pulse of a received 

par causes the echo suppressmn clrcult to 

reduce the gain of a video stage to a level 

determmed by the amplitude of the first pulse 

Consequently, If the second pulse IS smallw~th 

respect to the first, It ml11 not pass beyond 

this stage and ~111 never reach the decoder 

Incommg s 1 g na 1 s which successfully 

pass through the echo suppressmn and spike 

ellmmator clrcults are, aft e r sultable am- 

pllflcatmn, a p p 1 I e d to the Input co11 of the 

decoder Pulse pairs of the proper spacmg 

result m a trigger pulse at the plate of the 

comcldence tube This pulse 1s. usedto trigger 

the dead-time multlwbrator One purpose of 

the dead-time permd 1s to prevent re-trig- 

germg of the transponder by multlpath pulse 

pairs followmg legitimate pulse pairs The 

need far this type of echo elwnmatmn should 
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Fig 7 Sptke Suppressor Actxon 

not be c o nf u s e d with the need for the echo 

suppresslo” c,rcu,t The echo suppression 

c,rcu,ts prewously dl s c u s se d prevent the 

formatmnof a proper pulse code due to com- 

blnatmns of dxectly received, and delayed 

(multlpath) pulse pars Obviously, If the de- 

lay Introduced by the multlpath exceeds the 

pulse spacing. the direct path pulse par will 

be followed by one or more multIpath pairs, 

dependmg upon the particular ate, all havmg 

the proper spacmg S,nce there IS no Inter- 

lacmg of the direct and reflected pulse pairs, 

the echo elmunator cucutwlllnotbe effective 

1” such cases HOWeVer, the dead-tune 
multlvibrator, by applymg a cut-off pulse to 

a precedmg ampllfler prevents another trig- 

ger pulse from reachmg the multav&brator 

until explratmn of the dead-tune The dead- 

time pulse serves two addItIona functions 

(1) to ass1st1n preventing over-l"terrogatlo" 

of the transponder, and (2) to prevent pulses 

transmitted by the transponder from retrIg- 

germg It (rmg-around) by pick-up at some 

pant beyond the decodmg process The out- 
put of the dead-time multlvlbrator, after wave 

shaping, 1s applxd to the code r delay lme. 

This lme contams three cools, one excltatmn 
co11 and two output ~011s The s pa c in g be- 

tweenthe two output ~011s 15 equal to the reply 

spacmg of the transponder The spacmg be- 

tween the mput and second output co11 1s equal 

to 75 psec,and IS knownas the artlflclal de- 

layofthe transponder Alltranspandors with- 

I” the system necessarily must employ the 

same artlflcial delay trme, since all alrcraft 

umts are designed to subtract this time from 



14 

F,g 8 Hazeltme Transponder. Block D,agram 

that actually m e a s u r e d for the round trip 

pulse path from air to ground and return In 

a pulse multiplex system, the tune measured 

by the Interrogator 1s the tune elapsed be- 

tweentransmlssmnof the secondmterrogatm 

pulse and the arrival of the second reply 

pulse at the mterrogator This IS necessary 

since neither decoder (transponder or mterrc- 
gator) recogmzes that a proper slgnal has 

beenrecelveduntll comcldence 1s establIshed 

The comcldence pulse , see Fig 5, always 

occurs at the time of the second pulse of a 

pulse pair 

The two output pulses from the delay 

lme are of the order of one volt I” amplitude 

(due to high delay lme insertmn loss), and 

followmg necessary ampllfxatmn are used to 

t r 1 g g e i- a blockmg osclllatov, the output of 



“,A PATH, ---_--___- 

Fig 9 Needless Interrogation of Wrong Transponder 
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which IS fed to a 3329 driver tube The mod- 

ulator proper consists of three 3E29 tubes ln 

parallel The use of hard-tube modulators of 

this type, havmg a. rapid recovery time char- 

acterlstlc. make s It possible to employ the 

same modulator for both pulses of the pulse 

pair, as opposed to the two modulators em- 

ployed m the alrcraft transmitter 

The rf oscillator is a Type 3C37 cavity 

controlled lighthouse tube. The peak power 

o u t p ut of the transmitter IS approximately 

5 kw As prevmusly po ,n te d out, both the 

local oscillator and the transmitter frequencies 

are crystal controlled to a stablllty of about 

iZOO kc for the transmitter, and -t50 kc for 

the local oscillator The crystal control 1s 

ererclsed through means of an aft system 

and 1s not direct. The output of a crystal 

multlpller cha,,, 1s compared wxth the fre- 

quency to be controlled, and a standard beat 

frequency 1s mamtamed be tw e en them A 

frequencydlscrlmmator controls the operatIm 

of a mechanical cavity-tuning arrangement 

m accordance with the beat frequency which 

is applied to the discrimmator The antenna 

employed 1s a 4 h vertxally stacked a r ray. 

matched to a 50-ohm lme. This antenna 1s 

shown 1nFl.g 10 Fig 11 1s a view of the 

Hazeltine transponder 

I IARROW -BAND DME 

The 51-channel DME built by Federal 

TelecammunlcatlonLaborntorles is commons 

referred to as c. narrow-band. high stablllty 

type as compared with the Hazeltme version 

which employs wide-band receivers, and rel- 

atlvely 1 o w frequency stablhtles 1” the m- 

terrogator The high stabllitycharacteristxs 

of the Federal system permit close spacmg 

of the rf channels employed The spacmg 

between channels IS 2 4 MC. with 51 mterra- 

gatmn frequenaes located in the lower half, 

and 51 replyfrequencles located m the upper 

half of the 960 - 1,215 MC band Smce no I”- 

dlvidual frequency appears I” more than one 

channel, double pulse transmlsslons are not 

required for channel d,scr,mmatmn, and 

consequently the system employs smgle-pulse 

transmlsslons throughout 

The distance measuring prmclples of 

this equlpmentare ldentlcal with those of the 

pulsemultlplexequlpmentandwlth the earller 

types of DME The chiefdlfferences between 

the Hazeltine and Federalequipments are the 

following 

Fig 10 Hazeltme Transponder Antenna 

1 Automatic frequency control of the 

transmitter and local oscillator m the 

narrow-band system 

2 Method of measuring the txne Interval 

equivalent to distance 
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Fig 11 Hazeltme Transponder 

termmmg crystals,mountedaboutthe periph- 

ery of a rotatable turret, shown I” Fig 13 

The frequencies of these crystals range from 

42 to 47 MC The position of the crystal tur- 

ret determmes which one of the 51 crystals 

wlllbe aperatlve ona particular channel The 
output of a crystal mult,plymg cham 1s used 

as the local oscillator signal for reception, 

and produces a 63 5 MC 1f when mlxed with 

an mcommg signal of the proper frequency 

The energy from the crystal multlpller aut- 
put also IS mlxedwlth a portmn of the trans- 

mitter output to produce a beat frequency of 

62 Mcwhen the transmitter IS exactly on fre- 

quency After ampllficatmn through a broad- 

bandaic If amplifmr the beat signal 1s applied 

to a frequency dlscrnnmator with a 62 0 MC 

crossover point. The output of the dlscnml- 

nator controls the dlrectmn of rotatmn of a 

motor which positmns the tuning plunger in 

the transmitter cavity in the proper dIrection 

to c Orn p e n 5 a t e for transmitter frequency 
shift Thus, it may be s e en that control of 

the local asclllator IS by conventional direct 

crystal control but, the stablllty of the trans- 

m 1 t t e r oscillator IS accomplished by com- 

parlson with a standard frequency and cor- 

rectmnthroughmeansof aft The non-avall- 

ablllty of a sultable pow e r ampllfler at the 

frequencies employed has thus far prevented 

the use of direct cry s t a 1 control for DME 

transmitters. Since a single crystal per 

channel 1s employed as a reierence standard 

for both the local oscillator and the trans- 

The aircraft Interrogator, Fig 12, con- mltter aft, It 1s obvmus that a constant d,f- 

tarns a total of 51 drfferent frequency de- ference must exlat between the mterrogatmn 

Fig 12 Federal Interrogator 
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F,g. 13 Crystal Turret 

and reply frequencies on each channel This 

dlfference 1s 125 5 MC, and 1s the sum of the 

aft mtermedlate frequency and the receiver 

Intermediate frequency 

The output of the receiver converter IS 

applwd to the Input of the 63 5 MC If ampllfler 

This ampllf,er IS stagger-tuned to prowde a 

5 Mcbandpass At the output of the 1f am- 

pllf,er, a s pe clal double dlscrunmator 1s 

employed to elrnmate adIntent-channel mter- 

ference. This dlscrrnmator operates I., such 

a manner that pulse spectra which are sym- 

metrical with the If bandpass appear at the 

d, s c I‘ lmlnato r output as posltlve pulses 

Spectra which are asymmetrical with respect 
to the ,f bandpass appear as negative pulses 

