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EXTERNAL WWER MONITORING 
OF THE MODEL DTB DME TRANSPONDER+ 

SUMMARY 

This report describes a modzfxcatmn of the Model DTB d&axe-measurmg equpment 
whxch assures a posxtlve exammatmn of the radmted power output and characterrstxs of the 
emltted signal As opposed to the exxtmg monitor wherem the output power ls sampled m the 
radm-frequency transmlssmn lme cxrcult, the new monitor samples radiated power Opera- 
txonal use of the Model DTB equipment has shown that the present momtor system does not 
adequately detect power-output varlatmns of the reply s,gnal. In tbas report another modzfica- 
tlon 1s outlmed whch improves the hnearzty and stabllxty of the monxtor power-detector cxrcux- 
try and provides a less cr,t~al ad,ustment of the monitor power-threshold control 

INTRODUCTION 

The Model DTB &stance-measurmg equpment (DME) 1s a modern aeronautxal navlgatzon 
apparatus whxh Includes a dual transponder mstallatmn and automatic control and transfer 
equpment. Pertment performance characterlstlcs of the operatmg transponder are tested con- 
tmuously by two monitors. one of whxh performs m effectrng transfer action. As long as the 
controllmg monitor 1s “satisfied” with the performance of the transponder, it ~111 remaxn on the 
air. If the transponder performance does not remain wlthm the preset alarm lmxts of the mon- 
ztnr. however. transfer to the alternate transponder ~111 occur. Should the operatron of the sec- 
ond transponder fall to satzsfy the monitor, a slmllar actron occurs wvlth the second rmxutor 
contrallmg. Should the second mon,tor he dlssatlsfied w,th both transponders, automatzc 
shutdown of the statux, occurs. 

The design of the oragmal Model DTB momtorlng eqmpment was such that all morutored 
signals were derxved from cucult pants wltbm the equpment cabmets. Thrs arrangement was 
not entirely satzsfactory because failure or malfunction of the antenna, its transmxsszon lme. 
the radm-frequency (rf) filter, or the antenna transfer switch resulted 1~ loss of radiated 
power. or may prevent arcraft mterrogatmn signals from reachmg the ground-statmn 
receiver. Failures xn the transmlsslon line and antenna system have occurred occasvx,ally. 
Such falures usually are unnotxed unt,l a fight report reveals the condltlon. except when the 
failure occurs I,, the antenna transfer swrtch. For example. a shorted or open-clrcult condltlon 
m the transmlssxon lxx beyond the transfer switch can result x, a high zmpedance pomt at or 
near the power-detector couplmg probe I,, the coaxial Ime due to the hxgh standmg wave. In 
such a case the power molutor may detect a normal or excesswely lugh voltage even though the 
radiated power may be neghglble and no alarm or transfer actlon results. 

The use of an external monitor antenna m the xnmedlate field of the Model DTB antenna 
wfil permit duect measurement of relative rad,ated power from the transponder antenna. Any 
loss of radiated s,gnal due to faxlure or malfunctvx, of the transponder, the transmzsmn lme. 
the antenna transfer swxtch. or the Model DTB antenna then xv111 result zn an alarm condltmn and 
subsequent transfer to the standby transponder, the standby momtor, or shutdown. 

In consxdermg employment of an external molutor antenna. the type of antenna to use and 
Its locatmn are unportant. Basxally. the antenna must have broadband characterlstlcs such 
that It can operate satlsfactor,ly over the entlre reply-frequency range of the transponder. 

Several m,portant conslderatmns govern the chace of locatmn of the molutor antenna and 
associated detector. The exlstmg power-momtor clrcutry requires a video-pulse level of 
less than one volt at the rnpput tube for satxsfactary aperatvan. Locatmn of the monitor antenna 
and detector I,, close proamlty to the Model DTB antenna 1s essential to obtam thrs requred 
signal level wIthout addmg vzdeo-amphher stages whxh would contribute to compleuty and 
sources of falure. Further restnctx,ns are m,pased when the DME faclllty IS mstalled at a 
very-high-frequency omrurange (VOR) rite because the placement of monitor antennas on or at 

*Manuscr,pt subnutted for pubkcatlon March 1957. 



Fig 1 Unmodlfled DTB Monitor Power-Detector Cmcmt 

the edge of the caunterp-xse mvght have an adverse effect on the VOR radmtmn pattern and 
which might mtroduce bearmg errors 
be weatherproofed adequately 

It 1s essential also that Che external antenna assembly. 

