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DEVELOPMENTS IN DME INTERROGATORS 

SUMMARY 

This report describes some of the 
xnprovements which have been made to al=- 
borne distance measuring equlpment since 
dellvery of the first lOO-channel equipment 
Only the mterrogator, which 1s the airborne 
part of the equipment, 1s dlscussed No 
attempt 1s made to describe general prln- 
clples of distance measuring equipment. but 
rather a descrlptm” of the more recent 
mxprovements I” clrcu,ts and techniques 1s 
given 

INTRODUCTION 

The purpose of this report 1s to make 
avallable to potential manufacturers and 
users of distance measuring equipment 
(DME) the laboratory and flight experience 
gamed with the more recent DME mter- 
rogators at the Technical Development and 
Evaluation Center of the Clv11 Aeronautics 
Adml”,stratlon The work herel” described 
has bee” conducted under a program speclfi- 
tally deslgned to determine the combmat.on 
of techniques and clrcults most likely to 
provide a reliable DME mterrogator which 
meets operatlanal requirements In the 
process of this mvestlgatmn. It has been 
necessary to modify the equipment I” order 
to meet these aperatmnal needs and to pro- 
vlde the required rel,ablhty These ,-no&h- 
catlons are described I” detail I” many 
cases, xnprovement was achieved through 
the substltutlon ot nnproved components 
which have bee” developed since the equ,p- 
ment was orlgmally deslgned In other cases, 
a re-exarm”at,o” of the requ,reme”ts and 
the llmltatlons of the DME system has 
necessitated modlficatlons 

In recognltm” of the rapld and recent 
progress made 1” the art of DME and 1” the 
fluctuatmg system requirements. the reader 
should not construe the contents of this re- 
port as reflectmg crltlclsm on the deslg” of 
any of the equipment dIscussed Such 1s not 
the Intenttlo” 

This report discusses recent develop- 
ments l” DME Interrogators by descrlblng 
both the earlier experxnental Interrogator 
of the Haeeltme Electronics Corporatmn and 
the more recent FTL Model DIA productlo” 
prototype mterrogator of the Federal Tele- 
comm~lcatlo”Laborator~es,I”c It presents 
test data for both and also a” explanatmn of 
the changes made to the FTL Model DIA at 

this Center A brief d,scusslon of new test 
equipment and other related subJects 1s 
Included 

DESCRIPTION OF EQUIPMENT 

Before dl s cus s ,“g the differences 
between the types of equipment, It IS well to 
note their slmllarltles Some of the more 
sallent features that are common to both are 
1,sted I” Table I Both mterrogators xv111 
operate w,th the Haeeltme Model DTB ground 
transponders, which are to be mstalled at 
very-high-frequency omnlrange (VOR) and 
at mstrument landmg system (ILS) sites 
throughout the Unlted States However, the 
Hazeltlne Interrogator IS a” early experl- 
mental model, whereas the FTL Model DIA 
equipment 1s a preproductmn model Some 
of the ma,or differences between the two 
types of equipment are shown I” Table II 

The apparent complexity and lack of 
automatx,ty of the Hazeltme unit 1s due to 
the fact that the particular model made 
avaIlable was a converted 50-channel mter- 
rogator I” order to make a lOO-channel one 
avalable at the earllest possible date and 
solely for purposes of system evaluatmn, the 
contractor was mstructed to disregard auto- 
matlc features, form factor, and packagmg 
The Hazeltme and FTL mterrogators are 
shown 1” Figs 1 and 2 Fig 2 shows one of 
the Model DIA subchassIs removed from the 
Mann chassis 

Operatmn 
The FTL ,“terrogatar IS desIgned for 

remote-channel selection Mode selectmn, 
preselector tunmg, and lmntmg of the auto- 
mat1c frequency control (aft) are accom- 
pllshed automatically when the transmitter 
and receiver frequencies are selected The 
Hazeltme Interrogator requires that the 
transmrtter frequency, receiver frequency, 
preselector, and mode be set mdependently 
For experxnental purposes, the Hazeltme 
equ,pme”t has sane advantages because of 
Its greater flexlblhty For example. If the 
transponder at the ground statlon 1s not bang 
trlggered, the transmitter frequency of the 
mterrogator can be placed mdependently on 
either of the adJaCe”t channels, and, If the 
transponder responds, this fact IS evidence 
of frequency dlfficultles ather at the al=- 
borne transrmtter or at the ground receiver 
Nevertheless, as DME IS added to the airways, 
remote-channel selectIon 1s mvaluable 