Negative pulses are reJected by succeedmg 

video clrcults This clrcult 1s commonly re- 

ferred to as the McKmley dlscrunmator From 
the above descrlptw,, It IS obvious that rf 

pulses x, the ad,acent channel, even though 

theymaybe conslderably greater m amphtude 

than pulses at the desired frequency, ~111 not 

pass Into the v,deo c,rc”lts of the receiver 

The o r d e r of re,ectmn to adJacent channel 

pulses ,s about 100 db One disadvantage of 
th,s czcult, thoughnot a serious one for DME’ 

purposes, ~sthat receptmnof strong adlacent 

channel s I g na 1 s prevents the srnultaneous 

receptmn of p IO p e r-frequency signals In 

other words. the utllltyof the clrcult depends 

on a difference in time relatlonahlp, or the 

tnne of arrival, of wanted and unwanted pulses 

For this reason the clrcult would not be ef- 

fectlve for ad,acent channel re,ectmn in the 

case of cw signals In terms of the effective 

r e c e 1% e r bandwldths, the McKmley clrcult 

provides exceedmgly steep skirts, with max- 

rn~rn I-'SJeCtlOn at the adjacent channel fre- 

quenaes. 
The Federal axrborne receiver ~ncor- 

porates an automatic gam c 0 n t 10 1 c1rcmt. 

operatmg on the strengthof the received signal 

Conventmnal age of this type 1s not usable 1” 

a pulse multiplex system due to the fact that 

more than one channel 1s transmltted on a 

smgle frequency In many cases the desired 

channel may be many decibels below some 

undesired channel on the same frequency, 

radra-frequencv-wise Where age 1s required 
in such a system, It 1s possible to operate on 

the signal after It has been found and IS bemg 

tracked This 1s knownas ‘gated” or “strobed” 

*kc= 
In order to determme and contmuously 

mdlcate the distance (the purpose of search 

and trackmg), the narrow-band Interrogator 

also employs a pair of gates In thxs system 

they are generallyreferred to BS the “early” 

and “late” gates r a the r than the “narrow” 

and “wide” gates as ,n the p u 1 s e multiplex 

system The method of range measurement 

and mdxcatmn 1s Illustrated by a block dla- 

gram, Fig 14 V-21 2 1s a 9 315 kc resistance 

stablllzed oscillator which controls all 
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functmns The sine wave output of this oscll- 

later 1s applied to the thyratran V-21 3, whxh 

produces posltlve trigger pulses atlts cathode 

each time the applied sine wave at its grid 

goes positive These trigger pulses are ap- 

plwd to the control grldof a second thyratro” 

V-214 This tube IS effectively a comcldence 

tube I” that It will not fire unle s s posltlve 
signals are sxnultaneously applxd to Its con- 

trol and shield grids Permdlc evcxtatlo” to 

the shield grid 1s furnIshed by the master 

multlvlbrator V-215 The pe r lad of oscll- 

latmn of this multlvlbrator 1s 30 cps dur,“g 

tracking and 150 cps during searching The 

posltlve pulse, or gate, delivered to the thy- 

ratron shield grid by the multlvlbrator must 
have a duratmnexceedmg the period between 

two trigger pulses to ,“sure comadence with 

at least one of them Thus, sometime during 

the permd that each posltwe pulse from the 

multlvlbrator 1s applied to the shield grid, a 

trigger pulse from V-213 ~111 appear at the 

control grid of V-214 S h o ul d comcldence 

occur twice, the thyratron recovery txne does 

not allow a second output pulse Durmg the 
resultant Interval of comcldence, a pos,t,ve 

pulse appears at the cathode of V-214. This 

p u 1 s e IS employed to trxgger the modulator 
andalsothePhantastro”employed~“the 

range-measuring circuits The advantage of 

t hl s seemingly roundabout method of flrmg 

the transrmtter ~111 become apparent as the 

method of range determlnatlo” IS dlscussed 

Use of this multlvlbrator for selecting the 30 

or 150 trigger pulses per second from the 

total of 9,315 per second, m,“~m~zes the 

poss~blllty that any of the var,ous alrcraft 

operatmg wlthm the system will synchronously 

Interrogate with respect to each other Such 

a condltmn could result 1” one alrcraft suf- 

fermg severe count-down as a result of Its 

lnterrogatlons arrlvmg for extended permds 

of time, dur 1” g the transponder dead-txne 

mitiated by a second aircraft Precise syn- 
chronlzatlon of the mterrogations of two or 

more a 1 r c r af t can also result 1” rangmg 

errors as a result of one alrcraft repeatedly 

receiving replles mltlated by same other 

interrogator s I” c e no particular effort 1s 
made to accurately control the multlvlbratar 

repetltlonrate, allalrcrafteffectlvelylnterrrr 

gate at random with respect to each other 

The 9 315 kc sine wave from the oscll- 

later IS also introduced to a two-phase pre- 

ClSlO” gonmmeter Exact phase spllttmg 1s 

achieved by means of a condenser and re- 

slstor I” se r me s with one wmdlng As the 

rotor of the gonmmeter 1s turned, the phase of 

the Induced voltagevaries linearly, by virtue 

of which lmearlty a high degree of range and 

rate accuracy may be obtalned The induced 

sme w&ye IS ampllfled by V-2IgB and used to 

f 1 r e thyratra” V-21 9 Obvmusly the output 

pulses from V-219 ~111 be delayed with re- 

spect to those from V-213 by the amount of 

phase shift ~“troduced by the gonmmeter 

The output trigger pulses from V-219, here- 

after referredtoas range pulses, are applied 

to the control grid of colncldence thyratro” 

v-220 

The undelayed trigger pulse which fires 
the modulator IS also applied to Phantastron 

V-216 and mltlates a linear voltage decay at 

the plate of this tube This decay continues 

until the voltage at the plate equals a direct 

voltage applied, through control dmde V-21 7B, 

from a potentmmeter geared to the gonmmeter 

The gear ratio employed IS 12 1, the paten- 

tmmeter rotatmg once for every 12 rotatmns 

of the gonmmeter When the plate voltage of 

the Dhantastron equals the c o n t r o 1 voltage 

from the potentiometer, a delayed trigger 

pulse, hereafter referred to as the selector 

pulse, IS generated by the trigger amphfler 

V-218A, and applied to the shield grad of co- 

mcidence thyratro” V-220 Since the delay 
of the range pulse and the delay of the selec- 

tor pulse are both controlled by rotatlo” of 

the gonmmeter shaft, the selector pulse IS 

capable of trackmg a range pulse from zero 

to maxlm”m range 

It 1s apparent that the range accuracy of 

the system 1s dependent on the highly stable 
sme wave oscillator rather than on the lone- 

arltyof the Phantastronclrcut and the shaft- 

drivenpotentmmeter These latter two corn- 

ponents serve only to select the proper range 

pulse, whereas the range pulse Itself deter- 

mmes the actual tnne of fxlng of the coin- 

cadence thyratron V-220. Reference to 

Fig. 15, which shows the various waveforms 

and t lm e sequences involved I” the ranging 

clrcults, ~111 illustrate this point The dura- 

tlon of the selector pulse IS long with respect 

to the d u I a t 1 on of the range pulse, but ,ts 

duratmn IS “ecessarlly less than the permd 

between range pulses 

When colncldence IS establIshed m 

V-220, the tube produces an 8 psec posltlve 

pulse (the early gate) which 1s applied to the 
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Fig 15 Range Clrcult Ttmmg Sequences 

Federal Interrogator 

screen grid of V-211, the early gate corn-- 

c,dence tube, makIng that tube conductive II, 

the addItIona presence of a reply signal from 

the receiver at its control grid The tralmg 

edge of the early gate, with polarity mverslon. 

IS used to trigger V-221, the late gate gen- 

erator, V-221 also delivers an 8 ~sec pulse 

which 1s used to turn on V-210, the late gate 

comcldence tube The receiver output 1s also 

connected to the control grid of V-210 The 

outputs of these two tubes are dlfferentlally 

rectlfled through V-2C8 and V-209, the out- 

puts of which are combined and Integrated by 

C-210 The voltage on C-210 determmes the 

plate voltage of V-204, the velocity tube, 

which operates the trackmg m o to r through 

motor control tube V-203 The trackmg motor 

m turn drives the gonlometer The tracking 

motor 1 s a special shunt motor deslgned to 

be operated below the breakdown pant of Its 

field current versus speed curve In this 

way, the fleldcurrent required to control the 
speed IS low enough to be supphed directly 

fromthe plate of avacuum tube. Furthermore, 

thr speed 1s r o u g h 1 y proportional to field 

current, so that the 5 peed may be taken 

smoothly from one direction through zero to 

the other dlrectmn Reversal of rotation re- 

qulres a reversal of field flux, whIchis 

ach,evedbymeans of anauxlllaryfleldw,nd,ng 

of constant flux which o p p o s e s the control 

field flux 
Servo feed-back IS provided by aperma- 

nent magnet tachometer geared to the gonr- 

ometer shait The tachometer output IS am- 

pllfledand supphes a negative feed-back slg- 

nal for the primary servo-loop 

The voltage output from the tachometer 

varies lmearly with speed, and accordingly 

IS an accurate measure of the rate of change 

of distance A zero-center dc voltmeter 1s 

employed ta present this rate InformatIon to 

the p11ot Because of the inherent jitter of 

the reply pulses mthe tracking gates, chiefly 

due to propagation characterlstlcs, a large 
amount of mtegratlon IS required I” the rate 

lndxatmg system This mtegratlon 1s sup- 

plied by means of submerging the meter 

movement ln a silicone fluld 

The predlctlon control cham shown at 

the bottom of the block diagram of Fig 14 

makes 1 t possxble for the mdlcator to con- 

tinue to display distance and rate mformatlon 

when the reply slgnal 1s lost, up to a limit of 

approximately 3 set Durmg trackmg, 

V-207A IS cut-off by a negative slgnal from 

the surnrectlfxer Upon disappearance of the 

sIgnal, this tube rapidly becomes conductive, 

which m turn causes V-205A to become con- 

ductlve The conductlon of V-205A cuts off 

relay tube V-205B. releasmg Its plate cir- 

cuit relay. Release of this relay causes the 
plate potential of V-204 to be switched to the 