Another defxmncy In the exlstlng power-monltoring cxrcuxt 1s the dlffxulty m adjustment 
of the power-threshold level for alarm operatmn Field experience has Indicated that the 
adjustment of the momtor power-threshold control 1s extremely crltzcal This condrtron IS 
caused m part by mstabrhty of the power-detector clrcuxts which results cccasmnally m need- 
less alarm and transfer actmn Investxgatmn of the problem also has revealed that the power- 
detector system does not always exhlblt a lmear relatmnship between detector output and Input 
as It should In order to sense transmitter power-output varmtmns properly For optimum 
operatmn of the power-detector system, the rectlfled and amplrfmd sIgna voltage must be 
proportIona to the rf voltage at the detector. 

The modlflcations developed and described m this report adequately elmnnated the 
speclfred deficiencxes and Improved the relmblllty of the Model DTB transponder equipment 

POWER-MONITOR OPERATION 

The Momtor-Test Generator produces a par of pulses whxh, If accepted by the receiver, 
trigger the transmrtter A sample of the transmrtter rf reply slgnal 1s fed to a detector and 
rectlfled The video envelope of the rf pulses 1s returned to the momtor Input clrcult at J-5060. 
See Fig 1 These signals are fed to the power-detector ampllfler tube V-5180. a twm trmde 
The Input trmde 1s simply an amphfler. whereas the second sectmn 1s an amphfler with vary- 
able b,as. The bias 1s adJusted so that a speclfx Input-power level to the detector 1s necessary 
to produce the mmxnum voltage amplitude required to trigger the followmg multlvlbrator cir- 
cults Normally the bias 1s set to that value which results m a dlscontmuatmn of trrggermg of 
the followmg multxwbrator stages due to msufflclent pulse amplitude at TP-12 when the 
transmitter peak output power 1s 3 5 kilowatts (kw) or less 

In order to sense transmxtter power-output varxations properly, lt was necessary that the 
power-momtor system pronde a lmear response throughout the required power range In the 
arlginal clrcmt. V-518OA was not necessarily lznear because of the variable cathode bias and 
possible varmtmns of other parameters It was desired that the amplitude of the multlvlbrator 
trlggermg voltage at TP-12 be directly proportmnal to the peak rf voltage at the power detector 
Thus, If the transponder peak-power output ( and hence the detector peak-power Input) 1s 
doubled, the peak voltage at TP-12 ~~11 Increase by a factor of 1 41. It was lmperatlve that the 
Itnear functmn be closely followed In the range of transponder-power output from 2 5 to 5 0 kw 
because the operatmnal requirements of the Model DTB equlpment specify alarm and transfer 
actlo* at 3.5 kw. 

The estabhshed procedure for power-threshold adJustment calls for settmg the 
power-threshold control for an alarm condltmn when the amplitude of the detected ldentrty 
pulse drops below a value equavalent to a third pulse-power output of 3 5 kw This 1s an 
extremely critical adjustment, and the stability of the power-detector video-arnpllfier stages 



Fig 2 

t be excellent to avoid voltage-gam changes whxh, ln effect, would provide false mdxatmns 
power-output level For mstance. If the gam of one of the video-ampllfler stages were to m- 

se, thzs varxttmn might result m contuned trlggermg of the reply multlvlbratar even 
lough the output power may have dropped below 3 5 kw 

Exammatmn of the cxrcuxt m Fig. 1 shows that as the power-threshold control R-5186 IS 
rled. the bms and hence the gam and l~near~ty of the power detector V-5iBOA also are 

_ d. Testing revealed that the bias voltage IS relatively unstable Fqure 2 Illustrates the 
pxal effect of vanatmn m output level at TP-12 for small changes I* bias voltage Further, 
rotatmn of the power-threshold control of approximately one degree was sufficient to change 
e blae voltage by 0.5 volts It was concluded from field reports and laboratory mvestigatmn 

t the required stablley could not be obtamed wt8 the eushng cxcuxtry 
Ln order to effect optunum lmearxty of the power-detector cmcmtry, zt was found 

reaaary to fix the bias of V-5180A and to adJust the vxdeo-slgnal level (power-threshold con- 
al) at a pamt I* the clrcult whmh does not affect the lmeanty of the system Flgure 3 shows 

results of tests made to deterrune the optnnum bns voltage for V-5180A. This curve 