TABLE I 

COMMON FEATURES OF HAZELTINE 
AND FTL MODEL DIA INTERROGATORS 

Feature Descrlptmn 

Transrmtter aft. stablllty +400 kc 

Receivers crystal-controlled 
superheterodyne 

Receiver frequency 1188 5 to 1211 0 MC 

Transmitter frequency 963 5 to 986 0 MC 

r-f pulse width 2 5 mIcroseconds 

Channels 100 

Dmtance 100 naut,ca1 nnles 

Trackmg-pulse 30 pulse pa,rs per 
repet1tmn frequency second 

Antenna mpedance 50 ohms 

Indtcator clock type 

Fig Z FTL Model DIA lOO-Channel Interrogator 
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TABLE II 

COlVIPARISON OF HAZELTINE AND FTL MODEL DIA INTERROGATORS 

Feature 

operation 

Channel selection 

Power cons”mptlon 

Number of tubes 

Rece,ver 

Intermedx&-frequency 
ampl,f,er 

Transrmtter aft 

Rangmg clrcult 

Memory clrcu,t 

r-f power output 

Weight 

SlZP 

Hazeltme 

Local and Manual 

Manual 

350watts, 400 cps 
15 watts. 26 “olts d-c 

90 

One-crystal frequency 

Var,able frequency 

Multiple oscillators 

Lmear saw-tooth 

M,ller run-down c~rcult 
and posltmn memory 

2 5-kIlowatt peak 

104 pounds 

Approxxnately 2 l/2 alrcraft 
transportation racks (ATR) 

FTL Model DIA 

Remote and automatic 

Motor-driven 

285watts. 400 cps 
II watts, 26 Volts d-c 

60 

Multiple-crystal 
frequencies 

Fxed frequency 

Smgle oscillator 

Incrementtal phase 
comparison 

Thermal relay and 
“eloclty memory 

l-k&watt peak 

58 pounds 

Approvmately 1 ATR 

Remote-channel selectmn has been 
combmed with the VOR omn,range control 
head so that selectlon of the desired VOR 
ground statmn automatically causes the Inter- 
rogator to select the correct DivIE channe! 
as set up I* the DME and VOR palr,ng plan 
selection 0f a very-high-frequency (VHF) 
commumcatmn frequency above 117 9 mega- 
cycles (MC) disables all power to the DME 
This system U, conJunctmn with the Sperry 
rotatable panel plctarlal computer ,s used ,n 
airplane N-181 at this Center The p&t’s 
VOR rece,ver 1s paxed with one Interrogator 
and that of the co-p&t 1s palred with the 
other mterrogator Thus, in the event that 
either of the VOR receivers or of the DME 
mterrogators fall, the computer can be 
swltched to the stand-by system 

18, DME System Characterlstlcs (Tran- 
sltlon Permd).” Radio TechnIcal Commission 
for Aeronautxs (RTCA) Paper 121-48/DO-24, 
Reportof Special Cnmrmttee 40,Dec 15. 1948 

Channel SelectIon 
Remote-channel selectmn ,n the FTL 

Model DIAmterrogator IS accomplished by a 
wafer-switch follow-up system When the 
dr,ve motors of the drum are energxeed “,a 
relay, the drum and Its follow-up wafer 
switch rotate until ground 1s found At this 
tune the relay 1s energized and opens the 
dr,ve-motor c,rcult The crystal drum has 
ten flat surfaces with mtersectmns which 
actuate a mlcroswltch ,n series with the 
follow-up wafer switch so that the turret 
~111 be stopped at exactly the right posltmn 
for the crystal contacts Dlfferentlally 
geared to the crystal-turret shaft are two 
addItIona wafer switches which rotate at 
three times the speed of the receiver turret 
and synchronously w,th the transmitter tur- 
ret These switches are wired tothe encodmg 
and decodmg delay lmes and thus automatl- 
tally select the correct mode for the channel 
II-8 use The crystal turrets also drive two 
cams and two lever systems whereby the 
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preselector catty 1s tuned and the aft hrnlt 
switches of the transmitter are posltloned 

Number of Tubes 
The FTL eqmpment has a total of 60 

tubes, a savmg of 30 tubes over the earlier 
Haeeltme equipment A clrcmt-by-clrcult 
comparison would be meamngless because 
the two lands of equipment are not compara- 
ble m such d&all However. It can be sad 
that large savmgs In tubes were effected m 
the traclcmg. aft, and mdlcatm drive clrcmts 

Receiver Tumng 
The Haeeltme receiver uses a fixed- 

frequency crystal oscillator and multlpher 
cham to feed the rnlxer The mtermedxate 
frequency 1s &fferent for each channel set- 
tmg of the receiver, and the mtermedlate- 
frequency amphfler 1s step-tuned at each 
channel (frequencies 41 25 to 63 75 MC) by a 
ten-posItIon wafer switch for each stage As 
the channels are selected, the mtermedlate- 
frequency bias 1s changed and thus provides 
constant gam 