average value of the velocity voltage, which 

IS provided by a memory condenser that hers 

been charged to this potential durmg the pre- 

cedmg interval of tracking 

There exxsts some question regarding 

the value of rate memo r y with respect to 

simple distance memory The assumption IS 

made mthe case of rate memory that the .?a=- 

craft ~111 contmue on the same course and 

at the same rate durmg the memory, or pre- 

dlctxonperlod Inmany cases, disappearance 
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of the reply s 1 g n a 1 1s due to bankmg of the 

amcraft, which IS usually accompanied by a 

change III course and an accompanymg change 

In rate 

The opera&m of the rangmg clrcuts 

has been described ,n terms of the trackmg 

function. Durmg search, the trackmg motor 

~sde-energ~zedanda dlfferentmlly connected 

search motor IS e ne r g I z e d by 28 volts dc 
through operatmn of a relay XI the plate CL=- 

cut of the search tube V-201 The search 

tube 1s nonconductmg durmg trackmg and the 

relay 1s de-energmed When g a t e d replies 

no longer appear at the gate rectlflers, the 

trackmg tube 1s cut-off rapldly by a negative 

charge built uponC-210 8s the result of a 

3 #amp bleeder current which flows at all 
trnes Durmg trackmg, the gate rectlfwrs 

compensate for this current by slightly m~s- 

allgn.ng themselves about the gated signal 

When the t r a c kl n g tube 1s cut-off, Its high 

plate voltage applxd to the grid of the search 

tube, causes the latter to conduct The speed 

of the search motor 15 such that a distance of 

115 statute ir>maybesearchedin7 

seconds The pIlot’s mdlcator 15, of course, 

driven by the same gear tram which drives 

the gonmmeter durmg both searchand trackmg, 

During the searchpermd. the repetltmn 

rate of the trammutter 1s Increasedto 150 pps 

This in c + e a s e in pulse rate increases the 

ratm of wanted to unwanted replies (repluzs 

to other amrait), and thus permts the faster 

search tune 
The F e d e I‘ a 1 transponder 1s shown III 

FLY lb This umt, like the mterrogator, em- 

ploys crystal control throughout Smce the 

necess,tyfor conservatxon ai space and 

weight 1s not as strmgentm the case of ground 
equpment, separate c r y s t a 1 s are used for 

controllmg the transmitter sic and the local 

oscillator of the receiver The crystals em- 

ployed III the transmitter aft have a natural 

frequency of the order of 20 Mc After fre- 

quency multlpllcatmn, the third harmomc of 

the crystal-controlled output 1s heterodyned 

agamst a portmn of the transmitted rf energy 

The resultant beat frequency 1s 30 Mc, with 

the crystal-generated i r e q ue n c y bang the 
lower of the heterodyned irequencws After 
three s ta g e s of ampllfxatmn by a 30 MC If 

ampllfler, the beat signal IS applied to a fre- 

quency d~scrmmnator The resonant clrcuts 

of this dlscrmunator cons 1 s t of two brass 

coaxml lmes, each of w hl c h 1s tuned at Its 

F,g lb Federal Transponder and Antenna 

open end bya comblnatlonoi flxed capacitors 

and a trunmer capacitor If the beatfrequency 

1s above 30 Mc, the dlscrxnmator produces 

a p o s I t I v e pulse output. pi below 30 MC, It 

produces a negative pulse output After am- 

pllilcatxm, this pulse 1s applied to a phase 

splitter, the output of which fires one of two 

thyratrons T he phase splitter 1s a trmde, 

the output of whxh IS applxed to one thyratron 

and the cathode output of which 1s applied to 

the second thyratron Smce the polarity of 

the signals ~111 be opposite, only one thyratron 

~111 fire for a dlscrurunator output pulse of 

a given polarity Neither tube ~111 fire when 

the transmitter 1s operating at Its asslgned 
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frequency F,r,“g of e,ther thyratro” com- 

pletes a c,rcu,t to the t r a” s m L t t e r tunmg 

motorwhIch causes it to rotate L” the proper 

d,rect,o” to correct the frequency shtft 

The transponder rece,ver differs from 
the a,rbor”e rece,ver I” that a 30 Mc ,f am- 

pllf,ed IS employed L” the former The trans- 

pondor recetver us followed by a McKmley 

dlscr,m,“ator for re~ect,o” of adjacent chan- 

nel mte**0gatm*s 

I” order to ohtal” the artlf,c,al delay 

r e q u I r e d I” a DME system. a Phantastro” 

c,rcuit IS used The delay inserted 1s ap- 

proxmately 40 u set Less art,f,clal delay 

1s requred I” smgle pulse systems than I” 
pulse mult,plex systems s I” c e the spacing 

between the two replypulses must necessarily 

form a portlo” of the delay 

In order to p r o v, d e a relat,vely hrgh 

duty cycle rf srgnal for aLrbor”e rece,ver 

age purposes, and to malnta,” a constant 

transmttter outputdutycycle at all tr”es, the 

transponder f I r e s contmuously at the rate 

wh,chwould be demanded by 50 mterrogatmg 

a,rcraft Th,s constant duty cycle mode of 

o p e r at I on 1s helpful ,n stab,l,zatmn of the 

transm,tter aft, permits use of signal bms 

nrcu,ts and has anumber of lesser advantages 

Th,s feature IS achteved by operatmg the re- 
cetver, m the absence of I”terrogat,o”s, at a 

suffxrently high gal” level to cause random 

“o~se pulses to tr,gger the transmitter at a 

rate of approximately 1,500 pps As Interro- 

gatlons are received, the rece over gal” 1s 

automatically reduced to the pomt where the 

sumofthe ,“terrogatm”pulses andthe random 

no,se pulses LS equal to 1, 500 per second In 

otherwords. the greater the number of leglt- 
mnate repl,es to a,rcraft mterrogattons, the 

less the number of mternally generated ran- 

dom replres A balance of rece,ver gal” about 

the level requred ,s accomplished by ,“te- 

gratmg the reply tr,gger pulses, and. when 

the Integrated voltage exceeds a certa,” value, 

corresponding to a” excess of 1, 500 repl,es, 

reducmg the receiver gal” through a dc am- 

pl,f,er 

Ide”tlfwat,o” codmg. as provtded by the 

Federal transponder, erhtblts Its e If 1” the 

atrcraft as gap cod,“g, however, the ground 

t r a” s m, t t e r is “ever actually turned off 

Instead, the receiver local oscillator 1s dls- 

abled. dur,ngwh,cht,me no synchronized re- 

plies are returned to mterrogatmg alrcraft 

The antenna, presently bemg furnIshed 

with the Federal tra”spo”dor, 15 a stacked 

array of none d,sco”es Each d,sco”e has a” 

almost unl,m,ted bandwIdth above 900 Mc , 

but the combmatron has a low standmg wave 

ratLoon?ythroughoutthe 960 - 1,215 Mc band 
Th,s antenna IS show” I” F,g 16 

TESTS 

RANGEACCURACY 

The d,sta”ce t”d,cat,“g accuracy of a 

pulse-type d,sta”ce measur,“g system 1s de- 

pendent upon the followmg factors 

1 Accuracyof the approprLate tune 

Interval measurement, and convers LO” 

of thts measurement Into a” ,“d,catlo” 

of dtstance 

2 Accuracy of the art,frctal delay Intro- 

duced by the transponder 

3 Propagat,on 

4 Accuracy to wh,ch the ,“d,catLo” may 

be read 1” the aircraft 

5 Altttude of the aIrcraft 

By far the most r”porta”t of these IS ,tem 

1 F,g 17 1s a” error curve character,st,c 

of the Hazelt,“e type aIrborne tnterrogator 

and F,g 18 1s a s,m~lar curve for the Federal 

equ,pment These curves Include only those 

errors introduced by the arrborne u”,t The 

spec,f,cat,o” to whxh these equpments were 

bu,lt contaIned a” accuracy requwement of 

plus or m,“us threeper cent or plus or m,nus 

one-half m,le, whIchever 1s the greater In- 

spect,o” of the curves reveals that the Federal 

mterrogator 1s well wtthm these l,mits, thus 

allowng for more than adequate tolerance m 

the other accuracy determmmg factors The 

error curve for the H a z e 1 t I” e equpment, 

F,g 17, ,“d,cates thatessent,ally zero toler- 

ance 1s avaIlable for other error sources It 

should be p o , n t e d out that the accuracy of 

d 1 s t a” c e measurement IS not s~gnrf~cantly 

related to a particular type of system. 1 e , 

narrow-band or pulse-mult,plex EXalTI,- 

natmn of the clrcutts employed 1” the Hazel- 

t,“e equpmentfor distance measurement and 

,“d LC at lo” reveals that the electronically 

created r a” ge voltage the dc voltage pro- 

portional to d 1 s t a” c e 1s extremely lmear 

(well w,thm one per cent) and, that the ma,or 

portmn of the errors show” m the cnrve of 

Fig 17 are mtroduced by the servo-system 

whxh dr,ves the mdlcator It 1s reasonable 
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Fig 17 Error Curve, Hazeltme DME 
Interrogator 

are of sufflclent size so that they can be read 

accuratelyto 0 1 mile (by mterpolatmn I” the 

case of the Federal equpment) at a normal 

pllot-to-lndxator separation There 1s little 

to be gamed by callbratmnat smaller Intervals, 

as 0 2 mile appears to be adequate and the 

present state of the art does not perm,t more 

accurate measurement of the time mterval 

It should be remembered that the dls- 

tance measured by DME 1s the straight-lme, 

or slope lme distance, and not the horuontal 

distance Thus. an arcraft flying at 10,000 

Fig 18 Error Curve, Federal DME Interrogator 

that follow-up clrcults can be made to faith- 

fully reproduce the 11 n e a r 1 ty of the range 

voltage 

With respect to the accuracy of the 

artlflclal delay, mdlcatlons are that the Hazel- 

tine method of provldlng this delay by means 

of amagnetostrlctlonllne 1s probably preier- 

able The magnetostrlctlo” lme 1s a passive 

device and varies mslgnlflcantly with the 

temperature andvoltag varlatlors encountered 
at the ground statlo” Accuracy of the 

