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DEVELOPMENT OF A LIGHTWEIGHT 
DISTANCE-MEASURING INTERROGATOR 

PART I 

THE MODEL DIB INTERROGATOR+ 

SUMMARY 

This report describes the development of a llghtwelght distance-measurmg mterrogator. 
Type DIB, for use in prwate and smaller commercial arcraft This equpment contams only 
23 vacuum tubes and has an mstalled wezght of less than 25 pounds The specdlcation 1s w,- 
eluded. along with a detaxled description of the theory of operation of the equpment Labor- 
atory and flrght tests are described, and the results u, terms of performance and accuracy 
are mcluded 

INTRODUCTION 

D&axe-measurng eqmpment (DME) 1s the deslgnatmn of the au-nangatmn ad which 
furmshes a continuous measurement of the distance to a selected ground facllzty and Indicates 
thla distance to the pilot The DME system utlllzes equipment in the arcraft and at the ground 
faclllty, referred to as the mterrogator and transponder, respectively The round-trip travel 
tune of the n&o-frequency (rf) slgnals 1s measured by sendmg an mterrogatmg signal from 
the aircraft which causes i reply sxgnal to be transmltted from the ground faczhty Both the 
mterrogatmg signal and the reply sIgnal are Identihed by means of frequency channels and 
pulse-multJplex spacmgs A combmatmn of pulse-multiplex spacmgs, one for rnterrogatlon 
and one for reply, 1s called a mode This system uses 10 mterrogatmn frequencies, 10 reply 
frequencies, and 10 modes If only one of these parameters 1s shared m co-on by any two 
channels, 100 operatmg channels are possible The rf channels are spaced 2 112 megacycles 
(MC) apart, the 10 Interrogation channels are in the band 962 25 to 987 25 MC, and the 10 
reply frequencies are m the band 1182 25 to 1212 25 Mc The 10 modes use combmations 
of mterrogation and reply spacmgs of 14 to 77 rmcroseconds 

Each of the 100 DME operating channels 1s pared ~th the radw frequency of a VHF 
navlgatlon (ommrange) or landing (1 ocaher) fac,llty u, order to alla,., sxnphfflcatmn of the 
channel-selectmn process and to elumnate excessxve markmg of charts In each case, the 
DME transponder and the pared faclllty are mstaUed at the same site The 100 DME oper- 
atmg channels showmg the frequencies, modes, and pared ommrange and lccal~aer frequen- 
cxe8 (channel-palrmng plan), are given mlT$bp I A more complete descrlptlon of the DME 
system may be found in earlxr reports , ’ 

*Report submltted for publxwion October 1956 

1 
R C Borden, C C Trout, and E C Wlllnme, “UHF Ihstance Measurmg Equp- 

ment for An Navlgatmn, I’ CAA Techmcal Development Report No 114, June 1950 

2 R C Borden, C C Trout, and E C Wllllams, ‘LEvaluataon of lOO-Channel I)lstance 
Measurmg Eqmpment, mu CAA Techmcal Development Report No 119, July 1950 

3 John R Hoffman and Robert E. Carlson. “Developments in DME Interrogators, In CAA 
Techmcal Development Report No 212, June 1953 
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113 
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1188 5 
1191.0 
1193 5 
1196 0 
1198 5 
1201.0 
1203.5 
1206 0 
1208 5 
1211.0 

0.0 

TABLE I* 

DME-VOR-ILS 
PAIRING AND CHANNELING PLAN 

963 5 966 0 968 5 971 0 973 5 976 0 978.5 981 0 983 5 986 0 

0 1 

OA 1B 
10D 11E 
2OG 21H 
305 31A 
4oc 410 
50F 51G 
601 61J 
70B 71c 
80E BlF 
90H 911 

0.2 0.3 04 05 0.6 

2c 3D 4E 
12F 13G 14H 
221 235 24A 
32B 33c 34D 
42E 43F 44G 
52H 531 54J 
62A 63~ 64C 
72D 73E 74F 
82G 83H EM 
925 93A 94B 

5F bG 
151 16J 
25B 2bC 
35E 36F 
45H 461 
55A 56B 
65~ 6bE 
75G 76H 
85J 86A 
95c 96D 

Interrogation 
(microseconds) 

Mode lnterrogatmn 
(nucroseconds) 

Reply Mode Reply 

A 14 77 F 49 42 
B 21 70 G 56 35 
C 28 63 H 63 28 
D 35 56 I 70 21 
E 42 49 J 77 14 

07 

7H BI+* 
17A l.SB 
27D 28E 
37G 38H 
475 4BA 
57c 56D 
67~ b.5G 
771 785 
67B 0BC 
97E 98F 

0 a 09 

9J 
19c 
29F 
391 
49B 
59E 
69~ 
79A N 
89D 
99c 

*Inetructione for use of table The DME operatmg-cbamel number 1s mduzated for each VHF pared frequency. A VHF 
factity frequency 1s obtained for a gxven DME operatmg channel by addmg the VHF megacycle uruts and deumals in the 
horizontal and vertical knes 
**VHF radm frequency 108.8 MC not scheduled for aselgnment to localwer service. Corresponcbng DME Cbanuel 1 to be 
aeslgned to emergency service. 

Guard bands have been assigned between 960.0 and 962 25 MC and between 1212 25 and 1215 MC. 



3 

The problem of deslgrung electromc equipment for smaller arrcraft has requred constant 
sm-,pl~ficat~on and reductmn I,, svze and wvelght The equipment described m this report 18 not 
consrdered the ultimate m this respect, but it 1s the first alrborne distance-measurmg equp- 
ment to dmect the trend toward smaller, hghter, and less complex equpments The first 
1000-MC DMEZ mterrogator to be developed m the Umted States, by the Combmed Research 
Group of the Naval Research Laboratory4 was 5 by 7 l/2 by 19 l/2 mches (l/2 air transport 
rack) m aze. and xt welghed 25 pounds This equpment wan comparable in size to the hght- 
weight equlprnent described in tlus report, but it was capable of operatmn on only one channel 
It was not Intended for operational use but was constructed to determme the feaslblllty of a 
system of matance meaeurement m the lOOO-MC frequency region Later developments pro- 
duced equpmen$s mth sizes of appronmately 314 and 1 ATR whxh were capable of operation 
on 52 channels The reqmrement that the DME operate on 100 nonmterfermg channels 
necessitated another redesign of the mterrogatora AS a result of the mcrearred channel 
requrrement, a 100-channel mterrogator was developed, designated the Type DL4 It occupxea 
a space,24 l/l6 by 9 S/16 by 11 l/8 Inches and has a total mstalled weight in the arcraft of 
57 pounds, mcludmg shockmount. remote-control box, &stance mdxator. connectors, and 
antenna 6. 7 Thzs equpment, although swtable for the larger transport axcraft. is not 
practical for use 1~ the smaller cornmercx~l and executive aircraft 

Smce the evolutzon of the dletance-measurmg system, conslderatlon has been given to 
methods and techmques wtich rmght be employed m the design of a llghtwelght and simple 
equpment slutable for use XL smaller arcraft It was reahzed that the ut&ty of the system 
would be mamrnum only If alrborne equipment, sutable for use IF, all arcraft operatrng m m- 
strument fhght rules (IFR) weather, was available At various times proposals were made for 
the design of such an equpment, but the contmual uxrease I,, the number of operatmg channels 
and operational reqlurements for the eqlupment prevented mltlatzon of a development program 

In 1951, the &r Navlgahon Development Board requested TDC to negotiate for the 
development of hghtwelght DME equipments The ob,ectlve of this development, as stated at 
the outset, was I0 to develop a hghtwaght, low-cost DME mterrogator sutable for use 
m prwate and smaller type commercx~l arcraft II 

As a result of the estabhshment of this pro,ect, a specrflcation for the development of an 
Interrogator was prepared Thla speclflcatlon was designated Speclfxatlon No TD-125. and 
It appears as Appendm I to thxe report Speclfxation TD-125 was prepared to allow the utmost 
latitude in the design of the equpment and to elmunate the ma~lrn~m possible number of per- 
formance requirements m, order to obtam an eqlupment of sunple design and hght weight As 
background for preparahon of t!axs speafzcation, a number of prebrnmary teste were made, and 
the requrernents were &ecussed with all mterested agencies as well as mtb manufacturers 
of previous mterrogatora and prospectwe development contractors It IS b&wed that tb,s 
epeclfxatlon represent* the minmwm requrements for an mterrogator operatmg m a fully 
implemented dmtance-measurmg system 

Bids were sohated and development contracts were awarded to Hazeltme Electrorucs 
Corporation and to the National Aeronaubcal Corporation (NARCO) Two separate contracts 
were awarded in order to assess the merits of two wdely divergent techmques of translrutter 
stahlheabon and decodmg methods The equpment developed by Hazeltme was designated the 
Type DIB. and that developed by NARCO was designated the Type DIG The Type DIB mnterro- 
gator 1s described 1~1 this report, and the Type DIC eqrupment will be covered IP a subsequent 
report 

PRELIMINARY TESTS 

A number of prelmunary testa were conducted before and durmg the preparatxon of 
Speclfxatlon TD-125 to determme the -m- performance md functions wbxh would be 

4 Borden, Trout, and W~l~ams. CAA Tecbmcal Development Report No. 114. op clt 

51bid 

6 Borden, Trout. and Willmms. CAA Techmcal Development Report No 119. op cit. 

7 
Hoffman and Carlaon, op at 
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acceptable I” a lrghtwelght DME ~“terrogator These tests were concerned pr~marlly wltb 
methods of mdxat~ng d.stance to the pzlot. antenna tests, and “ununum interrogator 
trans”utter outputs and recel”er sens1tlvey 

A number of designers and users of DME interrogators had suggested the use of a 
cathode-ray-tube distance m&cator to elmuate the Interrogator-trackmg cucmtry A” 
oscilloscope ~“dmator also would permit the use of a low-stablllty, manually tuned receiver 
because the osc~lloecope display could be used as a tuning lndxcator for proper tvnrng of the 
reCel”er frequency To lengthen the effective scale length of the oscilloscope display, It was 
proposed to utl1w.e a circular sweep on the cathode-ray tube 