The FTL Model DIA receiver contams 
one oscillator with the channel frequency 
determmed by the crystal Inserted by the 
crystal turret The rmxer has a constant 
mtermedlate-frequency output at 30 Mc It 
1s beheved that the method used by the Fed- 
eral Telecommumcatlon Laboratories 1s the 
more desirable because It slmphfles the 
mtermechate-frequency tumng and lends 
Itself readily to remote-channel selectmn 

AdJacent-Channel ReJectlo* 
Radio-frequency (r-f) signals f r o m 

transponders operatmg on a channel adJacent 
to the des,red one (~2 5-Mc channel separa- 
tmn) have a tendency to develop signals on 
the desired channel In order to prowde the 
attenuatmn required to prevent such pulses 
from reaching the trackmg clrcults, the 
HazeltIne mterrogator employs a spike- 
suppressor clrcult and a rather narrow 
mtermechate-frequency bandv,ldth (approxl- 
mately 1 3 MC) Pulse signals of the adJacent 
channel appear on the selected channel as 
two spikes with a low plateau between them 
They are usually less than l/2 mIcrosecond 
m duration The enhre video pulse, which 1s 
2 5 microseconds long, 1s fed via a I l/4- 
microsecond delay lme to the blared control 
grtd of a comadence tube and to the biased 
suppressor grid The resultant pulse output 
for wanted video pulses has a duratmn of 
about 1 l/4 rmcroseconds, but the signal 
spikes of the adJacent channel are ehmmated, 
5mce the pulse plateau between the spikes 1s 
of such low amplitude that ,t cannot cause 
conduction 

The FTL mterrogator employs a rather 
wide IntermedIate-frequency bandwIdth of 
about 6 Mc and a Ferris d~scrxnmator to 
reJect signals from adJacent channels The 
mtermedlate-frequency sIgna 1s applied to 
the dlscrxnmator. which 1s tuned so that It 
has a negative wdeo output at the IntermedIate 
frequency of 30 MC and a pos1tlv.e output at 
IntermedIate frequencies of 27 5 and 32.5 MC 
The dlscrlmmator output 1s amphfied by an 
ampl&er that 1s sensltlve to polarity Ttus 
c,rcult provides a high degree of reJectlo*. 
70 decibels (db) to adJacent channels and 
somewhat less reJectIon to channels displaced 
more than 2 5 Mc 

Both methods of adJacent-channel 
reJectlo* are acceptable and have performed 
well durmg fhght and bench tests The over- 
all effective bandwidth of each clrcult IS 
about 1 2 MC The number of tubes requ,red 
for adJacent-channel reJectIan 1s approxl- 
mately the same either for spike suppression 
or for the Ferrx dlscrlrnmator 

Transnntter 
A Crystal Oscillator and Frequency 

Multlpher 
The transrmtter of the FTL Interrogator 

has a smgle osallator clrcult and a crystal 
turret very slm,lar to that used m the re- 
celver This clrcult utlhzes one trlpler and 
three doublers The Hazeltme clrcult uses 
ten crystal oscillators and a doubler, the 
sxth harmomc beats with the transrmtter 
output frequency lhe Model DIA clrcult re- 
qulres fewer tubes, and It switches crystals 
for channel changmg The HazeltIne clrcult 
connects Bt power to the desired channel 
oscillator Electromcally. both clrcults are 
of sound design 

B Automatic Frequency Control 
Both lands of equipment employ 

mtermedlate-frequency amphflers. a dls- 
crlmlnator, and motor-drive clrcmts The 
clrcults are smular except for the motor 
drive The Hazeltme clrcult drives the aft 
motor In only one d,rectlon durmg frequency 
search, regardless of the channel and fre- 
quency selected The oscillator-cavity 
plunger 1s posltmned by a cam which has a 
steep angle of clwnb for the retrace Tixs 
method mcreases the time required to get on 
frequency and requires addltlonal c~rcultry 
for blankmg the frequency retrace m order 
to prevent the aft from tracking an Image 
frequency durmg the retrace 

The aft lmnt switch on the FTL Model 
DIAmterrogator IS posltloned by the crystal- 
turret cam Tins lxnlt switch has two con- 
tacts, and It brackets the aft cavity-plunger 
motor-drive gear by about *l/8 Inch When 
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a channel 1s selected, the llmlt switch 1s 
reposltloned and makes contact with the gear 
which 1s electrically ground This actIon 
causes the motor-drive tube to conduct m 
such a way that the motor drives the cavity 
plunger m the correct dlrectmn unttll the 
llmlt switch breaks contact with the gear and 
the dlscrlmmator regams control of the 
cavity-plunger drive motor Th,s cxrcult 
reduces the frequency search time and the 
number of tubes requxred 