Phantastron de 1 a y prowded by the Federal 

transponder 1s dependent upon the stablllty 

of a number of clrcut components In actual 

operatron, the stablllty of the Phantastro” 

delay is of sufflclentorder to provide the de- 

slred over-all distance measurmg accuracy 

Errors due to propagation, causmg 
“Jitter” of the r e p 1 y pulses m the distance 

measurmg gates, 1s of the order of 100 feet 

and may be Ignored 

The Federal Interrogator 1s provided 

with a” mdlcator on which the smallest d,s- 
tance callbratlon 1s 0 2 mile, wh e r e a s the 

smallest calibrated mcrement on the Hazel- 

tine equipment 1s 0 1 m& Both Instruments 

feet dlrectlyabove the transponder would I”- 

dlc ate approximately two-miles distance. 

This e r r o I becomes lncreasmgly small as 

the alrcraft flies further from the statlo” 

At a slope-lme dls t ante of five m&s, the 

horzantal distance IS 4 6 miles Fig 19 1s 

a g rap h showing the relation between slant 

and horuontaldlstance for various altitudes 

RANGE CAPABILITY 

The range capabIlIty of a distance meas- 

urmg system IS dependent upon a number of 

factors, chxf among which are 

1 Transmitter Power 

2 Receiver Sensltlvlty 

3 Antenna Gun 

4 Antenna radxatmn patter” (arcraft 

and ground) 

5 Alrcraft attxtude 

0” the basis of theoretIca evaluation alone, 

It may be shown that the free-space range of 

a distance measurmg system havmg the char- 

acterlstlcs of p r e s en t equpment, 1s of the 

order of 600 miles This statement assumes 

proper adjustment and operatlo” of the system 

and Ignores two very Important factors 
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1 Antenna pattern nulls due to the mter- 

ference of direct and reflected energy, 

and 

2 Shadowmg of the alrcraft antenna due to 

aircraft attitude 

Quantltatlve data regardmg the magmtude of 

r an g e capability deterloratmn due to these 

factors IS presently bemg obtalned Fig 20 

shows the actual antenna pattern obtamed at 

a typlcal DME mstallatlon The data for this 

pattern were ohtamedwltha constant alrcraft 
attitude, and do not , n c 1 u d e fluctuatums of 

slgnal strength due to aircraft cllmbmg and 
bankmg A study of this pattern and extra- 
polatlon to 100 miles reveals that sufflclent 

signal strength ~savalable wlthm the cover- 

age range of 100 miles above lme-of-sight to 

properly operate the system, even through 

the deepest nulls Prellmlnary investigation 

of slgnal iluctuatxons due to alrcraft attitude 

mdlcates that the magnitude of the se V&TX- 

atmns presents a far more serious problem 

than the presence of the ground nulls m the 

antenna pattern Durmg a standard rate 360’ 

turn (approximately 15’bank) the signal 

strength varlatlon I” mlcrovolts at the re- 

celver was 25 db 

CODERS AND DECODERS 

Fig 21 IS an acceptance curve of a 
typlcal decoder employmg a magnetostrlctlon 

delay lme This graph shows receiver sense- 

tlvlty versus rf pulse spacing applied at the 

receiver termmals. Tests have shown that 

a varlatlan of *15 v. In line voltage results 

m the acceptance bandwidth of the decoder 

changmg 1” the order of t0 25 ,, set 

Temperature change of MO C from a 

mean of 20” C results XI a change in the de- 

lay of the lme of plus or minus two per cent 



F,g 20 Transponder Antenna Pattern, Hdzeltme Four-Wavelength Antenna 
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Fig 21 Decoder Performance Curve 

This flg,+re applxs forboth coders and 

decoders 

FREQUENCY STABILITY OF 

TRANSMITTERS 

Experience has show” that frequency 

var,atmn 0 f a properly operating automatic 

frequency controlled DME transmitter (Fed- 

eral ground and alrborne and HazeltIne 

ground) ,5 wlthl” +200 kc This fugue applies 
for varmtmns I” temperature, 11ne voltage 

and repetltm” rate Failure to remal” with- 

,n this lnnlt 1s usually due to u”proper oper- 

at,“” of the aft s ys tern, whvch can, under 

some condltmns of breakdown, actually pull 

the transmitter well off of the desired fre- 

‘See Footnote b 

quency Ewdence of th,s happening has been 

sufflclent to mdlcate that addItIona develop- 
ment 1s required along these lmes Most al 

the trouble encountered thus far can be COT- 

rected by improved shwldlng of the dls- 

crlm,“ator clrcults. Pxk-upof the hagh-level 

modulator pulse by the dxscrnnlnator output 

amplxfws “Iten leads to a constant correctmn 

voltage bang applied to the aft tunmg motors. 

The polar+ of this pulse 1s. of course, m- 

dependent of the radm frequency A good bit 

of trouble also ha s bee” encountered due to 
change ~“aic sensltlvlty, as a result of sudden 

changes I” repetltmn rate 

FREQUENCY STABILITY OF RECEIVERS 

Stablllty “I the local oscillators, either 

dxectlycontrolled (Federal) or aft-controlled 

(Hazeltme), has been of the order of *50 kc 

Practically no trouble has bee” experienced 

with these clrcults 

RECEIVER BANDWIDTHS 

A receiver selectlvlty curve for the 

Federal type af recewer’ls shown I” Fig 22 

Fig 23 1s a selectlvlty curve for the Haeel- 

tine receiver In the case of Flp 22, the 1 

selectwlty curve mcludes the actlon of the 

McKinley dlscrlmmator. Fig. 23 represents 

the effective res,onse curve of the HazeltIne 

equipment lncludmg actm” of the spike sup- 

p r e s s 0 r clrcults The difference I” band- 

widths between the two curves 1s due to the 

fact that the Hazeltlne receivers must be 

capable of proper operation under condltmns 

of unstablllzed 1 o c a 1 oscillator and trans- 

rnltter drifts 

IMAGE REJECTION 

The urn LI g e re,ectlo” on all receivers 

tested was between 50 and 65 db 

LLNE VOLTAGE VARIATION 

The effects of line voltage vare.tmn on 

the various characteristics of a pulse multl- 

SFederal Telecomnwmcatmn Labora- 

tor,es T M No 330, “Performance Tests of 

D,stance MeasurlngEqupmentt. “August 1948 
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plex interrogator are shown III the iollawrng memory time versus aircraft rate of move- 

table mentfor several dllferent gate widths 

Line Power Output Receiver Sensltivlty Transmitter ReC‘?lW* 

Volts (db above (db below 1 volt) Freq Freq 

1 watt) Lock-m Unlock (MC) (MC) 

90 31 4 

95 33 4 

100 34 5 

105 35 7 

110 36 5 
115 36 5 
120 36 5 

125 36 5 

130 36.5 

134 36 5 

16 82 1045 0 
4 83 1044 9 
* 84 1044.8 

84 85 1044 1 

84 85 5 1044 6 

86 87 1044 6 

86 87 1044 5 

84 5 86 1044 4 

83 84 1044 5 

81 82 5 1044 5 

-Indicator would not lock-m at any sensltlvlty 

1149 6 

1149 8 

1150 8 

1151 4 
1151 5 

1151 5 

1151 7 

1152 0 

1152 0 

1152 1 

A study of the fcregcmg table discloses that 

e. variation of line voltage between 105 and 

125 v doesnot serlouslyaffect normal oper- 

atxon of the mterrogator Below 105 v. the 
Interrogator be come s unusable due to II-,- 

ablllty to lock I” 

