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DEVELOPMENT OF A VARIABLE-PARAMETER DUE INTERROGATOR* 

SUMMARY 

Th,s report describes the development of a test u”,t desIgned to permit alrborne check,ng 
of the performance, coverage, system ,“terfere”ce. and mult,path tra”sm,ss,o” of the DME 
transponder The unit has been des,g”ated as a Variable-Parameter DME 1”terrogator (VPDI) 
A descr,pt,o” ,s give” of the mod,f,cat,o”s made to a” early-model conventmnal ,“terrogator to 
render ,t capable of perform,“g the fu”ct,o”s desired of the VPDI The character,st,cs of the 
VPDI are outhned, and the results of the ,“,txal flight tests are descr,bed 

INTRODUCTION 

Determlnat,“” of the maximum range capab,l,ty of d,sltance-measur,“g-equpmont (DME) 
systems has long been a problem surrounded by var,ables Attempts to pred,ct coverage 
stat,st,cally are relatively mea”,“gless because of the differences between the free-space 
patterns and the w,de varlat,“” of antenna patterns encountered operatmnally Transponder 
antennas are essentmlly standardued, however, the,r effect,ve patterns vary greatly from s,te 
to site The patterns of a,rcraft antenna vary w,th the type of axcraft, the antenna locatlo”. 
and the antenna des,g” The fact that the DME system involves a two-way transm,ssmn fur- 
ther compl,cates the problem The conventional ,“terrogator prov,des only a “go-no go” ,ndl- 
catmn of system performance and when fa,l,“g I” l”d,cat,o” does “at prov,de the means for 
determ,“,“g the l,m,t,“g parameter The followng parameters are of s,gmflcance I” deter- 
mm,“g whether a signal of the proper form to operate the ra”g,“g clrcuts of a canve”t,onal 
,“terrogator xv,11 appear at the output of the ,“terrogator decodmg c,rcu,ts 
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Power output of ,nterrogator transnutter 
Frequency of mterrogator transmitter 
Code-spacmg of transmltted pulse par 
Rece,ver sens,t,v,ty of DME transponder 
Frequency to wh,ch the transponder rece,ver ,s tuned 
Decode-spacmg of transponder 
Code-spac,“g of transponder reply 
Power output of transponder tra”sm,tter 
Frequency of transponder tra”sm,tter 
sens,t,vlty of ,nterrogator i-ece,ver 
Frequency to wh,ch ,“terrogator receiver ,s tuned 
Decode spac,“g of ,“terrogator receiver 

The dependence of the d,sta”ce ,“d,cat,o” on these character,stlcs ,s show” ,n F,g 1 
The equwalent parameters of the compa”,o” equpment to the DME I” the rho/theta short- ,~~--. 7 

range “avlgat,“” system, the very-h,gh-frequency (VHF) omn,d,rect~onal range (YOK).L a 
one-way tra”smlsslo” system, are 

1 Power output of ground VOR tra”sm,tter 
2 Frequency of ground YOR transmitter 
3 Senslt,vlty of arborne VOR rece,ver 
4 Frequency to wh,ch a,rbor”e VOR rece,ver IS tuned 

*Manuscript subm,tted far pubhcatm” September 1953 

1 R C Borden, C C Trout, and E C W,ll,ams. “UHF Distance Measur,“g Equpment 
for A,r Navlgatmn,” CAA Tech”,cal Development Report No 114. June 1950 

‘H C Hurl- -y, S R Anderson, and H F Gary. “The CAA VHF Ommrange.” CAA 
Techn,cal Development Report No 113, June 1950 



Fig. 1 Dependence of Dmtance Indlcatmn on System Varrables 

In the case of either the VOR or the DME, the proper ad]ustment of the hsted varmbles 
does not guarantee accuracy of mdlcatmn but smply msures receptmn of the optmum signal 
amplitude. 

The problem of flxght-checlung a VOR ground statlon differs in two respects from that 
of flight-checkmg a DME transponder. These respects are 

1. VOR receivers cantauung crystal-controlled local oscillators are at present available 
and thus virtually assure frequency compatiblhty, because the VOR transrmtter 1s also 
crystal-controlled. On the other hand, not all mterrogator and transponder transmitters 
now in use are crystal-controlled 

2. The sltn-,g of the VOR transmitter IS a slgnlflcant factor u, the determmatmn of the 
azimuth accuracy as well as in the deternunatmn of the coverage of the VOR statmn, 
whereas the sltmg of the DME transponder affects the DME coverage but not its 
accuracy. 