C Modulator and Transmitter 
The Hazeltme Interrogator uses one 

3645 modulator tube for each pulse and two 
2C42 transmitter tubes m parallel to provide 
a peak power output of 2 5 kllowatts (kw) 
The FTL Interrogator uses one 3D21A modu- 
lator and one 2C39A oscillator to provide a 
peak power output of lkw Both power-output 
figures are approximate The deslrablhty of 
the higher power output depends upon the 
relative strength of the air-to-ground and 
the ground-to-al* paths With the Increased 
receiver sensltlvxtles now avalable m the 
Hazeltme DTB ground transponder. the r-f 
power of the FTL Model DIA 1s sufficient 
Both kinds of equipment ~111 trigger the 
transponder at lme-of-sight distances In 
excess of 100 miles 

Rangmg Clrcults 
The distance measurmg clrcmts of the 

two makes of equipment differ greatly m the 
manner m which they measure the propa- 
gatlon time of the Interragatlon and reply 
signals In both, the effective time used to 
display distance LS the time from the begm- 
nmg of the second mterrogatlon pulse to the 
begmnmg of the second reply pulse minus 
the 115-mlcrasecond transponder delay 
The FTL Interrogator rangmg umts mvolve 
both electromc and mechamcal apparatus, 
whereas the Hazeltme clrcults are entirely 
electromc The HazeltIne equipment meas- 
ures time by the magrutude of a sweep voltage 
when the reply pulse appears on the sweep 
Tlus method depends on the comparison of 
the sweep voltage with a calibrated range 
voltage generated by a cathode follower The 
sweep voltage has a time base approximately 
equal to the hme required for a lOO-mile 
distance, or 1,300 microseconds Durmg 
search. the range voltage changes Its amph- 
tude over a period of about ten seconds, the 
search txne The sweep voltage 1s apphed 
to the plate of a diode, and the range voltage 
1s fed to the cathode of the same tube The 
trackmg gates are formed as the diode con- 
ducts This occurs when the sweep voltage 
equals or slightly exceeds the range voltage 

Durmg search, the time mterval between the 
start of the sweep voltage and the gate gen- 
eratmn gradually mcreases as the range 
voltage Increases, and this Interval repre- 
sents the posxtlon m time and distance of the 
trackmg gates Durmg track, the trackmg 
gates control the range voltage and cause it 
to n-crease when the reply slgnal E m the 
wide gate (20 mlcrosecands) and to decrease 
when It 1s m the narrow gate (10 micro- 
seconds) Trackmg 1s accomplrshed at the 
center of the wide gate and at the trallmg 
edge of the narrow gate The range voltage 
drives the distance mdlcator by means of a 
servo drive system It 1s evrdent that the 
range accuracy of this system depends upon 
the lmearlty of the sweep voltage and upon 
the callbratmn of the range voltage with the 
mdlcator A maxImum error of approxt- 
mately l 2 miles and a zero distance error 
of +O 5 mile have been experienced with this 
equipment llus method of distance measur- 
mg has been used extensively m surveillance 
and mllltary-early-warmng radars It 1s 
used for rmlltary fire-control radar only 
where the time length of the sweep voltage 
1s very short, usually less than 150 micro- 
seconds This method 1s mherently less 
accurate than the phase-shlftmg method used 
In the FTL equipment Shaft rotation which 
1s proportional to distance 1s wallable only 
by the use of a servosystem It 1s entirely 
electromc In nature and 1s quite adequate 
where extreme accuracy 1s not required and 
where a direct-current (d-c) mstrument IS 
used for distance mdlcatxon This clrcult also 
nas Instantaneous “Jump-back” which does 
not require any mechamcal motmn Jump- 
back 1s defmed as the lmtlatmn of search at 
less distance than the slgnal-loss distance 

The FTL mterrogator measures time 
by the sme-wave. phase-shift method The 
sme wave times the range clrcults and the 
transmitter, and It delays the range-clrcukt 
actlon by a measured number of electrlcal 
degrees The phase-shlftmg gomometer 1s 
mechamcally geared to the mdlcator servo- 
transmitters so that the mdlcator follows the 
angular posltmn of the gomometer The 
gomometer can delay the range clrcults by 
ten nautical miles, smce the sme wave has a 
frequency of 8,088 cycles per second (cps) 
AddItIonal delay for distances greater than 
ten miles 1s secured by the use of a phan- 
tastron with a maxImum delay of about 1,300 
microseconds, or 100 miles This addItIona 
delay IS required only for the posltlomng of 
the trackmg gates and has no effect upon the 
distance mdlcator The phantastron delay 1s 
controlled by a potentiometer which 1s also 
geared to the gomometer Thus, the error 