MEMORY 

As prevmuslyexpla~ned, the purpose of 

DMEmemcry IS to permat the contmucos m- 

dicatmn of distance durmg relatively short 

periods of s I g n a 1 absence In the case of 

velocity memory, the dlstnnce continues to 

change at the same rate and I” the same dl- 

rectlon at whichit was changing just prior to 

fadmg oithe signal Smce a large proportmn 

of signal fades are a result of alrcraft turns 

(thus changing rate), It 1s felt that sxnple 

distance memo r y 1s preferable to velocity 

memory. In this case the pllot’s indicator 

contmues to display the dxtance reading last 

recorded before the signal fade 

Itls possible to design the memory cu- 

cult so that ,t xv111 contmue to mdlcate this 

readmg almost mdefmltely Obviously, a 

practxal lnnlt must be chosen There are a 

number of factors which deterrnme the most 

logical choice of memory duration In order 
that the memory be useful, It IS essential 

that the reply signals still lx wIthIn the 

tracking gates whenthe signal agam becomes 

avaxlable The memory tnne permissible to 

meet this condition depends upon the rate of 
movement of the arcraft with respect to the 

transponder, and the duratmn of the trackmg 

gates The curves I” Fig 24 show the useful 

Assummg that the reply signal 1s centered in 

the tracklng gates at the tune of a s,gnal fade, 

It 1s obvious that movement of the aircraft in 

excess of the distance equ,va!ent of one-half 

the total gate width ~111 cause the reply s,g- 

“al, uhen agaln r e c e 1 v e d, to be cut of the 

trackmg gates When this happens, search 

must be remltlated and the advantage gamed 

by memory IS no longer valid 

Durmgmemory, the distance readmg 1s 

m error by an amount determmed by the I”- 
stantaneous v a 1 u e of memory time elapsed, 

and the rate of movement of the aircraft 

Percentage-wise, this error 1s greater at the 

shorter distances At tenmiles distance with 

a 20 I( set total gate duration, the erlcr at 

the termmatlon of memory could amount to 

ten per cent of the distance mdlcated. This 

per centage decreases with distance. and 

fortunately it 1s at the greater distances that 

signal iadmg 1s most likely tc occur 

On the basis of the experience previously 

outlined, it appears that memory ~111 be 

neededmostdurmg ccurse changes of the wr- 

craft The standard aircraft turn IS at the 

rate of 3” per second, or two minutes for a 

complete 360” turn In the latter case. only 

durmg about 90” of the turn, on the average, 

will tbz aircraftantenna (wlthanunder-fuselag 

mstallatmn) be shlelded to the extent that a slg- 

nal fade 1s likely to occur Thx would be 

equvalent to approxnnately 30 seconds, the 

exact figure depending upon fxld mtenslty m 

the turnmg area, which 15 a functmn of the 

ground antenna pattern and urcraft distance 

Itmlght seemdeslrable to extend the memory 



30 

I I\I I I I I I I I I Ill I I I 
I I I hl I II (( 

I I I I I III I I 

! ! ! !! ! ! ’ 

I I I III I I 

Fig 22 Selectlvlty Curve, Federal 

Receiver (Interrogator) 

tnne to the order of 30 seconds, in view of 

the fact that dunng a turn the aIrcraft rate of 

movement IS generally low, leadmg to negll- 

glble maccuracy and also rn~n~rn~z~ng the 

chance of the reply signal movmg beyond the 

locked gates If heldoperatmnally desirable, 

the memory could be thus extended, prowded 

the alrcraft 1s not operatmg wlthm a highly 

saturated DME service area 

In a highly saturated system, the maxi- 

mum usable memory tnne 1s lmuted by still 

another factor In a pulse multiplex system, 

with a large number of a I r c raft operatmg 

DME equpment, the ratm of the replies IT,- 

Fig 23 Selectlvlty Curve, Hazeltme 

Rece,ver (Interrogator) 

tended for a partxular anplane with respect 

to other replxs on the same frequency, but 

Intended for other amcraft, IS small Con- 

sequently, the probablllty of unwanted replies 

bang recelvedin the trackmg gates of an III- 

dlvldual mterrogator increases vnth traffic 

density When. as a result of reply pathfallure , 

anurcraftfalls to receive Its Intended replies, 

It alsow lose all other rep&s tramnutted 

by Its parent transponder to other mterro- 

gatmg aircraft However, If the arcraft 1s 

wthml,mef-sight range of other transponders, 

whl ch are transmttmg an the same reply 

frequency. even though the modes be dlfferent, 

a certampercentage of these random replws 

~111 mterlace and pass the urcraft decoder 

Ofthosewhlchsuccessfully pass the decoder, 



Fig 24 Memory versus Rate 

a small p e r c e n t a g e ~111 arrive durmg the 

tracking gate duratmn If A sufflclent number 
of the erroneous gated s~gnels appear wvlthm 

a speclfled time, the Interrogator ~111 con- 

slder the legltxnate signal recovered The 

random-g&ted signals ~111 not persist and, 

when they disappear, the memory time ~111 

be re-lmtlated Effectively then, the danger 

of in excessive memory txne in A densely 

populated DME s y s t e m 1s that the memory 

~111 be further extended to some unreasonable 

VAlW 

The probablllty of detrimental re-uutl- 

atlonof memory for various traffx densltxs, 

various gate widths, and v s r 1 o u s memory 

txnes may be p r e d 1 c t e d statlstlcally using 

probablllty methods Such an analysis re- 

veals that under the worst possible condltlons 

of traffic density, a memory time of 31x 

seconds IS the maxunurn permlsslble It 1s 

believed that traffx densltles of such a high 

order ~111 not be realized for many years to 

come Consequentlyit 1s felt that 15 seconds 

1s a logical corn p r o m 1 s e conslderlng the 
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vsr,“us factors involved I” selecting A speclflc 

d u r A t 1 D n of memory A mm”r adjustment 
can eirslly be performed, should future traf- 

flc condltmns dictate A shorter memory period 

ECHOES 
Fig 9 Illustrates how amultlpath signal 

(echo) may c .s u s e needless mterrogatmn of 

DME transponders Themethodfor preventxg 

such over-lnterrogatmn has been prevmusly 

described In add,tmn to the condltmn pre- 

vmusly cited, echoes CA” lead, under certmn 

condltlons, ta other effects detrimental to the 

proper “perat,“,, of A DME system For ex- 

ample, m computmg the random signals re- 
ce,ved by any DME r e c e 1” e r, e. correctmn 

factor must be added to Include mult1pllcatlon 

of these sxgnals by the 1 r own echoes This 

correctlo” factor var,es greatly, depending 

upon the general area ln which the system 1s 

be,ng operated Obviously, A r e a s I” which 

large ObJectS (such as mountains and tall 

bmldlngs) are numerous. are most conducive 

to the productlo” of multlpaths 
A series of tests wss conducted ln the 

New Y ark urea in an effort to arrive at A 

quantltatlve figure for pulse Increase due to 

echoes In this test, a pulse cnunter WAS em- 

ployed to count the pulses received from an 

a 1 r c raft transmitter “peratlng at a known 

repetltio” rate Under the worst condltlons, 

the pulse rate count recorded was 35 per cent 

lnevcess of the actual pulse rate transmltted 

In Fig. 25 1s reproducedan asc,llogram 

“ianinterrogator recelveroutputwhlchshows 

typlcalmultlpath signals. Pulses A and b are 

those transmitted by the interrogator and, 

pulses c and d are the reply pulses from the 

transponder Pulses e. I, g, and h are rnultl- 

path signals of pulses a and b It ~111 be noted 
that the amplitudes of e and f are near satu- 

ratlo” 

F,g 25 Echoes 

Thenegatlve deflectlons of the tracellne 

represent range markers spaced at25 psec 

1nterva1s 
Fig 26 lllustrstes the effectiveness of 

the echo suppression c 1 r c u It in the trans- 

pondor Anx,c”m~ngpulse andits associated 

echo are s how” both before (Fig 26~) and 

after echo suppresston (Fig 26~) In these 
lllustratlons whtch are exact tracings of actual 

photographs the range markers are spaced at 

5 II 5ec ,nterva1s Inorder to indicate relative 

amplitude before echo suppresslo”. the re- 
celver was “otpermltted to saturate on erther 

pulse 

GAP CODING 

The typ, of ,dent,flcat,m coding employed 

I” the present DME systems, though satls- 

factoryfor systems operating under low traf- 

flc condltlons, 1s unsuitable under higher traf- 

f,c density condltlons This is particularly 
true in A pulse-multiplex system whereln the 

random pulse level 1s high Tests have shown 
thatan unproved and mnre reliable means of 

ldentlflcatlo” must be p r ” Y 1 de d I,, future 

systems 

CONSTANTDUTYCYCLETRANSPONDOR 

The prlnclple of “perstIng A DME trans- 

pondor at full load at all times, such .ss the 

Federal constant duty cycle transponder, has 

certaInadvantages. but, requires that the en- 

tire system operate under the worst possible 

condltlons at all times A system should, of 
course, be capable of “perat,“” un d e r such 

condltlons, but the xnposltlon of these cnn- 

dltions at all times 1s a ne e dl e s s demand 

Though satisfactory operation can be obtained 

in such cases, the effxlency frequently 1s 

reduced. For example, I” a highly loaded 

system, the search time required 1s greater, 

the count-down 1s higher. and the memory 

time mustbe lxnlted. Furthermore. “peratwn 

lnthls fashion needlesslyreduces tube life 1” 

the transponder. 