Hundreds of hours of flight-checkmg w1t.h the present and earlier DME systems at the 
Technxcal Development and Evaluatmn Center of the Clvll Aeronautxs Admunstratmn have 
repeatedly shown that accurate coverage-pattern recordmg IS virtually rnposslble because 
of Inadequate control of the 12 variables prevmusly enumerated. 

To unsure that the complete system 1s at optmum, performance durmg the course of 
such measurements, the VPDI was deslgned. When the VPDI 1s used with an oscilloscope, 
compatlblllty of frequency and of code-space lmks can be ensured. The signal strength 
avallable at the receiver, together with the &stance, can then be measured and recorded. In 
order to provide this fleublllty, the follawmg parameters of the VPDI are made manually and 
Independently variable 
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Fig 2 Block Dmgram of VPDI Showmg Operatmg Controls 

Power output 
Receiver sensltlvlty 
Transmitter frequency 
Receiver frequency 
Transmtted pulse-par spacmg (mode). 
Decode spacmg (mode) 

Fzgsre 2 IS a block dmgram of the VPDI and rllustrates the controlled functmns 
For purposes of coverage determmatlon, absolute accuracy of the frequency and code- 

space links 1s not Important, provided that the axborne varmbles are at the optunum pant in 
relation to their companron variables at the transponder Where It 1s deslred to measue the 
characterlstlcs of a ground statlon, the VPDI variables after optxnum ad,ustment may be 
measured m fhght by the use of avaIlable test equpment These measurements apply to the 
companron parameters of the ground statlon. 

DESCRIPTION OF MODIFICATIONS 

When the reqrurements of the VPDI and the characterlstlcs of the Interrogators avail- 
able far modlfxatlon were consldered, the HazeltIne Electrorucs Corparatlon Model 1355 DME 
50-channel interrogator was selected as the basis for the VPDI The follawlng features of the 
Model 1355 governed this choice 
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The tunmg range of the radio-frequency cavltles are more than adequate for appllcatmn 
as VPDI. 
The power-output and the receiver-sensltlvlty characteristics are srutable. 
Both the transmitter and the local osallator are self-exated. 
There IS sufficient eqlupment avallable to provide spare parts for the VPDI. 
Varmus mechamcal factors are favorable. 

Radm-Frequency Head. 
Much modlfacatmn of the radm-frequency head was necessary to accomplish three 

primary obJectIves. These obJectIves were (1) to p rovlde 
cavltles for the transmittmg and recelvmg functions, (2) t 

separate and entirely Independent 
o make the transmitter frequency 

continuously varmble throughout the axborne-transmitter band, and (3) to make the local 
oscillator and the preselector of the receiver contmuously varmble throughout the alrborne- 
lecelver band. 

In accompllshmg these obJectives, the power output of the transmitter and the sensltlwty 
of the receiver should not be determrated. Even though the transnvtter has a separate antenna 
and cavity, a T/R tube 1s needed because of the close proxxmty of the two antennas on the 
airplane fuselage. 

To Isolate the transmitter and receiver cavltzes In the radm-frequency head, a thm 
copper partitmn was Installed between them. The copper wall was soldered m place and was 
curved so that rt would clear the preselector turung plunger. Measurements made before and 
after the modlficatlon mdlcated no change m maximum power output. The purpose of Isolatmg 
the two cavltles was to permit adJustment of the output power of the transmitter through use of 
external v-f attenuatmg cable wIthout affectmg the receiver sensltivlty The transmitter design 
prohlblts adJustment of the power output through the control of operatmg voltages 

The next step was to Inject the received signals Into the preselector. A hole was cut m 
the cavity concentrIc with the T/R tube, and a Type BNC connector which termmated In an 
electrostatic probe adJusted for crItIca couphng was Inserted. Measurements of the sensltlvlty 
before and after the mstallatfon of the receiver probe showed no deterloratloh A separate 
control was provided for the preselector tunmg. and a calibrated dial with a vermer was 
attached to allow the preselector to be preset accurately. A stop was provided to prevent the 
preselector plungers from damagmg the receiver probe. 