of the phantastron only needs to be less than 
* 10 m&s at any distance Early and late 
gates. each 10 mlcroseconds wide. are used 
for trackmg This 1s accomphshed at the 
trallmg edge of the early gate and at the 
leadmg edge of the late gate The over-all 
accuracy of this system 1s contmgent upon 
the frequency accuracy of the master oscll- 
later, the mcremental delay of the gomometer, 
and the zero distance cahbratlon This 
equipment 1s conslderably more accurate 
than the Hazeltme system The distance 
error 1s so small that It 1s dlfflcult to mea- 
sure accurately with present test equipment 
The range umt of the FTL has shaft rotation 
avaIlable for computer Input or mdlcator 
drive wlthout the use of an addltmnal servo- 
system This type of distance-measurmg 
clrcultry has beenused extenslvelym mlhtary 
fire-control radar where a very high degree 
of accuracy 1s required 

In the foregomg dlscusslon the error 
mtroduced by the mdlcator proper has not 
been consldered, smce either equipment can 
drive several different types of mdlcators 

Memory Clrcult 
Both systems use a memory clrcult to 

prevent the rangmg clrcults from commencmg 
search lmmedlately upon loss of sIgna and 
to posltlon the tracking gates advantageously 
upon receipt of the transponder slgnal 

The Hazeltme Interrogator employs a 
Miller run-down clrcult to develop the actual 
memory time between 5 and 20 seconds In 
addltlon, a capacitor IS charged during track, 
and at the completion of memory. tbs ca- 
pacltor 1s connected to the clrcult that 
generates the range voltage The capacitor 
voltage 1s of such polarity and amplitude that 
It causes the range voltage to decrease an 
amount equivalent to about ten miles Tha 
lmtlates search at a pomt less distant than 
the slgnal-loss pant and obvtates the neces- 
slty of a complete search m the event that 

the alrplane IS flymg toward the transponder 
durmg memory The net effect of this arant 
1s to provide a posItIon memory with Jump- 
back The trackmg gates are stationary 
durmg memory 

The Model DlA clrcult utlhzes a ther- 
mal relay to provide the memory time A 
memory capacitor 1s also used m this clr- 
cult, but It 1s used durmg memory to cause 
the track motor to contmue to track at ap- 
proxxmately the same rate and dIrection as 
It did lmmedlately precedmg memory This 
actmn 1s referred to as veloaty memory 
The Jump-back feature 1s not used m this 
clrcult The Instant the replles fall and be- 
fore the relays operate. another capacitor 
charge causes the velocrty voltage to become 
more posltlve ‘llus mcreases the charge on 
the memory capacitor and has the effect of 
placmg the slgnal pomt progressively more 
Into the late gate durmg memory This 
actmn results m the further appearance of 
the returned slgnal In the late gate and pre- 
vents the clrcmts from gang Into search 
upon the return of the signal, as they would 
If the slgnal returned ahead of the early gate 
The change of velocity voltage may be seen 
In Figs 3, 4, or 5 

Loss of the slgnal usually occurs when 
the aIrplane 1s In a turn or when the lme of 
sight from the alrplane to the transponder 1s 
broken by the curvature of the earth or by 
ground obJects If the lme of sight IS broken 
by these abstructmns, the pllot must select a 
different transponder or he must Increase 
altitude Consequently, the memory clrcult 
1s most valuable durmg turns when the wmg 
or some other arcraft structure Interrupts 
the lme of sight between the alrborne antenna 
and the transponder antenna Either posltmn 
or velocity memory 1s satisfactory Durmg 
turns when aDC-3 arcraft with either top or 
bottom fuselage antennas 1s used, the loss of 
slgnal 1s usually of very short duration (less 
than 10 seconds for banked turns of 30’) 

Fig 3 Velocity Voltage Usmg the OrIgInal Memory Orcult, Long Duratmn Reply InterruptIons. 
Slgnal Generator. and Rate Simulator 



Fig 4 Velocity Voltage Usmg the Orlgmal Memory C,rcmt, Rap,dly Fadmg Reply Signal. and 

MODIFICATIONS OF THE 
FTL MODEL DIA INTERROGATOR 

General 
The purpose of most of the modlflca- 

tlons described herem was to mnprove the 
rellablllty of the exlstmg FTL Model DIA 
mterrogators Some of the modlflcatlons 
were made to prcmde greater flemblllty and 
standardlaatmn Modlficatmns antmpated 
for the near future ~111 be made with the 
same obJectIves in mmd 

The FTL Model DIA was desqned 
to flllflll certain speclflcatlons 
Some of the modlflcatmns made to the equip- 
ment by thxs Center would not meet the same 
speclficatlons Nevertheless, It 1s believed 
that m many instances It 1s desirable to 
sacrifice some performance for a gam ,n 
rellaballty 