Accor&ngly, a crrcular sweep cathode-ray-tube mdxator was constructed, and video 
signals were apphed to it m the laboratory to sunulate Its operation m a” axborne mnterro- 
gator The results of these tests were as anbclpated from earher experxnce with s~nular 
indxators used with the Szgnal Corps Ra&o 718 hgh-altitude altimeter Suffxclent brrlhance 
could not be ohtamed from thzs ,n&cator for proper vlewrng ,n the amblent light conditions to 
be expected in the cockpit of smaller arcraft I” addlho”. the cathode-ray-type mdlcator 
requred considerable space for the cathode-ray-tube circuts to produce the synchronous 
quadrature sweep signals and blanking clrcuts 

As a result of these tests, the cathode-ray mdxator usx”g eustmg techmques was 
considered unaurtable for use m a” mterrogator of this type Speclfrcaticn TD-125 was not 
altered, however, to delete this alternate type of mdxator, thus allowmg rna-um fleubillty 
of deslg” and permlttlng the use of a cathode-ray I”&cator, I” the event the designer was able 
to show that he could overcome the tifflculhes 

Tests were made on several types of airborne antennas far use with DME to deternune 
those most suitable for use with llghtwezght loterrogators These tests conslsted of a meas- 
urement of voltage stan&“g-wave ratios m the laboratory and relative ra&ation efflclency 
and pattern measurements I” the vertical plane at an antenna range The data on these tests 
have been analyzed. and a description and the results of the tests are rncluded 

Two commercially avallable antennas. four experimental models, and one model of 
commercial design fabricated at TDC were tested The laboratory tests consisted of voltage 
stating-wave measurements at several pomts throughout the DME frequencies I” the case 
of each of the experimental antenna models, It was necessary to make several seraes of 
measurements wltb changes 1” antenna length I” order to adJust the antenna length for 
resonance at the proper frequency 

Because antenna rmsmatch affects the transnutter of the Interrogator more adversely 
than the recezver, it was decided to resonate the a”ten”aa at the center of the transrxutter band 
(975 MC) and hold the standmg-wave ratio (SWR) to 3 d eclbels (db) (1 41 1) or less over the 
rransmltter band A greater mismatch the” could be tolerated at the receiver. and an SWR of 
6 db (2 0 1) was considered satisfactory at these frequenaes All manufacturers’ models 
tested, as well as the TDC-fabricated model, met these requrements Three of the four 
experimental antennas falled to meet the SWR requrements, and no further tests a” theee 
antennas were made The antennas tested and the results are hated 1” Table II 

TABLE LI 

ANTENNA TYPES TESTED 

Antenna Description 

Type DIA* l/4 wavelength Wltb matchmg sectlon 

Hazeltuuz l/2 wavelength with matclung section 

TDC-Fahrlcated l/4 wavelength with matclung sectio” 

Experur.entz.1 ll4wavele”gth rod, 3/16-mch dmmeter 

Experx”ent.al l/4-wavelength rod, 3/B-mch duxneter 

Expernnental 3/4-wavelength rod, 3 / 16-mch diameter 

Experimental 3JPwavelengt.b rod, 1 l/4-Inch &am&x 

*Manufactured by Federal Telecor”mun~cat~o” Laboratorxs 

ReSultS 

Satisfactory 

SatLsfactory 

Satlsfactary 

Unsatisfactory 

Satisfactory 

Unsa~sfactory 

U”satlsfactory 
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Antenna Range Measurements 
Further tests were conducted at the TDC antenna range on the four satisfactory antennas 

The range consists of a transmitter house, a turntable, and receiver house located approxl- 
mately at the apexes of a right triangle. wltb the dlstmces between the houses and the turn- 
table appronmately 150 feet The antenna on the turntable was fed from the transmtter by 
means of an underground co-al cable and rotating jolnt at the table The receiver plckup was 
made by mean8 of a horn gust outslde the receiver house 

Relative radiation efflclency measurements were made by plating vertxal radratron 
patterns of the antennas m succession, vnth no changes of transrmtter or receiver controls 
The only variable involved was the tune consumed m testing and changing antennas It was 
beheved from experxnce with repeating several tests over a perlad of several hours. however, 
that some drift of readings &d occur, as a result, the readings taken were not accurate to 
closer than *lO per cent The tests were continued, however. because ,t was beheved that 
tests to ths accuracy would reveal slgmficant dtierences between antennas The results of 
these tests are grven I” Table III 

TABLE III 

ANTENNA PATTERN TESTS* 

Antenna Angle of Relative Relative Rat10 of Radmtion at 
Maximum Merit at Merit at Maxlmunl Angle to 
Radiation Angle** 0’** Degrees Ratiatlon 
(degrees) 

DIA*** 30 0 91 0 94 3 37 

l/2 wavelength (Hazeltine) 27 0 79 0 88 2 97 

l/4 wavelength ~th 
matchx,g stub 30 10 10 2 90 

i/4-wavelength rod 
(expe*1me*ta1) 30 0 93 0 91 3 60 

*Al1 of these tests were at 1087 0 MC 
**The values show,, are a ratio of ratiated output of each antenna to the output of the most 

efficient antenna, which was assigned a value of 1 0 m each case The figures ~ndvzate the 
amount of losses I” the antenna Itself as well as the relative gain of the antenna at 0” 
***Manufactured by Federal Telecornmwca~on Laboratorres 

Following these tests, a vertical pattern was plotted for each antenna at SIX frequencies, 
963 5, 975 0, 986 0. 118E 5, 1201 0. and 1211 0 MC. The data collected from these tests 
are not Included because no slgruflcant Uferences were observed between the vertical patterns 
of the several antennas at a given frequency 

An unportant conslderatlan m the choxe of arborne antennas 1s the gain or effxlency of 
the antenna at small angles from the horizontal plane of the arcraft posxtion It can be shown 
that the angle of arrival of the signal at this horizontal plane does not exceed 5’ at altitudes up 
to 12, 160 feet (two nautical m&s) and at slant &stances from the station greater than 25 naut- 
1cal m11es Experience has show that at lesser distances, deterloratlon of signal up to 20 db 
can he tolerated without loss of servxe The most crltlcal arcraft posltlon for DUE perform- 
ance 1s at the ma~lrnum range and at n,xnn,urn altitude for lane-of-sight condthons At 100 
naut1ca.l nules and m~rumurn lme-of-sight albtude, the vertical angle of signal arrival 1s 
appro-te1y 1 5”. neglecting refraction and grotmd-antenna height, both of which tend to 
reduce ths angle 

It 1s believed that the radiation from the antenna.8 at vertxal angles greater than 45’ 1s 
a nunor conslderatlon because a cone of silence or slgnal loss never has been observed close 
to or over a DME ground statIon with belly-mounted axborne antennas ln use These antennas 
show as little as 5 per cent efflclency of that at 0” at or near 90” from the horizontal The 
same antennas, when mounted on top of the fuselage have etibxted a small srgnal loss wlthm 
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a few rmles of the statlo”. but DMF. service was not mterrupted owmg to the memory actton 
of the mterrogator Under such condltlons, the small amount of antenna ratiabon, coupled 
with the shieldmg effect of the arcraft Itself, caused only a margmal performance rather than 
a complete signal Interruption 

0” the basla of these tests, It was concluded that among the DME airborne-antenna 
designs avallable for the tests, no choxe could be made on the basis of performance. and 
that the prune conslderatmns of economy and avallablllty should govern the choxe of antenna 
This conclusion would not preclude later acceptance of an antenna design provldmg maximum 
or near maximum radlatlon at angles of not more than 1” or 2’ from the horizontal plane 

Speclilc tests to determrne the mmxnum receiver sensltlvlty and transnutter-power 
output which could be tolerated at lme-of-sight altitudes out to 100 nautical miles slant 
distance from the statlo” were lm-ated to a small number of fhghts to verify data taken 1” 
flight testing on earlier types of mterrogators I” this mstance. allowance also was made 
for an increase x, both receiver sens,t,vlty and power output of the ground facll,ty vnth the 
advent of the DME ground statlo”, Type DTB, which was scheduled to go Into use I” numbers 
shortly after Speclflcation TD-125 was prepared 

EQUIPMENT DESCRIPTION 

The complete Model DIB interrogator consxts of an interrogator unit, a power-supply 
umt. antenna, and the necessary cables The complete interrogator, less cables, 1s shown 
m F,g 1 The type numbers and weights of the component parts are shown ,n Table IV 

TABLE IV 

SIZE AND WEIGHT OF 
COMPONENT PARTS OF MODEL DIB INTERROGATOR 

Descrlptlo” CAA Type No Over-all the Weight 
(Inches) bounds) (ounces) 

Interrogator ““lt DIB/l 6 5/B by 6 318 by 12 5132 13 2 

Power-Supply ““lt DIB/Z 7 3/32 by 6 19132 by 8 25132 9 2 

Antenna DIB/3 5 l/2 

I”terco”“ectl”g 
Cable (as supphed) 2 

Total 24 9 l/2 

The table does not Include the necessary coaxial transmlsslo” lme for cannectlan of the 
Interrogator unit to the antenna Solld dlelectrlc coaual cable of 51 5 ohms nonunal surge 
impedance such as RG-B/U or RG-58/U 1s used for this purpose The coaxial httmgs on both 
the Interrogator unit and the antenna are Type C for use with UG-573/U cable or slmllar 
co”“eCtorS 

Electrxally, the Model DIB interrogator dliiers from previous designs m DME 
l”terrogators I” several respects The receiver and decoder cxrcluts are the ma,” uomts of 
difference. although several other features of thzs interrogator appear I” &stance-measurmg 
equpment for the first txne 

The receiver of this mterrogator aclueves slmphclty and compactness by use of a 
crystal mixer followed by a super-regenerative detector tuned to a” lntermedmte frequency 
Thrs arrangement produces a receiver somewhat less sens,+.xve than earlier models but 
occupymg a mlnlmum of space and requxlng only four vacuum-tube stages (local oscillator. 
lntermedlate-frequency preamphfler. super-regenerative detector, and quench oscillator) 
These clrcruts are comprised m two vacuum-tube envelopes The local oscillator IS tuned to 
approximately 350 MC, and It provides the mxer with a third harmomc output sufflclent far 
conversion to the 140-i& mterme&ate frequency 



Fig 1 Complete Model DIB Interrogator 

The decoder c~rcu,ts for determmng the proper recewed spacmg are umque m that 
they do not employ delay ln,es or other passive devices for samplmg the received pulses for 
correct spacmg The decodmg IS accomplmhed by the generatmn of one or two gates, as 
requred, at the proper delay time after the mterrogatmn The fxrst gate controls the pres- 
ence of the second gate, dependmg upon the recapt of a pulse wlthm ,t, and the presence of 
pulses w,thm the second gate produces the trackmg funchon 