Prowsion for the contmuous twng of the transmztter and local-oscillator cavities was 
lncarporated by the removal of the or1gme.J turung drum of the Model 1355 mterrogator with 
Its discrete steps or detents and by the substltutmn of a tumng drum with a smooth mclmed 
plane. The rise of the xnclmed plane was made sufficent to cover the respective frequency 
ranges with adequate overlap. Separate tunmg shafts were brought out to the front of the 
radio-frequency head, and tunmg knobs and mdlcators were added to faclbtate the adJustment 
and posltiorung of the cavity plungers. 
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The orlgmal Model 1355 Interrogator incorporated a wide-band mtermedlate-frequency 
amphfler For some appllcatmns, a wide-band ampllfler would be desirable III order to pre- 
clude the necessity for continual retunmg of the local-oscillator cavity However, in cases 
where the frequency of the ground transmitter 1s momtored. a narrow-band IntermedIate- 
frequency ampllfler 1s reqmred In order to be useful for both appllcatmns, two separate 
intermediate-frequency ampllflers were provided. one wide-band and one narrow-band These 
two amphflers can be Interchanged dependmg upon the appllcatmn of the VPDI Figures 3 and 
4 show the over-all receiver-response curves of the wide-band and the narrow-band 
mtermedxate-frequency amphfxers, respectively 

Video 
Inasmuch as there was no requirement for automatlc mdlcatlon of distance, all of the 

search and tracking clrcults were removed from the VPDI Distance may be measured by 
the use of the external oscilloscope In addltmn, the coder and the decoder were modlfled to 
permit selectmn of (1) proper code and decode spaangs, (2) proper code and decode spacmgs 
rnmus 1 25 mIcroseconds, and (3) proper code and decade spacmgs plus 1 25 mlcroseconds 
Selectmn of the spacmgs 1s accomplished wtth the mode-tolerance switch 

Fig 5 Photograph of VPDI 
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Mag”etostr,ctlve delay lines are employed to determme the bas,c code and decode spac- 
,“gs, and series-lumped constant lines are employed to provide the plus and m,nus varmtmns 
It was necessary to replace the 30-microsecond magnetostrlct~ve delay hne with two longer 
hnes to accommodate the longer code-and-decode spacings of the lOO-channel system 

Modulator 
The orlglnal 1 5-rmcrosecond pulse-forrmng hnes I” the modulator were replaced with 

2 5-mIcrosecond lmes I” order to meet the reqmrements of the lOO-channel DME system 

Pr. ,wer Supply 
The power supply IS tdentlcal to that of the older Model 1356 Interrogator. except that 

the h,gh-voltage supply ,s supplemented by two addltmnal rectifiers to provide power for the 
wider modulator pulses generated by the longer pulse-formlng lines 

A photograph of the VPD1 1s shown I” Fig 5 The characterlstlcs are give” I” Table I 

TABLE I 

SUMMARY OF VPDI CPARACTERISTICS 

Radm-frequency power out (peak) 

Transmitter-frequency range 

Receiver-frequency range 

Receiver sensltlvlty (narrow l-f) 

Receiver sensltlvlty (wide 1-f) 

Receiver, 3-db bandwIdth (narrow 1-f) 

Receiver. 3-db bandwldth (wide I-f) 

Local-oscillator settablllty 

Tra”sm,tter settablllty 

Power co”su-“ptlo” 

Dl”le”slO”s 

Weelght 

4okw 

945 - 1005 MC 

1168 - 1228 MC 

-85 dbm 

-82 dbm 

1 MC 

5 MC 

50 kc 

50 kc 

180 watts at 115 volts, 400 cps 

Standard ATR base, 10 l/4 
Inches high 

47 pounds 

THEORY OF OPERATION 

A w,r.“g diagram of the VPDI ,s shown 1” Fig 6 Operatm” of the VPDI IS controlled 
by the master oscillator V401 This oscrllator generates a” mrtlatmg pulse that ultimately re- 
sults I” two radm-frequency mterrogatmn pulses bang rad,ated from the transrmttmg antenna 
The master oscillator has two methods of operatmn controlled by the INT - EXT switch 5403 