Memory circuit 
The memory clrcult used ,n the equp- 

ment as It was received from the manufac- 
turer cannot be rehed upon to outlast a short 
signal fade. at txnes memory ,s ent,rely 
absent Because of the dlfflcultles experl- 
enced at this Center with the orlgmal memory 
c1rcmt. an mvestlgatmn was mltlated to 
determme the cause of this unrelrablhty and 
If necessary to pursue the matter further and 
develop an mnproved clrcut The memory 
clrcut of the Model DIA 1s sound u, prm- 
clple, but the thermal relay destroys Its 
effectiveness 

Smce the memory arcult had been 
glvlng erratic operatmn, It was decided to 
record the openmg and closmg mterval of 

Fig 5 Velocity Voltage Usmg the Orqmal 
Memory Clrcut While the Transpon- 
der ‘33H 1s Bemg Tracked by the 
Interrogator Which 1s Statmnary 

the thermal relay at different amblent tem- 
peratures and after various permds of excl- 
tatlon and quiescence The relay was mounted 
on a breadboard ,n a controlled-temperature 
o”en The operatmn of the relay may be 
&vlded mto three separate phases 

Phase I Voltage 1s apphed to the ther- 
mal element of the relay, then heatmg 
occurs u-it11 the contacts open mt~ally 

Phase II Upon the opemng of the contacts, 
voltage 1s removed from the thermal element 
of the relay, and coolmg occurs unt,l the 
contacts agam close 
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TABLE III 

THERMAL RELAY OPERATION 

O”EIi? 
Termperature 

(degrees C) 

Relay 
NO 

Average T,me Values of Multiple Trials 

Phase I Phase II Phase III 
In,t,al Memory Recovery Second Memory 

(seconds) (seconds) (seconds) 

31 1 

31 2 

31 3 

31 4 

31 5 

7 80 11 75 2 78 

9 98 22 20 3 40 

8 00 I 20 2 72 

9 78 13 40 2 88 

8 80 11 98 3 00 

50 1 8 48 13 20 2 48 

50 2 10 42 20 00 4 00 

50 3 9 10 1 60 2 52 

Phase III Voltage 1s lmmedlately re- 
applied to the thermal element of the relay, 
and heatmg occurs until the contacts open a 
second tnne 

Reference to Table III xv111 readily 
dlsclose that 

1 The oven temperature d,d not have a 
pronounced effect upon the operatmn of the 
relay with,,, the temperature range used 
Temperatures w,thm the mterrogator average 
about 30” C above amblent 

2 The lnltlal memory time (Phase I) 1s 
not very consistent between relays 

3 The closmg time (Phase II) varies 
wdely 

4 The second memory time IS much 
shorter than the mltlal one 

Further study of the data presented in 
Table III reveals some of the Inherent short- 
comings of th,s relay which provides the 
memory in this type of clrcult The extreme 
var,at,on of operatmg tmx found ln these 
thermal relays makes them nanmterchange- 
able without prior testmg of mdlvldual relays 
For example, when relay No 2 1s used, the 
delay (Phase II) requred for this relay to 
close after It had opened makes It possible 
for a cond,tlon to develop in which there 
would be no memory This can happen ,f the 
mterrogator had prewously lost the reply 
sIgna and had gone mto full memory and 
search and had then locked on (found) the 

reply for only one or two seconds If the 
reply faded there would be no memory. su-,ce 
search has consumed 16 seconds, and ,t re- 
qures 22 2 seconds at room temperature 
and 20 0 seconds at operatmg temperature 
for this relay to close With the dust cover 
on. the aperatmg temperature ,n the vx,mty 
of the thermal relay stabllleed at 54°C (30°C 
above room temperature) after three hours 
of contmuous operatmn This leaves from 
4 0 to 6 2 seconds durmg which there could 
be no memory Table III also reveals that 
memory would be decreased If the reply slg- 
nal were lost shortly after trackmg was 
resumed and after a prevmus loss of signal 
resulted 11, searchmg It ~111 be shown later, 
by means of recordmgs obtalned under oper- 
atmg cond,t,ons, that after one or more 
permds of slgnal fade a condltlon develops 
wherem there 1s greatly reduced memory 
Apparently, this 1s due to a rapId thermal 
build-up in the relay and a much slower 
dxslpatmn of heat 

Wh,le the DIA mterragators were bemg 
bench- and flight-tested. It was noted that 
there are Instances when the mterrogator 
xmned,ately goes mto search after the ,mt,al 
loss of the slgnal and wlthout any memory 
whatsoever This 1s very undesirable, but It 
occurs mfrequently Wh,le the exact cause 
1s unknown, fallure of the memory relay to 
close completely after a prevuxls operatmn 
1s believed to be responsible If the contacts 
were not completely closed, memory could 
not be started and the velocity voltage would 
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r‘lse rapldly This would cause the mter- 
rogators to go Into search It 1s apparent 
that the characterlstlcs of a thermal relay 
are not well-sulted to the requirements of 
the memory clrcult 