RELIABILITY 

Most of the operatlng experience gained 

thus far has bee” wulth the HazeltIne pulse- 

multiplex system At the present txne there 

are only lu-nlted data avallable with respect to 

the Federal system 
Several thousand hours of operation have 

bee” experienced at the TechnIcal Development 

and Evaluatwn Center wLth both mterrogators 
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-k/A--- 
and transponders of the pul Ymultlplex system 

Durmg these permds, partxularly after the 

first few hundred hours of operatmn, equLpment 
breakdown was relatively mfrequent The 
most frequent cause of faulty “peratlo” WA5 

tube iallure. The m” s t crltlcal tube ,n the 

system appears to be the Type 3C37 tube em- 

ployed AS the transmlttmg oscillator for the 

transpandor, the same tube which 1s employed 

m the F e de r A 1 transponder The average 
lrte of these tube s has been dlsappomtmgly 

low. onthe order of 250 - 500 hours Develop- 

ment of A mnre reliable tube 1s deflnltely 

mdlcated 

Experience gamed as a result of oper- 

atmnalfallures wvlll be extremely valuable m 

the design of production equipment Intended 

for cnntanunus and unattended operation AS A 

navlgatmn aid I n d 1 c A t 1” n s are that DME 

equlprnent whxh w 111 compare favorably m 

aperatlonalstamlnawlth exlstlng well-estab- 

llshedalrwayfacllltles wlllsoon be avallable 

TRAFFIC HANDLING CAPACITY OF 

PULSE-MULTIPLEX SYSTEMS 

It WAS previously p” 1 n t e d out that the 

extent to which DME channels may be multi- 

plexed on A single frequency has certam 

llmltatlons9 In deslgnlng a pulse-multiplex 

Dh4E system, the designer must make certain 

that these lznitatlons are not exceeded For 

a give” set of parameters any pulse-multl- 

plex system has A 1 lm I t e d traiix handlmg 

capacity, beyond whxhpomt the service pro- 

wded becomes unsuitable 

9 H a z e 1 t 1 n e Electrnrncs Corporation, 

ReportNo 2059W,“TrafflcHandlmg Capacity 

of Distance Measurmg Equipment Usmg 

‘Palred Pulse’ Channelmg,” August 1947 

The iollowlng factors determme the 

traffic handlmg capacity of A DME system 

(1) Random pulse interference, commonly 

referred to as “fruit ‘I 

(2) The rat,” of replies to mterrogatlons 

required for p r” p e r operation of the 

mterrogators, commonly referred to 

AS “count-down (I 
Item 2 1s largely dependent upon Item 1 Each 

time the transponder 1s Interrogated, a “dead 

time” or “s up p r e s s 1” n txne” 1s mltlated 

which, until Its explratmn, prevents the trans - 

pondorfromacceptmg iurtherinterrogatlons 

This dead time 1s generally of the order of 

100 @set Obviously A certam percentage of 

arcraft interrogations will arrive at thz trans- 

pondor during this period The total dead time 

per second of a transponder 1s equal to the 

productof the replies per second and the dur- 

atInn of an mdlvldual dead txne The trans- 

pondor count-down 1s the percentage of the 

total time that the transponder 1s dead The 

reciprocal of this relatmn 1s frequently re- 

ferred to as the transponder efflclency, 1 e , 

the percentage of replles to Interrogations 

It follows that the greater the rate of mterro- 

gatlonof the transponder, the higher the value 
of count-down The rate of transponder I”- 

terrogatmn mcreases as the product of the 
alrcraitlnterrogatlon rate and the number of 

l”terrogatl”g arcraft In ?. pulse-multiplex 

system, the totalnumber of pulse pars trans- 

mltted on a given frequency must be multi- 

plied by the number of modes per frequency 
The count-downvalues of a given transponder 

msuch a system.may be mcreased “ver that 

created by Its awn a s s n c 1 a t e d aircraft by 

virtue of the fact that alrcraft interrogating 

other transponders s ha r ,ng Its frequency, 

also may be wlthln Its lme-of -sight coverage 

These “parasite” axcraft, operatmg on the 

shared frequency, will transrmt palred pulses 

wlthimproper spacing, however, there exists 
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Fig 27 Increase I” Effective Interrogatmns 

as a Result of Random Formation 

of the Proper Mode 

a probablllty of these random ~“terrogatmns 

overlappmg to create pulsepa~rs of the proper 

spacmg This prabablllty ~“creases with the 

total n urn b e r of ~“terrogatmns If there 1s 
no hmlt on the “umber of aucraft aperatlng 

\ulthl” the system, the count-down of the 
transponder may well reach a value beyond 
whxhthe urcraftinterrogator will not aper- 

ate properly Fig 27 illustrates how the ef- 

fectlve Interrogatlo” rate ~“creases with the 
number of lnterrogatlng alrcrait and the 

number of modes employed per frequency 

Interrogators I” modern DME systems 

are capable of proper operatm” with beacon 

effxwncles of 67 p e r cent (count-down 33 
per cent) The designer must the” take care 

to prowde that the transpandors xv111 be capabk 
of operatm” at efflc~encles no lower than 67 

per cent with the maxx”um antlupated traf- 

flC Fig 28 Illustrates how transpondar ef- 

fxwncy v a r 1 e s with the Interrogatm” rate 
and the “umber of modes per frequency 

Frg 28 Varlat,“” of Transponder Effxwncy 

with Number of Modes and Number 
of 1nterrogatmns 

I” addltm” to Its e f f e c t on the traffx 

handling capaaty, the frut level also 1s a 

determmlng factor I” the selectmn of search 
and memory tm,e 

INTERNATIONALLY STANDARDIZED 

IOO-CHANNEL DME SYSTEM 

In o r d e r to meet the operatmnal re- 
quxement for 100 discreet DME channels, 

expansm” of the techmques employed I” rm- 

plementatm” of the 50-channel systems has 
bee” necessary 

The practxabrllty of both the high-sta- 

bllltytechmque, permlttlng 2.5 Mc frequency 

separatmn, and the pulse-multiplex techmque 
havmg bee” established, the c h, e f problem 

was to determine to what extent each of these 
methods shouldbe employed Inorder to con- 

serve frequency spectrum, the deasm” was 
made by RTCAComm,ttee SC-40 that,the 

pulse-mult+ex techmque be extended to pro- 

wde ten modes per frequency Thus, by em- 

ploylng a total of 20 irequencws (ten for I”- 

terrogatmn and ten for reply), 100 channels 
may be provided wltlu” a to t a 1 spectrum of 

approxm,ately 50 Mc 

Smce contraction of the entire system 

Into 50 MC chctates the use of Hugh stabxllty 
transmitters and receivers. It IS a necessary 

requuementthat onlynarrow-band receivers 
be employed I” order to obtam efiectlve re- 

celver response curves of the quality requred, 

some means of sharpemng the characterlstlc 



35 

broad response to pulse signals must be em- 

ployed In o r d e r not to preclude the use of 

the spike ellmlnator arcut, the duratmn of 

the transmitted pulse has been Increased to 
2 5 MC Proper operatmn of the spike ellm- 

mator requres thatthe pulse wvldth I” micro- 

se c on d s be approximately three times the 

reaprocal of the pi bandwldth I” megacycles 

per second 
In order to prowde the ten modes re- 

qured, ,t 15 obvious that longer delay lmes 

must be employed The actual value of the 

ten de 1 ays to be employed are contamed I” 

Appendx 1. wh,ch 1s the new system specl- 

f,cat,on as ap p rove d at the COM D~vlsmn 

meetmg of ICAO at Montreal. durmg January 

and February 1949 Thx spec,i,catran co”- 

tams all of the requrements agreed upon by 

SC-40 of the RTCA 
Itwlll be noted that the stablllty require- 

ments have been somewhat relaxed The 

tolerances lndlcated are consldered to be 

adequate for proper operatmn of the system 

It should also be noted that each of the 

100 charrnels stlllmeets the requirement 

that It have no two of its three operatmg para- 

+ meters I” common with any other channel 

The transponder dead trme speclfled m 

Appendw 1 may be r e d UC e d r, hxgh traffic 

density areas, by dlvldmg the over-all dead 

hme Into several separate dead tu”es with a 

total duratmnconslderably less than that re- 

qu,red,f a smgle dead tune 1s employed The 
dead time as defmed xn the speclflcatmn IS 
suffxlently long to embrace the suppressed 

tune delay I” practxe It 1s not necessary 

that the transponder be made 1 n c a pa b 1 e of 

mterrogatm” during the entlre suppressed 
delay permd A relatively s h o r t dead time 

may be employed to prevent re-trlggermg of 

the transponder by the echoes of an mterro- 

gatmg pulse par and a st111 shorter dead 

time may be used followng each transmltted 

pulse to prevent rmg-around. Durmg the I”- 

tervals betweenthese dead-t,mes, the trans- 

pondor 1s capable of receiving and replymg 

to lnterrogatlons By use of this techmque, 

the effective dead time may be reduced to a” 

average of approximately 75 /I set 

Operatm” of the lOO-channel system 

under fully loaded trafilc condltmns imposes 

a severe lrmtatm” o” the means prevmusly 

employed to p r o v 1 de ldentlflcatmn codmg 

The presence of fruit pulsesfromother trans- 

ponders d u r 1” g the pe rmd of gap-codmg of 

any ,“dlv,dual transpandor makes It dliflcult 

for the a,rborne unit to recogmee the absence 

of sIgna 

Ameans of rdentlflcatlo” codmg 1s to be 

employed I” the new system which involves 

the use of a binary-code A third pulse 1s to 

be transmxtted by the transpandar Iollow~ng 

tra”sm,ss LO” ot the two-pulse DME r e p 1 y 
This third pulse ~111 be delayed with respect 

to the second reply pulse by one of two specl- 

iled mtervals Two special gates I” the I”- 

terrogator ~111 r e co g n, z e the presence or 

absence ai 5 lgnal at these two speclflc I”- 

te rvals Presence of signal I” one of these 
gates ~111 be consIdered a mark. whe r e a s 

presence of a signal I” the other gate ~111 be 

regarded as a space The ldentxflcatmn codmg 

sequence of the transponder shall consist of 

15 such transm,ssm”s, each one of approxl- 
mately onesecond durat,on Fifteen elements 
I,, a binary code ~111 prowde for any possible 