The transm,tter and receiver local-oscillator portmns of the mterro@or are 
temperature-controlled by thermostats. heaters. and a blower for frequency stab&zatmn 
This arrangement allows the use of self-excited oscillators for both fmnctmns, yet produces 
signals of the reqlured stablhty In F>g 2, the transmitter cavity v&b its blanket heater and 
controllmg thermostat button 1s sbovm I,, the lower left-hand corner of the man, mterrogator 
urnt The exhaust fan 1s zn the center of the bottom cover The method of channel selectmn 
also can be seen ,n Fxg 2 The cams shown III the photograph are posltmned by detents 
They control the travel of the cavity-tunmg slug The wafer switches on the cam shafts are 
used to set the proper mode voltages automatically upon selectmn of the proper transmtter 
and receiver frequencies The dxstance-Indicator meter 1s contamed in the maul mterrogator 
unit, as delIvered. although w~rmg prov~smns have been made for its remote operahon If 
desired The channel selection must be accomplished from the front panel of the umt, no 
provision havmg been made far remote operation of the channel-selectlon mecharusm 

The eqmpment, when operated II, an axcraft, requmes the operation of a retrace 
pushbutton on its front panel This pushbutton 1s used to re-nxtlate searclung action III the 
mterrogator after a complete search of the distance from zero to full distance has been con,- 
pleted wIthout receptmn of a proper or usable signal from a ground station After the proper 
reply has bee,, recezved by the mterrogator and the d,stance readmg IS “locked on, I’ the proper 
&stance readmg then IS m&cated continuously, as the trackmg actmn of the mterro@or 16 
a”tDXlatlC 

A block dmgram of the Model DLB mterrogator cmcluts IS shown m Fig 3 Although the 
DME system employs pulsed pars for both mterrogatmn and reply, the tmung of the entme 
dxstance-measurmg functmn begms vnth formatmn of the first tramnutted pulse in the inter- 
rogator Cmcmts producmg the second transmrtted pulse. decodmg the reply pulses, and the 
actual measurement of the distance are mltmted by the fnst transrmtted pulse In the DIB 
equpment, this first pulse IS formed by the first modulator whxh uses a gas tube as a relax- 
atIOn oscillator Fmng this tube dxcharges a pulse-fornung network through the prm-mry of 
the modulahon transformer The stepped-up voltage developed m the secondary of the 
transformer 1s appl,ed to the transmitter oscillator to form an rf pulse Thxs rf pulse then 
IS fed to the antenna coupler and on to the antenna 



Fig 2 Man Interrogator Umt. Bottom Cover Removed 

To form the second mterrogatmn pulse, a trigger from the fvst modulator IS used to 
start the code-delay phantastron The plate voltage of this phantastron then starts decreasmg 
from a reference voltage In the block dmgram this voltage IS labeled “mterrogatmn code 
reference voltage ‘1 The plate voltage on the phantastron decreases unhl It IS stopped by the 
coder clamp The reference voltage for the coder clamp 1s the mode-reference voltage. 
Thus. depending upon the mode selected (distance between pulse pans), the coder clamp ~111 
clamp the code-delay pbantastron at the correct delay from the code-reference voltage By 
dlfferentmtmg the screen-grid waveform of the code-delay phantastron and ampllfymg m the 
second modulator trigger, the second modulator IS fmed This then &scharges the second 
pulse-formng network through the modulatron transformer as m the fust pulse formation, and 
the second pulse of the pair IS transmtted The frequency of transmssmn of these pulses, of 
course. IS determmed by the channel selected This then completes the formatmn and 
transmxssmn of the mterrogatmn pulses 

When the ground statmn transponder rephes to the Interrogation pulses. the followmg 
sequence occurs The reply pulses received at the antenna and through the antenna coupler 
are coupled through two preselectors to the nuxer Here the signal 1s axed mth the third 
harmomc slgnal from the local oscillator. the thnd harmomc slgnal bang produced by the 
tr1p1er crystal The mtermedate frequency produced 1x1 the mncer 1s amphfied xn the 
lntermedlate-frequency preamphfler The lntermedlate-frequency signal 1s fed to a snper- 
regenerative mterme&ate-frequency amphfier. the operation of wluch 1s controlled by the 
quench oscAlator Detectmn of the rf slgnal 1s accompllshed III this stage and IS passed 
through two video amptihers It then 1s m the form necessary for use m the trackmg cucults. 
This sIgna consists of two reply pulses at the output of the second video ampllfvsr which are 
delayed m an amamt p~oportmnal to the &stance of the ground station from the aircraft 

In order to measure this time delay. the Interrogator first must search out m trne until 
the reply signal 18 found This 1s accomphshed by takmg a trigger from the second modulator 
and applymg It to the range-delay phantastron Once trIggered, the range-delay phantastron 
starts to decay By dxfferentiatmg the tra~lmg edge of the screen-grid waveform. a gate 18 
produced wbzch moves out m tmne wth respect to the mterrogaflon This gate IS shaped and 
amphfxd by the track gate-generator stage 

When thus track gate has moved out in time to the same pant as the first reply pulse. a 
check must be made at the hme of the second reply pulse to see If a properly spaced reply has 
been received. To accomplzsh thus, the track gate 1s applied to one grrd of the first pulse- 
cmncldence detector and the output of the second ndeo amphfler to the other An output 



Fig 3 Block JAagram of Model DIB Interrogator 

trigger IS produced from thus stage when the track gate and hrst reply pulse comclde m txne 
This trigger IS used to start the decode-delay phantastron decaymg from the mode-reference 
voltage The reply decode-reference voltage provides a reference voltage for the decode 
clamp whxh clamps the decode phantastran The reply decode-reference voltage IS deter- 
mmed by the mode 111 use on the selected channel By dnYerentmtr.g the screen-grzd wave- 
form of the decode phantastron, abapmg and ampllfymg m the decode-gate generator. a gate 
is produced to check the second reply pulse Ths check 1s made 1x1 the second pulse- 
ccmadence detector By applymg the generated gate on one grid and the reply pulses on 
another m the comcldence tube, an output occurs when the gate and second reply pulse are 
comadent Ths mdlcates that the reply pulses are of the correct spacmg, therefore, the 
reply pulses are produced by mterrogahan of the proper ground statmn 

The presence of a correct reply havmg been established, the Interrogator must end 
search and lock on the sIgna Because an output from the second pulse-comcldence detector 
indlcatee a slgnal of the correct frequency and spacmg. tbls output 1s used to end search 
The end-search stage 1s a dmde blaaed so that It conducts only when the large negative output 
from the second pulse-comcldence tube 18 present at Its cathode The conductmn of the end- 
search detector 1s used to bns the search generator to cutoff The search xndxator remains 
llghted durmg search because of voltage present at the cathode of the search generator When 
the search generator 1s cut off at the end of search, thxs voltage 1s removed and the mdxator 
1s extmgmshed Durmg the searchmg actmn. the search clamp keeps the voltage to the track 
detector constant 



10 

The track detector 1s used to relay mformatmn to the dc ampllfmr which m turn 
furnishes a reference voltage to the range clamp This range clamp stops the range-delay 
phantastron and the mterrogator has completed loclung on the sxgnal 

The mmcator, a O-l nulhammeter, 1s connected between the dc amphfler plate and 
the mode-reference voltage This meter 1s calibrated m nulen. therefore. it mdxates the 
distance from the mterrogator to the ground station 

After properly searchmg out and lockmg on a reply, the Interrogator then must track 
or follow the reply slgnal to provide contmuous &stance mdxatmn Th,s process 1s mmtiated 
when the track detector recewes mfarmatmn whxh 1s applied to the dc ampllfler to move Its 
plate voltage up 07 down, causmg the gates to move in or out m range (time) The mforma- 
tmn to the track detector comes from the track-m comcldence detector and the decode-delay 
phantastron From the decode-delay phantastron there 1s a poslrlve pulse of constant amph- 
tude and duratmn, and from the track-m comcldence detector there 1s a negative pulse of 
constant amphtude and varymg durabon When these two pulses are balanced m the track 
detector m the locked-on condltmn, any change m distance ~111 upset this balance and the 
track detector ~111 send mformatmn to the dc ampllfler and cause the mdlcator to move LD. or 
out m range, as reqmred to mantan balance 

To provide a statx condltmn m the Interrogator durmg a short loss of signal, there 1s 
a memory c~rcult m the output of the end-search detector This IS a resistor-condenser 
combmatmn in the plate of the detector If, due to noue or “frlut” (random, nonsynchronous 
mterference). the first and second pulse-comcldence detectors srnultaneously produce a 
smgle output. the end-search detector ~11 stop the searchmg actmn A small charge llmlted 
by a serxes resxstor xv111 be put on the memory condenser If no further output occurs from 
the comcldence detector. this memory voltage decays very rapwily and the mterrogaror agam 
~111 start search If the proper slgnal 1s bemg received, however, the comcldence detectors, 
by their contmued output, ~111 fully charge the memory condenser Then If the slgnal 1s lost, 
the charge on the memory condenser ~111 keep the search generator cut off for about 15 sec- 
onds If a slgnal agam is received before expxatmn of thzs 15-second permd, the Interrogator 
~111 contxnue Its trackmg con&tion Should the memory condenser discharge before a sIgna 
agam IS received, the Model DIB mterrogator ~111 go Into search and contmue search to 
maXlmum range 

If the unit searches to Its maumum range wIthout lockmg on a signal, it IS necessary 
to push the retrace button to uutiate a new cycle of operation Puslun~ the retrace button 
not only starts a new cycle of operation, but-It rem&es the charge onihe memory condenser 
so that txne 16 not lost I* waltmg for the memory to tisslpate at Its normal rate Subsequent 
to d&very of the orlgmal equpments. an automatm retrace cxrcut has been developed and 
added to most units This clrcult elmunates the necessity for depressmg the retrace button 
to nutlate a new search For m&cating transmw.smn of a thud pulse for Identity purposes 
from the ground station along wth its normal par of reply pulses. an ad&bona1 clrclut 18 
needed In the Model DIB equpment. ths cucut 1s the IdentIty-comcldence detector A 
rmgrng cucut 1s placed m the cathode of the second pulse-comczdence detector. and by proper 
selection of components, the ma~lmum output of the rmgmg cxcut IS 10 5 mxroseconds 
after the second reply pulse Applymg this pulse to one grid of the Identity detector and the 
three video pulses on the other results m an output pulse If the rmgmg pulse and IdentIty 
pulse calncrde The output of this detector 1s used to energize a neon bulb for visual 
mdlcation of Identifxa.wx, 