A&K PULSE YOLTACE &T ROTOR OF R-5186 wg 

Fig. 3 Pulse Voltage TP-12 Versus Pulse Voltage at Rotor of R-5186 



Fig 4 Mo&fled DTB Monitor Power-Detector Grant 

mdxates that a bms voltage of 3 5 volts, M 5 volts, ~111 promde an adequately 11near respon 
wulthout reqummg specml selection of replacement tubes 

Power-Momxtor C~rcut Modlflcatmns 
I,, order to tie down the bms, the cncu~t modxfxatmn requred substitutmn of a smgle 

330K. 5 per cent, l-watt resxstor to replace the 470K reslstor R-5187 and the 1OOK reszstor 
R-5186 See Fig. 4. The 330K resIstor v,as designated R-5107 The cathode of V-518OA. pm 
was connected to the ~unctmn of R-5187 and R-5185 The bms of 19~s stage then assumes an 
essentmlly flxed value. The orlgmal power-threshold potentmmeter R-5186 was removed 
from the equzpment. 

Power-Threshold Control 
A new po,“er-threshold control designated R-5186 was installed and connected at the mo 

logical cxrcult pomt. that IS, at the rnput to the power detector J-5060 ThlS potentmmeter wa 
mounted at Its or~gmal locatmn on the small panel door below the signal generator to retam u 
of the panel deslgnatmn markmg The value of the threshold potentmmeter was changed from 
100,000 ohms to 100 ohms for reasons to be explamed later 

Wzth the or~gmal mternal detector probes connected to the n-m&fled cmcult at J-5060, 
ad,ustment of the monitor power-threshold control may be accomplished 11, accordance wulth tl 
exlstmg procedure after proper readJustrent of tbe mternal detector-couplmg probes 

The modlfxatmn prcwded stabl1G.y of the monitor power detector cxcults by makmg the 
gam and lmearity of V-518OA mdependent of the settmg of the power-threshold control Fur- 
ther. the ad,ustment of the threshold control 1s not extremely crltxal. Flgure 4 shows that a 
test ,ack. J-5061. v,as provided for checkmg the amphtude of the detected transmxtter pulses 
and for vrewmg the shape of the pulse envelope when a suitable coanal cable from tbu Jack w 
connected to the external video-mput connector of the test unit synchroscope. The test lack 
was mstalled ,ust below the power-threshold control for convenience 1x1 comectmn 

External Power-Detector Mo&fxatmn 
Two nnportant requuements governmg the design of the external momtor antenna and 

assocmted detector assembly were that the external detector system provide a lmear respm 
and at the same tune provide the required amplitude of pulse voltage at J-5060 to operate the 
modlfled power-momtor cmcult shown m Fig 4 Tests usmg an oscilloscope mdlcated that a 
mrumum of about 0.32 peak volts 1s requred at R-5188 to produce about 31 peak volts at TP- 
for full-count tnggermg of the reply multlmbrator The peak voltage at the rotor of the 
threshold control R-5186 for thm canditmn 1s about 0.64 volts 

These values are approumate and they ~111 vary because of tolerances m manufacture * 
the external morutor antennas. var1atmns m output level of particular crystals m the external 
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F,g 5 Typical Output Characterlstxs of lN25 Crystal 
u, Sierra Model 148 Detector 

e.-to*, and tolerances m components and the mutual conductance of V-5180 and V-5190 In 
’ r to make allowance for these varmbles and tq provide an adequate range of adJustmat 

mg the threshold control R-5186. >t was concluded tbhat the deszgn of the external detector 
-tern should be such as to pronde a design center value of appraumately 1 7 peak volts at 
5060 when the transponder peak-power output 1s 4 0 kvr 

The spec~ficatzons far the Sxrra Model 148 crystal detector mdxated that these units 
vght be utlhzed successfully m the external monitor detector apphcatmn. It was necessary, 
~wever, to determre If the lN2lB crystal usually employed ,n the Sxerra Model 148 detector 
,uld handle the peak power-mput requrements wdh an ample safety factor Tests mdlcated 
at III order to arrxve at the deszgn value of 1 7 peak volts across a loo-ohm load at J-5060 
r a power output of 4 kw, about 200 mllllvatts peak-power Input to the detector would be re- 
ured At 6 kw output. the detector peak-mput power would be approamately 300 mllllwatts 
,e burnout pulse power of a typxal 1NZlB crystal 1s hsted as 2.5 watts.l Because there 1s a 
tided lack of unforrmty vnth regard to the burnout pomt for crystals of a given type, to reduce 
e posslblhty of burnout from external static chargee, It was concluded that tbe lower frequency 
125 crystal, wtb a nammal burnout pomt of 15 watts peak-pulse power, should be employed 