The modlflcatlons made at this Center 
consIsted of 

I Replacement of the thermal tube with 
a Miller run-down or discharge clrcult 

2 Removal of the velocity-memory 
feature 

3 Addltzon of a run-back clrcult which 
functions during memory 

Fig 6 shows the clrcult which was 
employed m place of the arlgmal cxrcult to 
provide memory In order to explam the 
operation of this clrcult, let us assume that 
the Interrogator 1s locked on a ground statlon 
and 1s trackmg the replles normally A slg- 
nal failure causes a loss of the comcldence 
pulse, and this results m a loss on tube VI 
of the sum-current bxas or the total of the 
posltlve and negative currents As Vl con- 
ducts, relay Kl 1s energized This relay 
apphes 28 volts to grid No 3 of the memory 
tube V2 and thus removes the negative 20-volt 
bias that has held the tube cut off durmg 
trackmg The tube then begms Its discharge 
or run-down actlon which gives the arcult 

Its popular name “run-down ‘I The four- 
mIcrofarad capacitor connected to grid No 3 
of the memory tube 6ASb prevents the clrcult 
from entermg the track mode until two or 
more comcldence pulses appear mthe track- 
mg gates These pulses consist of replies, 
Norse, or fruit Fruit may be defined as 
mterfermg asynchronous pulse signals of 
random tlmmg and amplitude USeleSs 
mztlatlon of memory 1s thereby prevented 

Durmg track, condenser C 1 has charged 
to the full plate voltage The Instant grid 
No 3 loses Its bias. the tube starts to con- 
duct As soon as the tube begms conductvan, 
the plate voltage drops and forces grid No 1 
to become more negative through Cl Thus 
the conductmn of the tube 1s opposed At the 
same tnne, Cl begms to dxcharge through 
the plate and grid clrcults. and this discharge 
also causes the grid to become more negative 
E-as effect 1s cumulahve and causes the plate 
current of the tube to rise at a very slow 
rate By varymg resxtor Rl. a delay of ap- 
proxxnately 4 to 20 seconds can be obtamed 
The velocity voltage then rapldly rxes to 
approximately 300 volts and causes tube V3 
to become conductive Relay K2 energizes. 
and the followmg actmns result 

1 The memory light operates 
2 Relay K3 energizes 
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3 Relay K4 1s de-energized, and, after a 
short delay, K5 IS de-energleed 

4 The armature crrcult of the track 
motor 1s completed through reslstor R2. 
which causes the track motor to run back m 
range at a rate set by the slee of reslstor R2 

In this case, It runs back at approximately 
250 nautacal n-ales per hour At the con- 
clusmn of memory, tube V2 ~111 conduct 
sufflclently to energize relay Kb Ths ~111 
causes 

1 The memory light to extmgrush 
2 Relay K3 to drop out or de-energlae, 

thus stoppmg the track-motor run-back 
3 Applicatmn of 28 volts to the search 

motor, which muned~ately operates 

As soon as a reply 1s found, tube VI ~111 cut 
off and release relay KI Thus, -20 volts 1s 
applied to grid No 3 of the memory tube V2, 
causmg It to stop conduction Condenser C I 
~111 charge to the plate-supply voltage In 
much less than a second and be ready to 
provide full memory agam upon the loss of 
the reply pulses The reply pulses cause the 
velocity voltage to decrease and relay K2 to 
be de-energlaed This grounds the track- 
motor armature and allows the track motor 
to iunctIon The orlgmal condltlon of normal 
track 1s thereby establlshed If at any time 
durmg memory the reply should return, tube 
Vl would stop conductmg and relay KI would 
be de-energleed Thus -20 volts would be 
applied to the memory tube V2 and would cut 
off whatever slight current has built up The 
velocity voltage ~~11 also drop, causmg tube 
V3 to release plate relay K2 This ~111 

1 Extmgmsh the memory light 
2 Release relay K3, thus stoppmg the 

run-back 

3 Return a ground to the track motor. 
allowmg It to track normally 

There 1s a need for compensatmn 
because of the movement of the airplane 
durmg memory Velocity memory or run- 
back memory could be employed It was 
deaded that run-back memory provided the 
most reliable all-round operatmn An analy- 
51s of the new memory clrcmt discloses that 
wlthout the run-back feature the reply pulses 
~111 appear m the early gate If an alrplane 
fhes toward the ground transponder durmg 
memory and If the reply pulses return after 
a few seconds This analysis assumes that 
the reply pulses return before the airplane 
approaches so closely that the replies arrive 
prior to generatmn of the early gate The 
reply pulses which occur at the tnne of the 
early gate make the velocity voltage more 
posltlve As a result of the actmn of the 
track motor, the pulses can also xntlate 
search before the late gate 1s mtercepted 
To prevent the airplane from outdlstancmg 
the gates. run-back was Included m the new 
clrcult The speed of run-back can be ad- 
Justed to almost any value desired and only 
needs to be sufflcrent to equal the m-mum 
ground speed that will be encountered by the 
airplane InwhIch the mterrogator 1s rnstalled 