On the block hagram there 1s a lme from the modulation transformer to several pants 
m the Model DIB mterrogator This 1s a suppressmn slgnal whxh 18 applied to the varmus 
clrcruts durmg the transrmssmn of the Interrogation pulses This suppressmn sIgna keeps 
these cmcu~ts from bang activated by the transmtter durmg I& ‘Lon’L permd 

The power supply for the Model DIB mterrogator 1s the synchronous vlbratar type, 
furmshmg dc outputs of 650, 250. 100. 19. 12 6, and -15 volts The 650-volt output IS reg- 
ulated by a reference voltage from the mterrogator The 250-volt output 1s regulated by a 
conventional series regulator, usmg the 100 volts (regulated by a voltage-regulator tube) as 
a reference voltage The 12 6-volt output 1s regulated by a ballast tube m the power supply, 
and It 1s used for filaments The 19 volts and -15 volts are unregulated 

The apphcation of plate voltages 1s delayed one minute by a thermal-bme delay The 
followmg fuse protecbon 1s provided 

Mam power lme 15 amperes 
Primary of power transformer 6 amperes 
650-v& hne l/32 ampere 
250-volt line 114 ampere 
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These data for the power supply refer to the 27-volt umt The output voltages of the 13 5-volt 
supply are the same except for the filaments In the 13 5-volt wt. the f&xnent voltage 1s 
6 3 volts mstead of 19 volts and 12 6 volts No changes are necessary m the mterrogator 
when usmg ather supply All of the reqmred wiring changes are handled in the power cable 
between the power supply and the mterrogator 

TESTS 

The tests performed m comectmn with the acceptance and mvestlgatmn of the merits of 
the design of the Model DIB &stance-measurmg mterrogator were of three classes These 
have been deszgnated as type tests, laboratory tests, and flight tests 

Type Tests 
Acceptance tests to determme whether the equpment met mnm-~um performance 

characterlstxs as set forth m Speclfxcation TD-125 were performed before acceptance of 
dellvery of the equpment from the contractor These tests were performed by the contractor 
with observation and partic~patlon of TDC engmeers The eqlupment successfully passed the 
type tests and was accepted 

The followmg characterlstxs of the equipment not completely covered 1n Speclhcation 
TD-125 are 

Mmrnum transmitter-power output 630 peak watts 
Maximum transmitter-frequency sluft 275 kc 
Interrogatmn rate 14 to 17 per second (15 nominal) 
Receiver bandwidth approuaately 2 MC 
Manmum receiver-frequency shift 180 kc 
Power consumptmn wth heater m operation, 

13 5 volts at 17 9 amperes 
27 volts at 8 8 amperes 

Laboratory Tests 
After d&very of the Interrogators, a number of laboratory tests were performed to 

mvestvgate the operahon of the eqlupment to prowde data for future speclficahons and 
mterrogator desxgn. These tests were conducted concurrently with the flight tests. 

As required in Specification TD-125, the eqlvpment arlgmally was calibrated 1~ nautxal 
miles A subsequent declszon to abandon nauhcal miles as a standard required that the mter- 
rogators be adJusted and recalibrated for statute-mile mdzcaiaon The change from nautxal to 
statute m&s m the mterrogator resulted m an mcrease m the error, because the mode- 
correction voltage supplled to the meter m the equpment was adjusted for the nautical-mile 
callhration In au effort to elmunate 07 mlnlmlze this error, a number of tests were per- 
formed on the urnt to deterrmne the amount of error Introduced by the mode-correction 
network A typical cahbration curve plotted for three modes 1s shown m Fig 4 These 
curves reveal that sufficient additional errors were mtroduced by the change to statute miles 
so that the interrogator no longer met the mmmmm accuracy requirements of *1 role or 
5 per cent. whlchever IS greater The mvestagatwn disclosed that when the callbratmn was 
changed from nautical to statute miles, a change was required m the mode-correction resIstor 
network to compensate for the change u, tnne delay per mile After proper changes m the 
resistance network, a typxal callbratlon curve was plotted for three modes It IS shown u, 
Fxg 5 It ~111 be noted that this CUTY~ shows an rnprovement m excess of that to be expected 
for the nautical- to statute-mzle correction This further unprovement IS assumed to be due 
to the fact that the orlgma.1 network could have been improved by closer selectxon of resxstance 
values 

In an effort to determme the sources of error m the Interrogator, a number of tests 
were made The dc mstrument was removed from the clrcwt and checked for lmearlty of 
current readmg from 0 to 1 mllhampere, usmg a Rubxon null-type potentiometer calibrated 
agamst an Epley standard cell whxh was cahbrated by the Nahanal Bureau of Standards. The 
resultmg error curve of the dxstance-mdxatar mstrument. when compared to the over-all 
error curve of the mterrogator wth Instrument reconnected m the cxrcmt, IS shown m Fig 6 
It can be seen from these curves that most of the &stance errors of the mterrogator occurred 
m the mdxatlng mstrument The dc mdxating mstruments used m the Model DIB mterrogator 
are basxally of +2 5 per cent accuracy. and they have been selected by the manufacturer for 
*2 per cent This selection was necessary to meet the over-all accuracy reqlurement as 



+6 

+5 

+4 

l , 

+2 

+I 
;; 
Y 

I 0 

E 

E -, 

-.? 

-3 

-4 

-5 

-----*ODE E 

Fig 4 Cal~bratmn Errors Before Reszstor Change 
Model DIB Interrogator Serml No 4 
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Fig 5 Callbratmn Errors After Reelstor Change 
Model DIB Interrogator Serml No 4 



Fig 16 

specxfled I,, Speclfxcation TD-125 In Fig 6 it ~111 be noted that the error I,, the cahbratlon 
curve m the area from approamately 7 to 32 nnles exceeds that allowed 1~1 the speclflcatmn 
This umt was cahbrated at the 0- and SO-rmle pomts wIthout regard to the speclflcatmn 
reqmrements for the purpose of Illustrating the snmlarlty of the meter-error curve to the 
over-all Interrogator-error curve By toleratmg an error near 0, the over-all calibration 
of the umt can be brought wltlun speclf~cation lmuts 

A further test of the hnearlty of the range voltage xtl the equpment was made by usmg 
a very accurate dc n,strument bavmg M 5 per cent accuracy and a scale length of approxl- 
mately 4 niches No errors m distance were readable usxng tbxs mstrument, confummg the 
fact that the hasxc range-voltage accuracy of the mterrogator IO far more exact than that pre- 
sented to the p11ot when usmg the less actuate meter Increased accuracy m the dc znstru- 
ment can be secured by substxtutmn of a hand-cahbrated dc u,strument havzng an error ef 
il per cent or less, at a shght xncrease 11, cost 

In a,, effort to reduce the total power dram of the equipment for use II, alrcraft havmg 
lmuted current-capablllty generators, a 13 5-volt equpment was moduied to elimmate use 
of the heaters for stab&zatmn of the transmitter- and recewer-cavxty osclllatoss These 
heatera consume about 100 watts from ather the 13 5- or 27-volt power source, and thexr 
elmunatmn made the unit more practical for smaller arrcraft Ths mo&flcatron also mcluded 
readJustment of the power-supply-regulated dc output voltage from 250 to 225 volts to pro-de 
regulation down to appro*lmately 11 5-volt Input. and a complete readJusbEmt of trmsmtter. 

recmver, and pulse co&q and decodmg functions Further, tins modxhcatmn Included 
recomect~on of the blower fan m the unit to operate contxwously Instead of alternately wzth 
the heaters as prevu,usly connected, because it was b&wed that blower aperatmn would 
rnprove temperature stabihzakon m the absence of heater operation. 



Bench tests on the umt were conducted to detemme the amount of transnntter drift mth 
changes m outsIde amblent temperatire These tests mdxated a trmsmltter frequency sluft 
of about 6 kc per degree ,? (about 10 kc per degree C ) over the outside amblent temperature 
range of 34’ F to 83’ F Thm temperature shift was Judged to be tolerable for the chmat~ 
candltmns expected 

Calxbratmn curves for the mm&fled 13 5-v& mterrogator are shown m Fq 7 It Will 
be noted that no slgmficant eference m accuracy appeared in the modlfled umt from that of 
an umnodlfled one 

To determme the effect of continuous operatmn of the Model DIB mterrogator, a set 
pxked at random wae operated contmuously for more than 115 hours Durmg this permd there 
were no malfunctions due to the mterrogator Because of poor regulation of the power source 
to wluch the Model DLB eqmpment was connected, the mterrogator unlocked on several occa- 
B,.X-SS. however, the mterrogatm &d not m any case fall to lock on agam when the retrace 
button was depressed Permds of continuous lock-on were as long as 36 hours 

Flight Tests 
Fbght tests were performed an two Model DIB Interrogators, the 27-volt umt and the 

13 5-v& unit, modified for elrmnation of the cavity heaters 

Unmo&f,ed 27-Volt Interrogators 
A comprehenswe senes of flqht tests was &onducted on the 27-volt Model DIB 

mterrogators m an attempt to ancover sources of unr&abAty I,, the equxpment whxh had not 
appeared durmg laboratory testing These tests consisted of a series of fhghts of from 35 
mu,utes to 4 hours and 55 nunutes I,, duration, extendmg over a permd of several months, with 
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the equpment m operatuan m a Douglas DC-3 arcraft Dwlng this hlne the failures 
encountered were confined to the power-supply portion of the equxpment These tests pro- 
vlded a total of approximately 100 hours of operabon m the air Failures to measure dxs- 
tance to acceptable line-of-alght conditmns durmg these series of fhghts totaled less than 
five. and at least one of these was traceable to nnproper adJus!xnent of the equpment durmg 
bench-mamtenance checks Two falures were due to tube fallurea, and one was due to 
vibrator failure 