combmatmnoia three-letter code Presenta- 

tm” to the p,lot ~111 be visual, qute possibly 

by means of an lndlcator conslstmg of three 

rotatmg drums and engraved with the letters 

of the alphabet 

CONCLUSIONS 

It has been shown that the dete rmmatlon 

of distance by means of time measurement 

1s practical Equpment has been b u 11 t and 

sufixwntly tested to mdzcate that a distance 

measurement system based onthese prmc~ple 

~111 be adequate to serve the demands of any 

foreseeable air trafilc densltws 

Contracts for productmn equipment are 

to be awarded III the “ear iu tur e and such 

equpment should be I” wide scale use wlthm 

the next five years This schedule 1s I” ac- 

cardance with the RTCA SC-31 plan for em- 

plementat,moi tt,z tra”s~t,m system Further- 

more, there 1s good reason to belleve that 

distance measuring equipment as presently 

built ~111 b c adequate to serve sultably as a 

part of the ultimate a,r navlgatmn and traf- 

flc control system as enwsmned by SC-31 

By compressmg DME service Into a relatively 

small portm” of the total frequency spectrum 

allocated for the ultimate system. the way 

has been left open for the system designers 
to use considerable latitude 

During the transltmn permd, the DME 



should serve a dm 1 r a b 1 y together with the ommrange III prowdmg a meani of air navy- 

parallel course computerlO andthe VHF gatmn which far surpasses an, rx~stmg or 

earlier svstem with regard to both accurac) 

and trafilc handlmg capacity ‘I h 1 s system 

“CAA TechnIcal Development Report ~111, of course, provide the same serx~ce 

No 83, “Imtlal Flqht Tests and Theor, of an under mstrument condltlons as under contact 

ExperImental Parallel C o UT s e Computer,” illght condltlons 

September 1948 
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APPENDIX I 

Development Speclflcatmn For 

UHF Distance Measurmg Equipment 

1. 
Introduction 

1.1 
The operatmnal “se of UHF D,stance Meas- 

“rmg Equrpment (DME) has be en proposed 

for standardlzatmn 1n connection with Alds to 

FmalApproach toLand,ng andShort Distance 

Alds to Navlgatmn 

1.2 
In order at the earllest possxble date to ar- 

rive at m completely dcfmltlve specfilcatmn 

sultable for adoptmn as an essential part of 

theCOT Annex,,t 1s cans,dered necessary to 

adopta development speclflcatmn The nlm of 

this speclflcatmn 1s to lndlcatc the agreed 

broad lmes along which the UHF DME ~111 be 

developed An orderly evolutmn along these 

lmes xv111 eventually enable the praductmn of 

the fmal speclflcatmn 

13 

It 1s emphasized that the primary aim of the 

sp.eclficationIs to achieve the proper dlrectmn 

of development of DME along ccrtam broadly 

agreed lmes The status wlthm ICAO of the 

speclflcatlon mustbe such as to perrmt 

changes, If such changes appear to be neces- 

sary durmg the later stages of development 

14 

It should be noted that the development specs- 

flcatmn covermg the UHF DME 1s the ilrst 

example of Its kmd and It, therefore, creates 

a precedent whxh 1% 1s recommended should 

be constdered for a do p t 1 o n as an accepted 

practice for future use 

2 

Development Speclflcatmn for UHF Distance 

Measurmg E iulpment (DME) 

21 

General 

211 
Th,s speclflcatmn 1s for the purpose of guldmg 

development of Dxtance Measurmg Equlpmert 

(DME) with the view towards ICAO stindard- 

~zatmn Itisnotan ICAOStandard or Recom- 

mended Practice at this time. 

212 
This speclflcatmnoutlmes the characterlstlcs 

of the Dlsiance Measurmg Equlpmcnt The 

system 1s Intended to mdlcate, contmuously 

and accurately, m the cockplt, the distance 

ofproperlyequlppedalrcraftfrompreselected 

ground reference pomts 

213 

The system comprises two basic equipments 

The ilrst of these, the al r c r af t equipment, 

shallbe referred to as the Interrogator The 
second, whxh 1s the ground equipment, shall 

be referred to as the transponder 

214 

In operatmn, mterrogators ~111 be used to 

mterrogate transpondors,wh,chshall, mturn, 

transmit to the arcrait replies synchromzed 

with the mterrogatmns. thus prowdmg means 

for accurate measurement of distance 

22 

System Requirements 

221 

Channelmg 

2 2 1.1 
The system shall be wnplemented completely 

wlthm two frequency bands, 960-986 MC and 

1166 5-1215 Mc There shall be ten mter- 

rogatmnfrequencxs and ten replyirequencles. 
with 2 5 MC se par at, o n between adjacent 

radrofrequencyasslgnments. Specli~asslgn- 

ments shall be as follows 

Interrogation Band 

960-986 MC 

Channel 

1 963 5 ilrst mterrogatlon freq. 

2 966 0 second mterrogatlon ireq 

3 968.5 third mterrogatlon freq 

4 971.0 fourth mterrogahcn freq 

5 913 5 fifth mterrogatlon ireq 

6 976 0 s,xth mtcrragatmn Ircq 

7 978 5 seventh lnterrogatlo” freq 

a 981 0 eighth Interrogation freq 

9 983 5 “l”th ,nterrogatmn frrq 

10 986 0 tenth mterrogallon freq 



Channel 

Reply Band 

1188 5-1215 MC 

00 1188 5 fnst reply freq 

10 1191 0 second reply freq 

20 1193 5 third reply freq 

30 1196 0 fourth reply freq 

40 1 I98 5 fifth reply frcq 

50 1201 0 sxth reply freq 

60 1203 5 seventh reply freq 

70 1206 0 eighth reply freq 

80 1208 5 nmth reply freq 

90 1211 0 tenth reply freq 

There shall be a guard band of 2 25 MC 

between 960 and 962 25 MC and a guard band 

of 2.75 MC between 1212 25 and 1215 MC 

SPACINGS 

Mode 1nterrogatmn Reply 
(Microseconds) 

A 14 77 

B 21 70 

C 28 63 
D 35 56 

E 42 49 
The transmitted pulses shall be of 2 5 

MIcroseconds duratmn 

2.2.1 2 

Each mterrogatmn frequency shall be pared 

with each reply frequency m order to obtam 

100 dlscrete operatmg channels 

2.2 1 3 

Double pulses shall be employed for both 

mterrogatmn and reply, to fur the T m,sure 

non-mterference betweenoperatmg channels 

Ten discrete double pulse spacmgs shall be 

prcmded Each combmatmn of mterrogatmn 

spacmg and reply spacmg shall constitute a 

mode, and there shall be ten such modes The 

pulse spacmgs. measured from the leadmg 

edge of the first pulse to the leadmg edge of 

the second pulse, shall be 

Mode 

SPACINGS 

interrogation R=P~Y 

F 

G 

H 

I 

J 

(Microseconds) 

49 42 

56 35 

63 28 

70 21 
77 14 

2214 

The DME operatmg channels shall be estab- 

llshed as follows 

(a) Note 1 Letters mthls chart mdxatemodes, maccordance wlththe table n, Para 2 2 1 3 

(b) Note 2 Numerals l-10 mcluslvr, arranged horzontally, designate DME mterrogatmn R F 

channels, and numerals 00-90, arranged vertically, mdlcate DME reply R F 

channels, in accordance with Para 2 2 1.1 

0 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 9 ,: 

INTERROGATION 

963 5 966 0 968 5 971 0 973 5 976 0 978 5 981 0 983 5 9136 0 

1188 5 A B C D E F G H I 

1191.0 D E F G H I J A B 

1193 5 G H 1 J A B C D E 

5; 
1196 0 J A B c D E F G H 

F i 

I I 

& 1198 5 c D E F G H I J A 

“d 1201 0 F G H I 3 A B c D ,” ! 

1203 5 I J A B C D E F G 

1206 o B c D E F G H I J 

1206 5 E F G H I J A B C 

1211 0 H I J A B C D E F 
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2215 

T he requrements speclfled in Paragraphs 
2 2 1 1, 2 2 1 2. and 2 2 1 3 permltasslgn- 

ment of three parameters to each operatmg 

channel. (1) Interrogatlonfrequency. (2)Reply 
frequency, (3)Mode Thesethree parameters 
were assIgned x, accordance mlth the followng 

channelmg prmclples mthe chartn,Paragraph 

2214 

(a) 

(b) 

Cc) 

(d) 

(e) 

(0 

222 

No two operatmg channels shall have 

ldentlcal mterrogatlon and reply fre- 
quency combmatxons 

No two operahng channels shall have 
ldentlcal frequency-Duke spacmg com- 

bmat,ons tar mterrogatlon and reply 

No two operatmg channels shall have 

Idpntlcal ,nterrogat,on (or re,,ly) radm 

frequenc,es so long as the reply (or 

mterrogat~on) paths of the two channels 

have adjacent radio frequencies. unless 
both paths of both operahng channels 

have dliferent pulse epacmgs They 

shouldalways be separated by at least 
100 statute mdes (160 Km) when used 

for enroute nav1gatmn 

Two operatmg channels with Identical 

orad,acent mterrogatlonor reply fre- 

quencles canoaerate together provldmg 

the other path (reply or mterrogatlan) 