When this switch 1s set to the INT positlo”, the master oscillator 1s self-triggering and 
the pulse repetltmn rate (prf) 1s determ,ned by the resistance and capacity I” the cathode clr- 
cmt of the thyratron relaxatron oscillator The resistance-capacitance clrcut 1s deslgned to 
produce 32 pulses per second 
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The other operatmg condltmn IS selected by turrung the INT-EXT switch, located OR 
the front panel, to the EXT posltxon. The master oscillator 1s no longer self-trlggerlng. 
because a “egatlve bias 1s applzed to its grid. An external trlggermg pulse of posltlve polarity 
1s applxd to the grid via the external synchromeatmn (sync) lack J401. The prf 1s determned 
by the external sou=ce of trlggermg pulses, since the osallator ~111 fire only once for each 
trigger Input. 

To avmd damagmg the modulator tubes when the mterrogator 1s mtlally turned on, the 
plate of the master oscillator IS grounded by relay K103. After a imed tr”e which IS deter- 
mx-ed by thermal tune-delay relay K104 has elapsed, relay K103 IS energmd and IS self- 
holdmg until the power 15 agan removed. 

The sharp posltlve =xse m the pote”ttlal of the master-oscillator cathode IS used to 
trigger the first modulator tube V402. The gas-trmde modulator tube rapldly discharges the 
charge stared I” the pulse hne Z401A. The discharge of the pulse-forrmng 11x-e through the 
prrnary wndlng of T401 causes a large, high-voltage, 2 l/2-mrcrosecond pulse to be gen- 
erated ,n the secondary w”dmg of T401. This pulse IS applied to the transmitter tubes V301 
and V302 and causes them to oscxllate at a frequency deterrmned by the cawty du”ensmns 
which a=e varxd by the external transmxtter-frequency control. The transmitter oscillates 
and produces radio-frequency energy as long as the high-voltage pulse 1s applxd. 

In addltm” to firing the fxrst modulator, the =,se II, patentlal of the master-oscillator 
cathode performs two other functmns, one of whxh 1s to make the keyer tube V417A heavily 
conductive during the time of the ilrst modulator pulse. Because of the low plate resistance 
of the conductr,g keyer tube, this effectively short-clrcuts the grrd clrcut of tl-e second 
modulator trigger tube V406 whxh IS p=evented from firing because of stray pick-up from 
the first modulator. 

The other functmn of the master oscillator 1s to drive the code-delay-lme driver V411. 
Prlcr to bang applied to the code-delay-law driver, the master-oscillator p&e passes 
through selector switch S402A. This selector switch has SIX posrtlons. The first posl+~o” 
transfers the pulse from the master oscillator to the code delay-lme driver. The second 
posltlon selects a pulse that has been delayed by 2406 for 1 l/4 “ucroseconds after leaving 
the master osallator. The third posltm” selects a pulse that has passed through a total of 
2 l/2 microseconds delay through 2406 plus 2407 and that IS ampllfled by V417B to =axse the 
level sufilclently to operate the code delay-11ne driver. Thus, no delay o= a delay of elther 
1 l/4 o= 2 1/Z microseconds can be added to the pulse derived from the master oscillator. 
The remaming three posltmns a=e used to deterrmne decode spacu-,g as explamed later. 

To supplement the variable delays avaIlable from the selector switch S402A, the 
magnetostrlctwe code-delay lone 2401 1s set so that each code co11 1s 1 l/4 microseconds 
short of the proper spaang. This allows the transmitter pulses to be set at the correct 
=pa=rng o= to be displaced f 1 l/4 rmcroseconds from normal, depending on the posrtlon of 
the selector switch S402A (mode tolerance control). 
S401A (mode control). 

The basx mode spacmg IS selected by 

The output of the magnetostrlc~ve code-delay 11ne 1s quite low and IS ampllfled by V405. 
The ampllfxd pulse IS apphed to the grid of the second modulator trigger tube V406. The 
purpose of the trigger tube IS to ~~1s.z the power level of the pulse sufflclently to fire the 
second modulator V407. When the second modulator fires. It causes the transmitter tubes to 
produce a 2 l/2-mxrosecond burst of radm-frequency power I,, a manner s~rmlar to that of 
the first modulator tube. Conttrol of the output radio-frequency power level may be accom- 

P 
hshed I” the trans”ussux, Lme through combu,atv,ns of a directional coupler, a lossy line 
attenuating cable), and a step attenuator. 