During the permd, the equrpment also was demonstrated wlthout falure or malfunchon 
in fhght several tunes a day on a number of consecutive days to approumately 115 persons 
The eqmpment mterrogated and m&cated distance wlthm the speclfxation tolerances at all 
tnnee durmg these flights 

The fhght tests included the proper interrogation and distance mdxcatmn when operated 
wth all ground stations m the area over which the flights were conducted The followmg 
stahona were used Indlanapolrs VOR, Indlanapohs IL.% In&anapahs TVOR (experimental), 
Dayton VOR, Chcago HeIghta VOR. Goshen VOR. and ChIcago adway ITS All observations 
of distances over ground checkpomts were found to be wlthm speclflcalxon tolerances after 
proper ground calibration of the equpment 

Motixd 13 5-Volt Interrogators 
The 13 5-volt Model DIB Interrogator, which was mod&ed by dlsccnnectmg the cavzty 

heater and readJustlng the regulated power supply from 250 to 225 volts, was mstalled and 
flight tested m a Globe Swift airplane TWO units were used successively durmg these tests, 
and 110 hours of fhght were completed durmg which the units operated satisfactorily One 
trouble occurred whxh was traced to a defectwe tube socket 

The amblent temperatures I* whxh the unit operated durmg these tests varied from 
32” F to SO’ F No frequency shift sufficient to cause malfunctmn was experxenced Dur - 
mg most of the tests. the transnutter cavity was tuned to frequency m the laboratory at an 
amblent temperature of approumately 80” F , and It was not retied after mstallation ,n 
the aircraft 

The method of mountmg the mterrogator, mdrcator, power supply, and antenna m the 
Globe Smft axplane is shown 1x1 Flge 8, 9, and 10 The antenna used IP these tests was 
not the Type DLB/3 antenna furnished for use wrth the Model DIB mterrogatcr because the 
Type DIBl3 antenna was not avaIlable at the trne of the first mstallatmn The antenna used 
has been found to have very sn-mlar characteristics to those of the Type DIB/3, both antennas 
bang one-quarter-wavelength types 

Fig 8 Instrument Panel of Globe Swift Arcraft 
With Distance Iwhcator Installed 



F,g 9 Cockpit of Globe Swift Arcraft Wltb 
Model DIB Interrogator Installed 

Durmg these test flights. 234 observatmns of distance readmgs over ground checkpants 
were made, and these checks were tabulated The average observed error was appronmately 
1 12 miles for all condlhons, mcludmg several fhghts v&h improper callbrahon. tirmg 
later test fbghte, the observed errors were reduced greatly by mnproved cahbration proce- 
dures It was found that with proper cahbratmn. under the lmnted envlrommental contitmns 
encountered durmg the tests, the speclflcatlon requrements of fl mile or 5 per cent, 
whichever 1s greater, could be bettered 

Fig 10 Globe Swift Aircraft With DME Antenna Installed 



The maamurn range capabllxtxes of the mterrogator at speclfmd altitudes also were 
mvestlgated The rnaxlrnum range capabihty of the equpment varied somewhat It was 
beheved to be affrcted by the particular type of ground station (Model DTA or DTB), the 
ground-statmn ate, contitmn of maintenance of both the ground statron and the mterrogator, 
propagatmn condltmns, and other factors In general, the maxlmurn ranges were near the 
radm lm,e-of-sight approxlmahon 

D= a+ v%i (1) 

Where 

D = maamum &stance of operation, I,, statute mules 
h = ground-antenna height. m feet 
H = axcraft altitude above ground. XI feet. 

A graph ehovmg the maximum dmtances obtamable at several altitudes an three ground 
statmna m the Indmnapolx area 1s shown m F&g 11 

A varmtmn in maximum usable range also was encountered when flyq outbound on the 
three ground statIons 1~ the Ixbanapohs area on different radxals from the station This 
varmtion was of the order of 7 or 8 mrles at an altitude of 1000 feet above the ground statIon 
This varxation was b&wed to be due to the topography around the ground-station s&z I,, 
the dlrechons of maamurn usable ranges from the ground statIon, the ground dropped off 
gradually in the fzrst 7 ,-n&s from the statxr. 

Some characterlstlca of operahon were apparent during flight testxng whxh, although not 
entirely confwied to thus model, are slgruflcant to the operator of this equqment They are 
described here 

The Model DIB Interrogator m operatun will track the same algnal on an outbound flight 
a canslderable &stance further than It can search out and lock on thzs sIgnal when rnbound to 
the statean. Thus dxfferential averaged about 7 7 nautical rules (8 0 statute rmles) This 
characterlstx has been evldent on all alrborne DME r&rrogators tested at TDC, although 
to a lesser degree than with the Model DIB equpment The greater distances obtaIned on 
outbound flights were attributed to the memory action of the Interrogator, coupled vnth the 
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fact that the trackmg gates are more sensitive to the presence of properly decoded slgmls 
when they are relatively statmnary as durmg tracking than when they pass across the algnal 
durmg search at the relarlvely high speed of several thousand miles per hour 

The Model DIB mterrogator was deslgned to accomplish retrace by hand The retrace 
button, when depressed. causes the gates and mdxator to return to 0 miles and search out to 
beyond ma~lmurn &stance agam The retrace actmn m thu mterrogator has been slowed so 
that It 1s necessary to hold the button depressed for about one second m order to retrace the 
mdlcator from 100 m&s to 0 on the mdlcator Ths action allows retracmg only a portmn of 
the range when the ground station 1s known to be \mthm a certam portion of the &stance range 
In the case of manual retrace actmn, this relatwely slow retrace effectively decreases the 
search tmne when used wth ground stations whose appro- te distance from the arcraft 
pcs~tmn 1s lmown 

Followmg development of the Model DIB mterrogator, the contractor undertook 
development of an extension of the design to Include several features found demrable during 
test and flight experxnce wth the Model DIB mterrogator Thus eqruprnent was developed 
under contract by the CAA OffIce of Federal Amways It has been designated the Model DID 
mterrogator 

The Model DID Interrogator has all of the functions and features of the Model DIB 
eqmpment vnth the followmg addltmns 

1 Remote channel selection by use of common navlgataon-control heads 
2 Remote dual-scale meter with 40- and ZOO-rule scales 
3 Improved accuracy to +3/4 axle or 3 per cent, whxhever 1s greater 
4 Automatic retrace actwn which provrdes automatic return of trackmg gates and 

mdxator to 0 after completion of a search 
5 Flag alarm In mdlcator to lndxate whether set 18 m the track or memory contitIan 

The Model DILI mterrogator 1s housed m a standard one-half ATR case This equpment 1s 
deslgned for operatron from a 115-volt, 400-cps ac source, usmg 27 volts dc Input for 
heaters and motors in the equpment 

CONCLUSIONS 

The Model DIB equpment has demonstrated that DME mterragators can be deslgned and 
constructed whxh combine adequate performance characterlstxcs vath clrcult sxnphc~ty. yet 
possess practical weight. sxe. and economy characteristics Speclfzally, the Model DlB 
mterragator has shown that satisfactory operatum wth the lOO-channel Dm system to 
mxnunum accuracy requrements can be achxved wthout the use of crystal-controlled rf 
asclllators, multistage rntermedrate-frequency amphfxrs. magnetostrxtive coders and 
decoders, mecharucally drwen rangmg and mdxatmg systems, and remote controls 

The Model DLB Interrogator, although not replacmg more complex mterrogators m 
accuracy of measurement, 18 available to users deslrmg a sunpler, more compact and 
llghtwelght DME mterrogator at a moderate sacrifice 1n accuracy 
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APPENDIX I 

Speclficabon TD-125 
May 3. 1951 

DISTANCE MEASURING EQUIPMENT 
LIGHTWEIGHT INTERROGATOR 

1 General 

1 1 Purpose The purpose of this speclfxatmn 1s to estabhsh the requrements for an 
airborne chstance measurmg equrpment mterrogatar for use m conjuncb.on wrth present ground 
transponders by private and executive type axcraft The equpment transmits in the band 
962 25 to 987 25 MC and recewes In the frequency range 1187 25 to 1212 25 MC This eqlup- 
ment uses pulse multiplex ccdmg techmques for bath transmlssmn and receptmn and mdxates 
the dxstance from the ground statuan contrnuously to the pilot while in operation 

1 2 Desxgn Since tis eqmpment 1s intended for use as an air navigation device, 
rehabllity, stablhty, and fall-safe operation are of prxne rmportance m Its design Every 
effort should be made m the design so that any failure of the equpment ~111 be apparent to the 
pilot and no false mdxatmns of distance are presented under any foreseeable conditions of 
malfunction It IS of prune rmportance, also, that the equpment should be capable af 
production at a moderate cost TO the private pilot. 

1 2 Service Condituxns The equpment shall meet all reqlurements of tlus speclflcat>c,r, 
under any and all combinations of the following service conditions 

a Temperature 0” C to +60” C 
b Relative humxhty 10 to 90 per cent 
c Pressure simulating sea level ta LO, 000 feet. The upper hmlt of amblent 

temperature ulll be +25’ C under tbls condltmn 
d Voltage supply 6 per cent fram ather 13 5 or 27 volts dc 
e. Vibration to the extent normally encountered m private and executive type aircraft 
f Continuous operation for 12 hours 
g Pr=mary voltage ripple of 5 per cent at 100 to 10.000 cycles 

1 3 1 Low Temperature The equipment shall not be damaged when turned cm and cperated 
m ambient temperaties as low as -16’ C 

1 4 Material to be Furnished One complete equpment (DME), for purpases of this 
speclflcation, shall conslat of the following 

a One interrogator or main unit housing the recewer, transrmtter pawer supply, and 
associated video cxcmts, etc , mcludmg mountmg base (shockmount) if required. 

b Control unit 
c Inmcator 
d Instruction book (five copues) 
e One set of operating tubes, fuses, crystals, and any other plug-m assembles 

requred for operation of the equprnent These may be Installed m thelr proper sockets 
or packaged separately at the contractorls optlon 

f One eet of all plugs or connectors. both mechanxal and electrxal, requred for 
operation of the mterrogator 

g One set of spares consishng of the followmg 

(1) One set of all tubes 
(2) One set of all fuses 
(3) One set of frequency crystals for all frequencies used 
(4) One set of rectlfymg or detector crystals required for operabon of the m-at 
(5) One. each, spare electrical component other than those narmally procurable as 

commercx,l stock Items, If requested (See Paragraph 1 4 ) 