1s se,,arated by at least two frequency 
channels 

Two operatmg channels with both ad- 
,acent mterrogahon and reply fre- 

quencxs should always be separated 

by at least 100 statute m&s (160 Km) 

when used for enroute navlgatlon 

The same operatmg channel shall not 
be repeated wxth less than 460 statute 

mdes (738 Km) separation when used 
for enroute nawgatlon and shall not be 

repeated wvlth less than 100 statute 

m11es (160 Km) separation when used 

with ILS facllltles 

Accuracy 

2221 
The transponder 5 ha 11 not contribute more 

than plus or minus 1 0 nucrosecond (approx 

500 feet (153m)) error to overall system ln- 

accuracy 

223 
Range 

2231 
The reliable service range of the system 

shall be 

(a) 

b) 

(4 

2 24 

At least 45 statute moles (72 Km) at 

1000 feet (305m) altitude when the 
transmxssmn path IS over any type 

terran, that does not place obstructtons 

or, what would otherw>se be the optxal 
path 

When used for enroute nawgatmn, at 

least 230 statute nules (369 Km) at 

lme of sight altitude 

Speclfxat,ons in 2 3 1 4, 2 3 1 8. and 

2 3 1 10 have been drawn up on the 
ba s 1 s of meetmg these two reqmre- 

ments 

When used with ILS facllltws, at least 

50 statute miles (80 Km) at lme of 

sIghtaltItude Speclflcatlons ln 2 3 1 4, 

2 3 1 8,and 2 3 1 10 (b) and (f) may be 
vaned so long as the above require- 

merits are satlsfled 

T raffx Capacity 

2 24.1 
The speclf,cat,ons for the aIrborne Interro- 

gator enable ,t to operate IT, the presence of 

2000 other arcraft wlthm a square area 500 

statutemlles (800 Km)on a side The ground 
transponder can be desIgned to handle 50 al=- 

craftmthe presence of 1950 other ancraft on 

the remamn,g 99 operatmg channels 

225 
Identlflcatlon Codmg 

2251 
Identlfxatlon c o d 1 n g capable of wesentmg 

three-letter combmatlons nsually to the p,lot 

shall be employed 

2252 

Pulseswhlchformablnary code shall be used 

to co nv e Y the ,dent,fxatlon letters This 
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bmary code shall enable atleast 16,000 umque 

code combinations to be transmltted 

2253 

The overall tune of transmlssmn and display 

of the three-letter code shall be not more than 

20 seconds The code shall be transmitted 

every 30 seconds 

2.2.5.4 

The bmary code, conslstlng of mark and 

space elements, shall be accomplished by 

transmlsslon 0 f smgle pulses, at one of two 

predetermmed s pa c III g s , after the normal 

DME reply pulses 

2255 

The ma r k pulse shall be transmltted 10 5 

mxroseconds after the second of the double 

pulse DME reply The space pulse shall be 
transmltted 24 5 microseconds after the 

second of the double pulse DME reply. 

2256 

All DME transponders shall be provided with 

bmary code ldentlfxatlan 

23 

DetaIled Requirements 

2.3 1 

Transponder 

2311 

The frequency of the transponder transmitter 
shall not vary more than plus or mu,us 200 

KC. 

2 3 1.2 

The tolerance onthe transmltted pulse 

spa c 11.g s from the transponder (mcludmg 

ldentlty) shall be not more than f0 5 rn~scro- 

seconds The tolerance on the duratzonof 

the pulses transmrtted shall be not more than 

f0 2 microseconds 

2313 

T ransrmtted Pulse Spectrum (This data v/111 

be speclfled at a later date ) 

2.3.1.4 

The Peak power output of the transponder 

transmitter shall notbe less than 33 db above 

1 watt 

2 3 1.5 

The maxxnum transponder transmitter pulse 

repetltmn rate 1x1 the absence of mterrogatlon 

(squltter) shall not exceed 300 double pulses 

per second. This figure shall be reduced to 

less than 5 per cent of the total rep&s when 

the transponder 1s fully loaded 

231 6 

The transponder receiver frequency shall not 

vary more than plus or minus 100 Kc 

2317 

The de co de r tolerance III the transponder 

shall be not more than i0 5 microseconds 

2318 

The transponder r e c e I v e r trlggermg level 

shall be at least 112 db below 1 watt 

231 9 

The receptmn band of the transponder re- 

celver shall be such as to accept pulses specl- 

f~edm2321.2322.and2323 The re- 

ceptmnbandof the receiver shall also be such 

that synchronous p ul s e s 2 MC from the de- 

slredcenterfrequencywlllnat result in oper- 

ation of the t r 1 g g e rung clrcults unless the 

amplitude of the pulses IS at least 50 db 

greaterthan the mmn-nurnrequ~red for oper- 

atmn in the desired channel 

231 10 

The transponder antenna shall 

(a) Radiate vertically polarized energy. 

(b) Have atleast 6 db gam over a l/2 wave 

dipole, 

(c) Rad,ate with m~n~murn dlscrm,matlon 

as to ae1muth. 

(d) Have abeam wIdthat half power pomts 

of not less than 6 degrees III the ver- 

t1.21 plane. 
(e) Have means mcorporated to reduce 

nulls III the vertical pattern up to 90 

degrees. 
(f) Have a feeder wlthless than 3 db feeder 

loss. mcludmg mismatch 

2 3.1.11 

The Speclflcatmns 1x1 2 3 14, 2 3 18, and 

2 3 1 10 (b) and (I) above may be varied so 

long as at least a.n equivalent field strength 

and trlggermg level are mamtamed 
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23112 

When the txansponaor 1% associated with an 
ILS fhczlxty, a suppres;ed txne delay (meas- 

uredfromleadmgedge of the second Interra- 

gatmn pulse to ,e adlng edge oi the second 

reply pulse), adJustable between 115 and 84 

microseconds, shall be ,ncorporated in the 

transponder to permztzero distance to be in- 

dlcated at a poxnt bp to 15,000 feet (4575m) 

from the transponder site When the trans- 

pondol 1s not associated with an ILS faclllty, 

the suppressed txne delay shall be 115 micro- 

seconds but need not be adJustable 

23 113 

The system s h al! be capable of mrludmg a 

transponder providing rellable servxe to at 

least fifty equipped aircraft m the presence 

of 1950 othp r arrrraft distributed over the 

remammg nmety-nme operatmg channels 

2.3 I 14 

The transponder “dead twne” shall be such as 

la m alntaln a transponder efflclency of at 

least7Opercentatmaxlmum duty cycle The 
transponder “dead time” should be the sup- 

p r e s s e d txne delay plus 10 mlcroseconds 

after the last of the three transmltted reply 

pulse* This p r o v I de s an effective “dead 

tnne”, includmg the pulse spacmg separatwn 

of the transmltted mterrogatmn pul s es , of 

from 133 to 227 rmcroseconds 

231 15 

The transponder receiver gal” shall begln 

to reduce appl eclably at 90 per cent of maxi- 

mum duty cycle and shall be at least 50 db 
down at maxxnum duty cycle Reductmn of 
receiver g a ln between mmnnum duty cycle 

and 90 per cent of max,murn duty cycle shall 

be not greater than 3 db 

231 16 

Means for at least 50 db re,ect,on of all spu- 

rmus responses mcludmg unage and If re- 

sponses shall be mcorporated In the trans- 
pondor receiver This relectxm shall be ex- 

cluslve of that afforded by the antenna Means 

for adequate CW suppressmn shall be m- 

corporated lnthe transponder receiver 

Means for adequate echo (clutter) suppresslon 

shall be Incorporated In the transponder re- 
Celver 

231 17 

Transponder local asclllator radlatlon shall 

be suppressed adequately 

23 118 

Radxatmn from tie tran\pondor at radio fre- 

quencxcs other than the carrwr band shall be 

sappressed adequately 

231 19 

Means shall be Incorporated to protect the 

tranapondor receiver a g a 1 n s t Interference 

outsIde the DME band 

232 

Interrogator 

2321 

The Interrogator transmitter frequency shall 

not vary more than plus or mmus 400 Kc 

2322 

The tolerance onthe transmitted pulse spacmgs 

from the mterrogator shall be not more than 

+l 0 mxcroseconds The tolerance on the 

duratmn of the p u 1 s e s transmitted shall be 

not more than f0 2 mlcrcseconds 

2323 

Transmitted Pulse Spectrum (This data ~111 

be speclfled at a later date) 

2 3.2 4 

The interrogator av e r a g e pulse repetitmn 

rate shall not exceed 30 double pulses per 

second, based on 95 per cent of the time for 
tracking and 5 per cent of the time for 

searching. 

2 3.2 5 

The mterrogator pulse repetltlon rate for 

searching shall not exceed 150 double pulses 

per second 

2.3 2 6 

The pulse repetitmn rate shall have a random 
varlatlonof notless than plus or mmus 1 per 

cent and not more than plus or rnmus 20 per 
cent 

2327 

The decode r tolerance in the interrogator 

(mcluding IdentIty decoding) shall be not more 
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than I1 0 mlcrosFcondi reply irequency channe! 

2328 2329 

The mterrogaror shallbc capable of success- A suppre~sedtme delay of 115 mrcro~econds 

ful search N 1 th transponder efflclencles as shall be Incornorated 11, tne aIrborne eqap- 

lowas 67 per cent, and through random pulse ment (Ih IS 15 measured f I o m the leadq 

levels up to 1,600 random pairs per second edge of the second niterrogatm~ pulse to the 

on each of the ten reply codes on the same leadmg cage of the second repiy pulse ) 