Theperformance characterlstlcs of the Sierra Model 148 detector with a lN25 crystal 
e such that the peak video-output voltage 1s essentially a hnear functmn of the peak rf mput 
. ge. wltbm 10 per cent The response curves of Fig. 5, showmg the detector peak-output 

ge ver8us transponder peak-power output. Illustrate very close adberance to lmearlty for 
of 13 lN25 crystals tested m a typxcal Sierra Model 148 detector 

It was recogmzed that the svgnal at the detector output should he an accurate reproductmn 
the rf envelope of the transrmtted reply pulses and that It would be advantageous to be able 
examme this sxgnal at the transponder test urnt wltb the oscilloscope. This reqlured that the 

cted video slgnal be transrmtted over a caaaal cable which IS termmated at the monitor 
,wer-detector mput cxclut m a resistance equal to the nommal impedance of the cable In or- 
r to match the xnpedance of the Type RG-62lU cable, a lOO-ohm termnntmn resxstance in the 
rm of a patentmmeter was substituted for the 270-&m termlnatmn used m the orlgmal 
*cult Lower values of cable and terrrunatmn nnpedance were avoIded because a hgher 

ertor-mput power would have been required to abtam the same output voltage 
Some dlffxulty was experienced in deslgnmg a pxkup device wluch would satisfy all of the 

qurements of the external momtor system. It was demonstrated that Hazeltine Model DID-2 
rrogatnr antennas, mounted m an Inverted posxtmn at the Model DTB antenna base plate by 

* ‘e brackets, provided suffluent signal for momtormg purposes with no measurable 

I 
Henry C Torrey and Charles A Whltmer, “Crystal Rectlflers,” Massachusetts 

Ae of Technology. Radntion Laboratory Serxs, Vol 15, McGraw-H111 Book Company 
c.. New York, 1948, Table 8-3, p 262 
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Fig 6 Frequency Response of Typxal PIckup Loop and Detector 

effect an the VOR course Each of these antennas was connected to Its assacmted Sierra 
Model 148 detector by a short length of coaual cable Effective as this arrangement was. the 
high cost of two such antennas for each of approumately 450 DME fac,l,t,es precluded 
utduzatmn of th,s assembly 

Another attempt to fmd a sutible and econom,cal means of external monltormg of the 
transponder output resulted ,n the use of small halrpm loops mounted on the Model DTB 
antenna base plate These pIckup loops provide an essenttlally flat response over the entlre 
reply-frequency band as shown by F,g 6. and they have no detectable effect on either the VOR 
course or transponder antenna pattern Moreover. the cost of the pIckup loop assembly 1s 
very ncmmal compared to that of the Model DID-2 mterrogator antenna The fmal design and 
mountmg detals of the pxkup loop assembly are shown m Figs 7 and 8 It should be noted 
that the plane of the loop IS parallel to the plane of the Model DTB vertical radmtors. Thx 
prowdes a maxunum signal w,th a m,n,mum of loop length When a typrcal lN25 crystal 1s 
used III the detector, proper operatmn of the mon,tar 1s obtamed at about 50 per cent ratatxon 
of R-51.96 

F,g 7 DTB External Monrtor-Antenna Installation. 
Monrtcr P,ckup Loop Assembly Type 2 



Fig 8 DTB External Momtor Modlflcatmn Type 2, 
Momtarmg Antenna Assembly 

CONCLUSIONS 

External mamtormg of the Model DTB DME with the motificatmns described m thm 
port. pernuts autornatx external monltormg of the entue faclllty for the first hme The 
*cut modlfxatmn makes the gam of V-5180A and the hnearlty of the entme momtor 
iwer-detector system mdependent of the settmg of the transponder power-threshold control 
le adJustment of the power-threshold control IS made consrderably less cbfflcult. and the 
ocedure to be fallowed m 6x6 adJuStmen* 1s not changed 

The efficacy of the modlfxatlons has been confumed by more than SIX months of 
operatmn wIthout failure or malfunctmmng of the external detector or the motired 

rcmtry. 