1 4 1 kst of Non-Staddard Components The contractor shall furnish two coplea of a hat 
of all electrxal components used m the design of the equpment. other than those normally 
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procurable as cornmerclal stock Items. wzthm ten days after delivery of the first eqmpment 
One copy of this hat xv111 be returned to the contractor wlthm ten days after receipt, indxatmg 
those components which are to be furnIshed as spares under Item g(5), Paragraph 1.4, for the 
fmst model This hat shall then be used to satisfy Item g(5). Paragraph 1 4. on all 
subsequent dehverles under 0~s speclflcabon 

1 4 2 Combmation of Umts. No requrement of this specification shall probblt the 
consohdatmn or separatmn of these units where passable or practicable m order to conserve 
space or weight The tabulation of umts 1s mcluded for purposes of clarity only 

1 4 3 AddItIonal Eqmpment The equpment. when dehvered, shall Include all accessorues 
necessary for mounbng and lnstalhng In an arcraft except for wrmg and cabhng between 
units 

2 Reqluremenrs 

2 1 General The equpment shall consist of a pulsed transmitter, a receiver. and 
associated indicator czcuts coupled together m such a manner that the tune required for the 
propagarmn of an mterrogatlon pulse to the desired ground transponder and of the reply pulse 
back to the axcraft shall be measured and presented on the m&cator which shall be cahbrated 
m nautxal miles (6080 feet or 1 1516 statute miles) The equpment shall also provide for 
ldentlfxabon of the ground transponder m use to the operator 

Two alternate methods of distance mdlcation are speclfled hereln as examples The 
paragraphs marked “Alternate A” and ‘Alternate B” refer to these two alternates The 
method of &stance indxahon to be used ~~11 be specified by the contracting officer at the 
time of flnal contract authorlzatlon 

2 2 Design The design and construction of the equpment, xxludmg both material and 
workmanslup, shall conform to the best commeraal practice for axcraft Instrument and 
electromc eqrupment 

2 2 1 Life The equpment shall be deslgned so that ,t wvlll have the ma.xxmurn hfe with 
the rnuumum a*ustment and repax that 1s conslatent with low cost and other reqmrements 
of this speclflcahon 

2 2 1.1 Motors Any motors used m this equpment shall have sealed bearings of a type 
that does not reqlure lubrxatxm or other attention for at least 1000 hours of operation 

2 2 2 Components All electrxal component parts, wherever practxable, used m the 
design of this equpment shall be of standard commercml manufacture such that they are 
readily procurable In the case of faxlure 

2 2 2 1 Resistors Preference shall be given in the design of the equipment to use of 
one-half-watt, lo- or ZO-per cent tolerance, Insulated realstore 

2 2 2 2 Capacitors Preference shall be given m the desxgn of the equipment to the use 
of capacItora having a tolerance of *lo per cent or greater 

2 2.2 3 Motors No motors shall be used in the eqlupment wvlthout speclfzc authorization 
from the contracting offwer or his representative Exception ~11 be allowed in ths case for 
a dynamotor power supply. ,f reqlured (See Paragraph 2 2 1 1 ) 

2 2 2 4 Connectors All connectors shall be sub,ect to the approval of the contractmg 
officer or his representative 

2 2 3 Prxnary Power Source The pamary power source shall be nominally 13 5 or 27 
volts dc. 

2 3 Modes Ten modes shall be used Each mode conslats of two pulse spacmgs, an 
interrogation pulse spacxng and a reply pulse spacmg The modes to be used are as follows 
(See also Table I ) 
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Mode Interrogatmn R=ply 
Spacmg Spacmg 

(microseconds) (mxcroseconds) 

14 
21 
28 

D 35 
E 42 
F 49 
G 56 
H 63 

77 

z: 
56 
49 
42 
35 
28 
21 
14 

2 3 1 Mode Selectmn The mode in use at any given time shall be deterrmned by the 
operating channel m use In accordance with Table I herem The selechon of the mode shall 
be accomphshed at the tame of channel selectmn either automatically from the receiver and 
transmitter settmgs or by use of a separate control In the case of a separate control, mfor- 
matlon shall be supplied by a table m the mstructmn book, or preferably by a nameplate on 
the control box, as to the correct mode for use WA, each channel 

2 4 Channels 

2 4 1 Number of Channels One hundred operatmg channels shall be provided by cross- 
bandmg ten receiver and ten transnutter frequencies Modes shall be added to alleviate the 
mterference caused by co-on frequency mterrogatlons and rephes from and to other 
axcraft The arrangement of channels shall be m accordance with Table I 

2 4 2 Channel Selectmn Selectmn of a channel shall conslst of the followmg functmns 

a Transmitter frequency selectmn 
b Receiver frequency selectmn 
c Mode selectmn 

In the mterest of snnplxlty, the controls provided for channel selectloo shall be as few In 
number as IS consistent wth economical design However. It shall be allowed, expressly, to 
provide three separate controls, of necessary, to afford compactness and economy m the 
equplnent 

2 4 3 Channel Indlcatmr h,d,catxon shall be provided to lndxate easily and quckly to the 
operator the operatmg channel to which the equipment has been set 

2 4 4 Channel Palrmg Each distance measurmg channel xv111 be pared wrth a VHF 
navigation faclhty frequency m mstallatlon of the ground equpment It would be dearable to 
mdxate the proper VHF navlgatlon faclllty frequency for paxmg with each distance measurmg 
channel on the selector control markings The proper VHF navigation frequency for each 
DME channel IS mdxcated m Table I 

2 5 Receiver 

2 5 1 General The receiver shall receive pared pulse signals on any of ten frequencies 
(See Table I for frequencies ) The receiver control shall provide posltlve channel selectmn 
,mless other means for settmg frequency accurately are provided 

2 5 2 Radio-Frequency Input The antenna Input clrcult to the receiver shall be deslgned 
for connection to a 52-ohm coamal lme It IS preferred that the receiver be deslgned so that 
the receiver and the transmitter are coupled to the antenna through a angle mput connectIon 
to the eqlupment The receiver shall not be damaged by the transmitter under any cond~tlons 
of mismatch 

2 5 3 Sensltlvlty The sensltlvlty of the receiver shall be 108 db below one watt or better, 
on all channels This sensztwty shall be mamtamed under all con&tmns of fruit speclfled m 
Table II herem The sIgna level Into the receiver mput requred to mamtam drstance 
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~nformabm, shall be the sens,tiv~ty figure in the case of automatic trackmg The sensmvlty 
far “lockmg on” shall be wlthm 3 db of the sensxtlvlty for treckmg (Alternate A) In the case 
of the osclllascope mdxator (Alternate B), receiver sensltlvlty shall be defmed as that sIgna 
level requrred to produce a peak signal plus nalse-to-peak-nome ratm of 2 1 on the mdxator 

2 5 4 Recezver Frequency Stabzllty Either a high or low stablllty receiver may be 
prowded by the contractor n, accordance wth the defuuhons in Paragraphs 2 5 4 1 and 
2542 

2 5 4 1 High Stablbty Each ~~CB~VBT center frequency shall be wlthm 200 kilocycles of 
Its speclf,ed value in Table I, under all service concbtmns as spafled ln Paragraph 1 3 In 
this case, the recaver bandwidth to pulses may be ather wide, narrow. or mtermedlate in 
accordance with the defmltmns IL, Paragraphs 2 5 5 1, 2 5 5 2, and 2 5 5 3 

2 5 4 2 Low Stabrhty Each receryer center frequency shall be wlthm *I 5 MC of Its 
speczfled value m Table I, under all service contitlons speclfled in Paragraph 1 3 In thlS 
case the receiver bandwldth must be in accordance wth Paragraphs 2 5 5 1, 2 5 5 2, and 
2 5.5 3 

2 5 5 Receiver Bandwidth The receiver bandwidth may be wide. narrow. or mtermedlate. 
dependmg upon the receiver frequency stablllty (See Paragraph 2 5 4 ) The defimtmns of 
these bandwldths are as speclfzed ln Paragraphs 2 5 5 1, 2.5 5 2, and 2 5 5 3 

2 5 5 1 Wide BandwIdth Receptmn band of the receiver shall be in 5 MC. M 5 MC at 
3 db down. and no more than 10 MC wide at 50 db down 

2 5 5 2 Narrow BandwIdth Receptmn band of the receiver shall be no less than 1 25 MC. 
l O 25 ‘MC at 3 db dawn, and no more than 10 MC wide at 50 db down 

2 5 5 3 Inttermetiate BandwIdth Any bandwIdth between the lxnlts speclfusd for wide 
and narrow bandwldth may be employed. provided the stablllty meets the requrements of 
Paragraph 2 5 4 1 

2 6 IdentIty 

2 6 1 Idenbty, Alternate A Identzficatlon of the transponder with whxh the mterragator 
1s operatmg shall be accomplIshed by means of a thud pulse of 2 5 mIcroseconds m duration, 
havmg suxular characteristics to that defmed u, Table III and Fig 1 Thus pulse ~11 be 
spaced 10 5 rmcroseconds after the second reply pulse and shall be permdxally sent on a 
one-for-one basis wltb each reply from the transponder Sutable arcmtry shall me 
provided to produce a visual or aural mdxation of Its presence 

2 6 6 1 Operatmg Tune At least 8 but not more than 12 ldenhty pulses shall be requxed 
to produce the m&catmn mentioned u, Paragraph 2 6 1 

2 6 1 2 Identity Seneltlvlty The sens>tivlty for proper operation of the ldentlficatmn 
clrcuts shall be wthm 3 db of the sensltxvlty for tracking 

2 6 2 Ident+,, Alternate B No IdentIty clrcuts are reqrured for oscilloscope mdlcatars, 
the display bang relied upon to prollde m&cation of ldentlty 

2 7 Decoder 

2 7 1 Deco&g. Alternate A The decoder shall be capable of bang set to decode any of 
ten different pared pulse spacmgs transrmtted from the ground station, yxldmg an output If 
the spacmg IS proper and no output If the spacmg 1s xnproper 

2 7 2 Decodmg, Alternate B In the case of the osc~lloscape mdxatar, no automabc 
decoder 1s required, the oscilloscope presentatmn bang rehed upon to allow recognltmn 
of proper spacmg If needed 