Reply pulses from a transponder are recexved by a separate antenna and are InJected 
Into the preselector. The preselector consxsts of two tunable quarter-wavelength lines that 
allow the deslred frequency to pass through to the crystal m,xe= CR301 but that attenuate 
signals whwh are removed from the deared frequency. 

To produce an lntermedrate frequency of 59 MC, a local oscillator operated 59 MC above 
the received frequency IS employed. The local oscillator IS tuned externally by the local- 
oSClllator turung control H, a marine= surular to that used to tune the transmitter. Signals a=e 
fed Into the crystal ,x-axe= after havmg passed through low-pass harmomc filter 2307. The 
harmomc filter by-passes to the ground undesired signals whose frequencxes bear a harmoruc 
relatlonslup to the DME reply frequency. 

From the crystal mxer, the energy 1s fed to the first stage of the mtermedrate- 
frequency ampl1her. The orIgIna Interme~ate-frequency amplrfier IS stagger-tuned to 
produce a bandwldth of 5 MC at 3 db down. A second, su~-~~la=, lntermemate-frequency 
amplifier was reallgned to produce a bandwldth of 1 MC at 3 db dowa 
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In add,tmn, a senslt~vlty control 1s prcvlded by the use of a variable bias on the second, 
thmd, and fourth mtermedlate-frequency stages The two lntermedlate-frequency amplifiers 
are mterchangeable 

The output of the lntermedlate-frequency amphiler 1s passed to the sp,ke suppressor V416, 
which prevents the mterrogator from passmg “arrow spikes beyond this stage Spikes can re- 
sult from mxse, from electrical equipment. and from DME transponders operatmg on ad,a- 
cent channels The spike suppressor 1s essentially a comcldence stage 1” which the video 1s 
applied undelayed to the control grid and 1s delayed 1 l/4 m,croseconds when applied to the 
suppressor gnd As a result. ,i the vtdeo pulses are shorter than 1 l/4 m,croseconds, no 
cmnctdence results and there IS no output from the colncldence tube, but If the pulses are 
longer than 1 l/4 microseconds, the comcldence tube produces an output pulse that contmues 
through the receiver 

The output of the spike suppressor 1s ampllfled by V418 and 1s applied to the grid sup- 
pressor ai the imal comcldence tube V419 I” addltmn, the output from V418 1s fed Into a 
stage slmllar to that used ,n the transmitter se&on to provide a chace of no delay, 1 l/4- 
microsecond delay, or 2 l/2-microsecond delay The mode-tolerance control S402B selects the 
desired output to drive the decodmg delay-lme driver V403 By the adJustme”t of the decodmg 
delay hne 2402 so that each decode delay 1s 1 l/4 rmcroseconds short of the proper delay, a 
cbmce of decodmg spacmgs l 1 l/4 microseconds 1s available on any mode The basic decade 
spacing 1s selected by mode control switch S401B 

The output of the decodmg delay lme 1s amphfled by V425 and 1s applied to the control 
grid of the imal colncldence tube V419 If the reply sxgnals from the ground transponder are 
of the proper spacmg, camcldence will result when the mode-tolerance control switch S402B 
1s set to normal, that 16, a 1 1/4-m,crosecond delay 1s selected The colncldence output 1s 
brought to lack J402 for converuence ,n observmg the operatm” of the final comcldence tube 

FLIGHT TESTS 

A prelxnmary flight test was conducted dur,ng which It was d,scavered that the receiver 
sensltlvlty was Inadequate and that an externally controlled mtermed,ate-frequency bias was 
desirable The purpose of this ~rnt,al test was to determine the pract,cabll,ty of tunmg and 
ad,ustz”g the VPDI to the desired transponder by the use of the oscilloscope as a tumng and 
pealung lnlcator. After the necessary adtitmnal modlficatmns were made, the eqlupment 
was tested on a more extensive illght. 