2 7 3 Decoder Spacmg The pulse spacmgs to be transmxtted from the ground equipment 
are sp:clfxd m Paragraph 2 3 and r, Table I 
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2 7 4 Decoder Tolerance The decoder (Alternate A) shall accept pared pulses that are 
wlthln 0 5 mxrosecond of the correct spacmg. and It shall reJect. by more than 50 db, pulses 
whose spacmg 1s more than 3 rmcroseconds from the correct value 

2 8 Ihstance Measuring Clrcuts 

2 8 1 I)lsplay Txne After completmn of the selection of a channel, It shall not requre 
more than 20 seconds (search time) to drsplay the proper distance on the mdzcator under 
normal fret condltlons (see Table II) It shall not reqlure more than 40 seconds under 
maxrnum fruit condltmns (see Table II) These reqlvrements shall be consIdered satlsfled 
If the dxsplay time 1s met ,n 9 out of 10 truss 

2 8 2 Search All searchmg, whether manual or automatx, shall be outward (mcreasmg 
distance) to prevent lockmg on multIpath slgnals Provisions shall be made to prevent mward 
searchmg by dz.ablmg the clrcuts or other means 

2 8 3 hrcraft Speed It shall be possible to measure distance properly m arcraft havmg 
speeds up to 300 knots under maximum fret con&hons (see Table II) 

2 8 4 Dzstance Range It shall be possible to measure distances from 0 to at least 100 
nautical rmles 

2 8 5 Calibration The callbratmn of the distance output shall be in nautical males (6080 
feet, 1 1516 statute miles) The output shall be deslgned to read 0 miles when the delay 
between the second mterrogahon (transmltted) pulse and the second reply (recaved) pulse 1s 
115 mxroseconds For purposes of this measurement, trne shall be measured from corre- 
spondmg pants on the rf pulses at the antenna connector. using a sIgna level of 50 db above 
m~xrnun, usable and pulses as speclfxd m Table III and Fig 1 

2 8 6 Memory 

2 8 6 1 Memory, Alternate A The distance output shall have a simple range memory 
lastmg from 8 to 15 seconds after the loss of a slgnal which has been present for at least 15 
seconds The range mdxcahon at the output shall not drift more than fl rule durmg memory 

2 8 6 2 Memory, Alternate B No memory LS requred for an asc~lloscope mdlcator 

2 8 7 Pulse Repetltmn Rate The distance measurmg clrcluts shall not reqmre the 
transmxtter to transmit an average repetition rate greater than 30 pulse pars per second 
when averaged over a permd of 10 rmnutes In no case shall the pulse repetxtmn rate exceed 
35 pulse pars per second 

2 8 8 Interrogation Jitter There shall be a random varlatmn of at least *l per cent m 
the tune between transrmsamn of successive pars of mterrogatmn pulses 

2 8 9 Interrogation Rate Stablllty Design of the pulse repetltian rate determmmg clrcmts 
shall be such that their short time stablhty IS purposely degraded m order to msure further 
agamst accidental synchronous operatmn from two mterrogators operatmg on one transponder 

2 8 10 Interference InJectIon of any of the followmg types of signals mto the antenna 
connectvan, m addztmn to proper transponder rephes, shall not cause the proper drsrance 
readmg to change outslde the lrmts speclfled herem. 

a Thud pulse IdentIty This consists of a third pulse. In addition to the normal two. 
transmltted from the ground transponder for purposes of Identity (See Paragraph 2 6 1 ) 

b Fret as specrfled under malomum con&tmns In Table 11 (Note This condltmn 
doffers from receiver bandwdth ) 

2 9 Transnutter 

2 9 1 General The transnutter shall transrmt a pared pulse srgnal on any of ten 
stabllxzed frequencxs 



25 

2 9 2 Frequencies The transmxtter shall be capable of bang set to any of the ten 
frequencxs, as spectiled m Table I, by a smgle detent control 

2 9 3 Pulse Shape and Spectrum The detect&d pulse envelope and spectrum of each pulse 
transrmtted by the transmitter shall be m accordance wxth the values specified ln Table Lu 
and Fig 1 In add,t,on. each pulse of a pulse par shall be as nearly Identical as possible 

2 9 4 Frequency Stablllty The transmitter frequency shall be stablllzed withm MOO 
kllocycles of Its specified frequency on all ten channels, under all service condltlons, and 
in addltmn, a rmsmatch correspondmg to a voltage standmg wave ratio of 2 1. or less 

2 9 5 Povrer Output The peak power of each transrmtted pulse shall be not less than 500 
watts under all conditions of operatlan The peak power of each pulse of a par shall not 
deviate by more than 1 db from the other These condacns shall be met wth a rmsmatch 
correspon&ng to a voltage standmg wave ratm of 2 1. or less, of any phase at the antenna 
connector of the equpment 

2 9 6 Output Load The output of the transrmtter shall be deslgned to operate Into a load 
xnpedance of 52 ohms 

2 9 7 Spur1ous Fadlat1on tirmg mtervals between generation of m&vldual pulses. 
transmlssmn at any frequency shall be more than 50 db below the peak power of the man 
pulse transmlssmn at the radio frequency of operatmn This provlslon refers to all 
transmlssmns, mcludmg modulator and generator interference 

2 10 Coder 

2 10 1 comng The coder shall be capable of bang set to produce any of ten palred pulse 
spacmgs as speclfled ,n Table I 

2 10 2 Coder Tolerance The spacmg between constituent pulses of a pulse par shall be 
mamtaned wlthm 1 mxrosecond of the proper value under all candxtlons 

2 11 1nmcator It 1s the purpose of this speclfxatmn to pernut alternates for the method 
of d,st;nce mdxation Two alternate methods are spafled as examples The sectmns 
marked “Alternate A” throughout this speclfxatmn apply to an equipment usmg a meter 
mdlcator unth automatx traclung clrcuts The sectxons marked “Alternate B” apply to 
equpment using an oscilloscope dlatance mdlcator vatbout automat,= trackmg clrcuts 

2 11 1 Design, Alternate A The mdlcatcr shall be deslgned as a meter movement mth 
a scale covering 240” or greater, and cahbrated m nautical rmles from 0 to at least 100 wrth 
a lrnear scale 

2 11 2 Size, Alternate A The instrument, mcludmg connector, shall not proJect more 
than 10 5 mches behmd the mstrument panel when mounted m its normal psltmn (See 
Paragraph 2 14 2 ) 

2 11 3 Accuracy. Alternate A The mdxator, when connected to the eqmpment. shall 
m&cate the correct distance to a ground transponder Mthm f5 per cent or *l nautical nule. 
whichever 1s greater 

2 11 4 Indxator Dml, Alternate A The mdxator must be SD deslgned that the distance 
1s clearly legible at a &stance of three feet The contractor shall furn,sh wltb his proposal 
a sketch of the contemplated m&catmg instrument The contractor shall further furmsh a 
final drawmg of the mdxator face for approval before constructmn of the mdlcator 

2 11 5 Design. Alternate B The indicator shall be deszgned as an oscilloscope wtb a 
circular trace, with a scale covering as great a portzon of the circular trace as possible, 
and cahbrated m nautical rmles from 0 to at least 100 

2 11 6 Sze. Alternate B The mdxator shall not pro,ect more than 10 5 Inches behind 
the mstrument panel when mounted m its normal posltlon 
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2 11 7 Accuracy, Alternate B The mdlcator, when connected to the eqrupment, shall 
m&cate the correct &stance to a ground transponder wthm fi per cent or 1 nautical rmle, 
whlchever 1s greater 

2 11 8 Indicator IXal, Alternate B The oscilloscope face Itself or a sultable overlay 
shall be cahbrated and lettered so as to be easily legible from a distance of at least three 
feet from the instrument The words “nautical n-,&s” shall also be prommently marked on 
the mstrument The contractor shall furrush a sketch of the proposed mdlcator face with 
the proposal, and he shall further furmsh a final drawmg for approval before construchon 
or lettermg of the mdxator 

2 11 9 Case The x,strument shall be fitted wth a suitable case or dust cover to protect 
1t 

2 12 Computer output 

2 12 1 Proposed Computer Output The contractor shall carefully consider all possible 
methods of prowdmg an output from the Interrogator, which 1s proportmnal to the mticated 
distance, for use by course line or plctorlal computers As a result of this conslderatmn he 
shall furrush the follovnng mformatmn to the contractmg officer or his representative 

a Posslblllty of computer output 
b Type of output (see Paragraph 2 12 2) or outputs 
c Estimated distance accuracy 
d Estimated addltmnal cost 

2 12 2 Types of Output Deszred The fallowmg are types of output desired for computers 
In order of preference 

a direct current or alternatmg current volts proportmnal to distance wth 15 to 30 volts 
at 0 to 150 to 250 volts at 100 nautical mules 

b Same except 0 volts to some lower value 
c Alternatmg current volts wltb phase shift proportlcnal to distance 
d Others 

2 13 Service AdJustmat 

2 13 1 Callbratmn Means shall be provided to allow callbratlon of the distance accuracy 
by quallfxd service personnel as a shop adJustment Tlus shall include a 0 adJustrnent m 
addxtmn to any others required 

2 13 2 Lockmg All servwe adJustment controls shall be provided with shaft lacks or 
lockmg arrangements to prohlblt their rotatmn when subJected to vlbratmn 

2 13 3 AdJustmat Stablllty After adJustment. all equxpment parameters shall remain 
within thex tolerances herem speclfxd wlthout further adJustment when the equipment 1s 
mstalled m an arcraft and the aircraft 1s flown under normal flight condltlons 

2 13 4 AdJustment Accesslblllty All controls and components necessary for the proper 
adJustrnent and mamtenance of the eqlupment shall be easily accessible upon removal of the 
dust cover or dust covers 

2 14 Size 

2 14 1 Man Equipment The eqlupment, excluszve of mdxator, control box, shockmount, 
and antenna. shall be housed m a case not occupymg more volume than a standard one-half 
ATR (The packaging need not take this form factor ) 

2 14 2 Lndlcator The mdlcator should be deslgned to mount conveniently on the mstrument 
panel of typxal lqht arcraft 

2 14 3 Control Box The control box should be combined wltb the mdlcator, if practrcable, 
wdmut sacrlflcmg weight, space. cost. or convenxnce of operatmn In the event this 
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comblnatlon IS used, a drawng showmg the arrankement and panel mountmg space requred, 
and g,vmg the estrnated wevght of the combmed umt, shall be submrtted for approval to the 
contractmg offxer before constructmn 

2 15 Welghr 

2 15 1 Total Weight The total eqmpment, mcludmg the Mann umt. control box. md~cator. 
mountmg base, and all connectors necessary for mstallation, shall not exceed 30 pounds 
Tins weight shall be exclusive of all cables and wires between the units comprrsmg the 
equpment 

2 16 Government Furnished Eqmpment 

2 16 1 Antenna The Government ,.,,ll furmeh the contractor ‘~lth at least one sample of 
the antenna to be used ulthm 90 days after award of the contract. to be used by the contractor 
ln development and testmg of the eqmpment Thla antenna shall be returned to the Govern- 
ment, at the txne of fmal equpment d&very, m good condltmn 

2 17 Instruction Book 

2 17 1 Content The InstructIon book to be furmshed by the contractor (Paragraph 1 4 d) 
shall conthln the followng materlal 

a Index 
b A descrlptmn of the mstallation procedure and all necessary mformatmn for 

mstallmg the mterrogatar m the aIrplane 
c A description of the theory of operatmn of the equpment m sufflclent d&all requred 

for an understandmg of the prmclples used and the functron of each tube and assaclated 
clrcmt m the Interrogator. mclvdmg a block hagram 

d A photograph or drawmg of each unit or assembly (control box, mdxator, 
receiver-transmitter, etc ) wzth as many replaceable parts as possible labeled by 
sutable overlay or markmg accordmg to the clrcut schematlc reference number 

An mstallahon wrmg dwgram showmg all wulres and cables between anlts and the 
*Aer, size, typ e. and connectmn pant of each wre 

f A clrcmt schematx, or schematIcs. of the complete mterrogator showng nommal 
values for all replaceable parts 

8 Voltage and resxstance charts showng voltages and resistances to ground (chassis) 
or other convenient point from each tube socket pm and any other pomts requred for 
serv,cmg the mterrogator 

h Parts list (mcludmg cxcult schematIc reference numbers. nommal values, 
tolerances, ratings, and umt or assembly m which they are used) for replaceable 
component parts ln the mterrogator 

1 Osclllographc waveforms throughout the eqmpment 
I Any other material or mforma+.mn required for servlcmg the mterrogator 

2 17 2 Detail Reqmred The descrlptmns and explanations 1x1 the u-,structu,n book shall be 
III sufflclent d&all to allow testmg and repa~r of the mterrogator by a techmclan skllled in the 
servxmg of radio and electromc eqrupment 

2 17 3 Submlssmn of Manuscript The contractor shall submit a manuscrlpt II, any legible 
and orderly form of the proposed xxstructron book withm 30 days after delivery of the frrst 
mterrogator for approval by the contractmg officer After approval the lnstructlon book may 
be reproduced and bound for d&very III the quantltms reqlured II, Paragraph 1 4 

2 11 4 Prehmmary Instructlo* Materm The contractor shall furnish. with the fust 
model and any subsequent dellverles of equpment before the fmal rxstruction book 18 avalable, 
at least one set of prel1mmary Instruction materials This material shall conslst of a block 
hagram showng waveforms, a schematic wumg dragram showng component values and 
ratmgs, and a wrmg dmgram shcwmg all cables and wres between uuts or assemblles 
necessary for mstallat~on and operatmn of the equipment Tlus condr+smn ~111 be satlsfxd by 
subrmssion of ad&txonal copxs of the u,structlon book manuscript 
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2 17 5 Bmdmg and Reproductmn The mstructmn book may be reproduced by mimeograph. 
on a good quality paper, or by offset prmtmg processes Glass or matte prmts of photographs 
may be Included, or half-tone cuts of photographs may be used If desxred Ozalld or equlva- 
lent black lme prmts of drawmgs or schematms may be used The lnstructlon book shall be 
bound m good quahty, wet strength. limp paper cover 

2 18 Tests and Acceptance 

2 18 1 Prehmmary Tests Prellmmary tests far compliance with the followmg 
rwurements of the speclflcatlon ~111 be conducted at the contractor’s plant on the fxst 

Receiver sensltlvlty (Paragraph 2 5 3) 
Receiver frequency (Paragraph 2 5 4) 
Receiver bandwIdth (Paragraph 2 5 5) 
Decoder tolerance (Paragraph 2 7 4) 
Distance range (Paragraph 2 8 4) 
Memory (Paragraph 2 8 5) 
Pulse repetltmn rate (Paragraph 2 8 6) 
Transmitter frequencies (Paragraph 2 9 2) 
Pulse shape and spectrum (Paragraph 2 9 3) 
Power output (Paragraph 2 9 5) 
Coder tolerance (Paragraph 2 10 2) 
Ihstance accuracy (Paragraph 2 11 3 or Paragraph 2 11 7) 
Size (Paragraph 2 14) 
Weight (Paragraph 2 15) 

2 18 1 1 Condztmns of Tests The tests mentmned m Paragraph 2 18 1 shall be conducted 
under the followmg service condxtmns (See Paragraph 1 3 ) 

a Temperature room temperature only 
b Humdlty normal room condltmns at time of test 

: 
Pressure normal room pressure prevallmg at tune of test 
Voltage supply *5 per cent from either 13 5 or 27 volts dc 

; 
Vlbrahon none 
Contmuous operatmn for at least four hours 

g Primary ripple maximum available up to 5 per cent at any frequency avalable 
from 100 to 10,000 cycles 

2 18 1 2 Faclhtxes for Test The contractor shall furnish all facllltles and test equipment 
for the prellmmary tests and conduct the tests wvlth the partxxpatlon and/or observatmn of a 
cognxzant engmeer designated by the contractmg officer 

2 18 1 3 Notice of Tests The contractor shall notify the contractmg officer at least ten 
days before he 1s ready to begin the prehmmary tests m order to msure presence of the 
cognuant engmeer wIthout delaymg the tests 

2 18 2 Fmal Test and Acceptance Fmal tests and acceptance will be conducted at the 
Tecbmcal Development and Evaluatmn Center and complete tests on all subsequent 
dehverles 



Palred with VOR 
(tenth megacycle) 

DME Interrogatmn 
(megacycle) 

Paxred with 
VOR/Local,zer 

(megacyrle) 

DME 
R=W 

(megacycle) 

TABLE l* 

DME-VOR-ILS 
PAIRING AND CHANNELING PLAN 

00 0.1 02 03 04 05 06 07 08 09 

963 5 966 0 968 5 971 0 973 5 976 0 978 5 981 0 983 5 986 0 

108 1188 5 OA 
109 
110 
111 
112 
113 
114 
115 
116 
117 

Mode 

A 14 
B 21 
c 28 

1191 0 10D 
1193 5 2oc 
1196 o 3OJ 
1198 5 4oc 
1201 0 50F 
1203 5 601 
1206 o 70B 
1208 5 80E 
1211 0 90H 

1nterrogatmn 
(mlcraseconds) 

D 35 
E 42 

1B 2c 
11E 12F 
ZlH 221 
31A 32B 
41D 42E 
51G 52H 
61s 62~ 
71c 720 
81F 82G 
911 92J 

Reply Mode 

77 

ii 
56 
49 

30 
13G 
23J 
33c 
43F 
531 
63~ 
73E 
83H 
93A 

4E 5F 6~ 7H 81** 
18B 
28E 
38H 
48A 
58D 
68~ 
78J 
88C 
98F 

14H 151 16~ 17A 
24A 25B 26C 27D 
34D 35E 36F 37G 
44G 45H 461 47J 
54J 55A 56B 57c 
64C 65D 66E 67F 
14F 15G 76H 771 
841 85J 86A 87B 
94B 95C 96D 97E 

1nterrogatmn 
(mxcroseconds) 

Reply 

F 49 42 
G 56 35 
H 63 28 
I 70 21 
J 77 14 

*Instructmns for use of table The DME operatmg-channel number 1s mdlcated for each VHF palred frequency A VHF 
faczhty frequency 1s obtamed for a given DME operatmg channel by addmg the VHF megacycle units and decunals m the 
horlzonttal a,,d vertical lmes 
**VHF radm frequency 108 8 Mc not scheduled for assignment to locallzer service Correspandmg DME Channel 1 to be 
assigned to emergency service 

Guard bands have been assigned between 960 0 and 962 25 Mc and between 1212 25 and 1215 MC 

9J 
19c 
29F 
391 
49B 
59E 
69H 
79A 
89~ g 
99G 
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TABLE II 

FRUIT CONDITIONS 

Fruit signals may be of any amplrtude from equahty to 50 db above the desired reply signal, 
and of the same characterlstxs and shape (See Table III and Fig 1 ) 

Condhon 1 -A Condltmn 1 -B 
Normal Frmt Normal Fruit 

Narrow Band Receiver Wide Band Receiver 

Condltmn 1 -C 
Normal Frmt 

Intermediate Band Receiver 

This con&tmn 18 caused 
by the lqectmn of random 
pulses, In addlhon to the 
deslred reply. mto the 
antenna mput of the 
mterrogatar under test 
The followmg types of 
fret campmae this 
condltron 

(a) 750 pulse pars per 
second at the proper 
spacmg for the mode 
selected 

(b) 3000 pulse pars per 
second at -proper 
apacmg 

Thrs condltmn 1s 
zdentlcal to Condltmn 
1 -A. except 

(a) 1500 pulse pars 
per second at 
proper spacmg 

This condlhon shall be 
on a lrnear percentage 
relatmnshlp wxth the 
actual bandwdth between 
the two conhtmns. 1-A 
and 1-B 

(b) 6000 pulse pars 
per second at 
improper spacmg 

Condztmn U-A 
Maxrmum Frut 

Narrow Band Receiver 

Identical to Condrtmn 1 -B 

Con&tmn U-B 
Maximum Frut 

Wide Band Receiver 

Identical to Condrtron 
1 -A, except 

(a) 3000 pulse pars 
per second at 
prdper spacmg 

Condrtmn U-C 
Maxrmum Frvlt 

Intermwhate Band Recewer 

This condltron shall be 
on a lmear percentage 
relatmnshlp .,ntb the 
actual bandwIdth between 
the two condlhcns. II-A 
and D-B 

(b) 12.000 pulse pars 
per second at 
Improper spacmg 

Note Transponder efficiency shall be consIdered to be no less than 70 per cent under all 
frmt condltmns 



Fig 1 Defuutmn of Pulse Shape and Radm-Frequency Spectrum 