The techmque employed III tunmg to the transponder under test consisted of the followng 
steps 

1 Set the mode switch for the proper mode, usmg normal posltmn 
2 Set the receiver frequency by the calibrated dial 
3 Set the transrmtter frequency by the calibrated dial 
4 Set the preselector d,al us,ng the callbratmn chart attached to the VPDI 
5 Observe the osc,lloscape connected to the receiver output of the VPDI 
6 Vary the transrmtter tunmg clockwse and counterclockwise unttl the transponder falls 

to reply on each side Set the transnntter tunmg to the center pomt, that IS. at proper 
frequency Th,s assumes a symmetrxal bandpass ,n the ground receiver 

7 By success,ve reductmn of the rece,ver sensltlvrty and by peakmg of the receiver-tunmg 
control, ascertam that the rece,ver 1s set exactly to the frequency of the transponder 
transmitter 

8 Observe the decoder output and operate the mode-tolerance switch to ascertam whether 
the code and decode spacxngs are proper 

It was noted that this complete procedure could be executed xn less than a mmute. which 
1s comparable to the search time of convent,onal mterrogators From this pant on, the opera- 
tor’s problem consisted only of checkmg the settmgs from txne to t,me to correct any drifts 
The short-term stablhty (one to two hours) of all adJ”stme”ts was excellent 

A total of SIX ground transponders were located wlthm operatmg range of this test flight. 
as llsted ln Table II It should be noted that this assortment of transponders represents half 
each of the reply and ,nterrogat,on channels assigned to the DME servwe and SIX of the ten 
modes 

Excellent coverage was obtamed from all statrons Typ,cal ranges at which synchromzed 
reply signals v,ere observed are shown ,n Table III 
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statmn 

Indmnapohs Glide Slope 

Indmnapohs VOR 

TDEC Expermental 

Toledo VOR 

Dayton VOR 

Goshen, Indmna, VOR 

TABLE II 

TRANSPONDERS EMPLOYED IN VPDI FLIGHT TESTS 

Reply 1nterrogatmn 
Frequency Frequency 

(MC) (MC) 

1191 0 986 0 

1208 5 971 0 

1188 5 973 5 

1201 0 986 0 

1211 0 966 

1208 5 978 5 

TABLE III 

TYPICAL RANGES OBTAINED WITH VPDI 

statmn Range 
(statute mles) 

“Indianapolis VOR 153 

TDEC Eapermental 144 

+Toledo VOR 132 

Indv.napol,s Gltde Slope 129 

*Goshen VOR 124 

*Dayton VOR 78 

“Maximum ranges obtamable at altitudes mdlcated 

Mode 

C 

H 

E 

G 

I 

A 

Altitude Above Ground 
(feet) 

10,000 

10,000 

8,500 

10,000 

8,000 

2,500 

The asterisk represents maxm,,urn ranges obtamable at the altitudes mdlcated, the 
unmarked entnes were smply random observatmns. All of the lmmt ranges are m excess of 
the theoretical maxuna for lme-of-sight radm propagatmn. operatmn of convei-Itlonal Inter- 
rogators at the dlstances recorded 1s rare, a fact whxch mdlcates that code-spaang frequency 
mcompatlbllltvzs between the mterrogator and the transponder usually exist to a certam 
degree ather smgly or in combmatmn or that eltber power or sensltlvlty 1s degraded 

In January 1954, the VPDI was mstalled m a B-36 amcraft at Ellsworth Air Force Base, 
Rapld City, South Dakota, and durmg a subsequent 14-hour fhght, round-trip &stances up to 
250 miles were obtamed at 40,000 feet At 15,000 feet, round-trip distances 1n excess of 200 
miles were obtamed. At 40.000 feet, a one-way signal (ground-an) was obtamed at 314 miles 
with good signal-noise ratlo. 
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CONCLUSIONS 

The VPDI IS an extremely versatlle mstrument for mvestzgating field-strength patterns 
and the effect of the system mstablhtles. The flexlblllty of the VPDI pernuts exammntmn of a 
specxfic DME system vanable while the reman-ung vanables are mantamed under close control 
Use of external test equpment will per-t mamtormg of ground-statmn operatmg character- 
lstlcs The VPDI should also be a useful tool for exammmg multlpath mterference and for 
photographx recordmg. 
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