Graphic recordings were made of the 
operation of the thermal-relay memory cxr- 
cult and of the Miller run-down memory clr- 
cult under sxnrlar condrtlons of operatwn 
These recordings are reproduced In Figs 3, 
4. 5, 7. and 8 Figs 4 and 7 are especially 
slgmficant smce this type of fadmg 1s repre- 
sentatlve of that found durmg actual fllght 
It 1s well known that at moderate and long 
ranges consrderable fadmg 1s experienced 
when an airplane banks and turns m such a 
manner that It shields the alrborne antenna 
from the ground transponder with part of Its 
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structure Considerable fadmg 1s also en- 
countered before the signal drops out near 
the maxunurn lme-of-sight range 

It ~111 be noted from Fig 3 that the 
memory time p r oduc e d by the thermal 
memory clrcult vai-les ConsIderably, from 
4 9 to 8 9 seconds in tlus case The length 
of memory varies with the time that has 
elapsed 51nce the last full memory expired 
In all cases recorded in Fig 3. this time 
exceeds 31 seconds It should also be noted 
that the longest memory occurred after the 
longest period of idleness These results 
were expected after the data on the thermal 
relay had been analyzed 

Fig 8 reveals that the Miller discharge 
memory clrcult us not affected by the period 
of Idleness as the thermal-relay clrcut ,s 
In fact, the perlad of longest memory, 10 0 
seconds, occurred after one of the shorter 
periods of idleness. the shortest memory, 
9 1 seconds, occurred after a relatively long 
period of rest Although thx fact confIrms 
much of the theory that has been presented, 
It does not reveal the ma,ar shortcommg of 
the thermal-relay memory cucmt. winch 
shortcommg 1s absence of memory Two 
mstances are revealed in Fig 4 Pants A 
and B m&cate the posltlon where memory 
should have been present but was not because 
the relay was at the threshold of openmg or 
else was open because of the previous use 
of memory In the other mstances where 
memory 1s present, the duration ,s notably 
short Fig 7 reveals that the discharge 
memory clrcult retans Its memory well and 
1s always present, regardless of previous 
use or duration of memory Pants C, D, E, 
F, and Hare marked to mdlcate that memory 
almost ran out before the reply signal re- 
turned Durmg tins time the gates ran back 
at a speed of approximately 250 nautical 
miles per hour At t,ns speed the gates will 
mo”e Inward 0 59 rmle ,n 8 5 seconds, or 
the equivalent of 7 3 microseconds SlllC‘Z 
the gate 1s 10 mlcroseconds wide, the signal 
Will return wlthm the late gate and the mter- 
rogator ~111 lock on lmmedlately It IS I,,- 
terestmg to note that even after the memory 

has almost expired (as at pomts D, E, and F). 
the full memory 1s consxtently present If 
the sIgna falls (as at pant G) Fig 5 was 
recorded to show the effects of the sIgna 
generator on the veloaty-voltage Jitter com- 
pared with that obtamed when an actual 
ground reply 1s tracked at a fixed dxtance 
from the Interrogator The results md~cate 
that there 1s some addltlonal J’tter Introduced 
but not an appreciable amount. and It should 
not affect the results of these tests In 
F’lgs 3 and 8, the track-simulator I’tter 1s 
constderably greater than when the signal- 
generator set ,s used at a constant range. 
but this should not affect the results of these 
tests 

Crlhcal-Distance Comcldence 
It has been observed that the FTL 

mterrogator has a tendency to lock on the 
first reply pulse from a local ground trans- 
ponder This ground transponder operates 
on Channel 19C at the Indlanapohs ILS ghde- 
path site The reply spacmg for Mode C ,s 
63 nucroseconds. therefore, the Interrogator 
mdlcated 5 08 nautical rmles too low or 
negative Tlus particular ground transponder 
1s located about +O 8 nautical mile from the 
mterrogator antenna, therefore the mter- 
rogator mdxates 4 28 nautical rmles below 
zero, which 1s the result of -5 08 + 0 8 
Actually, the needle which mdlcates the uuts 
pomted to 5 72 rmles, and the needle wh,ch 
mchcates the tens rested ,n the red sector of 
Its &al 

Further mvestvgatlon revealed that at 
this umque range a double cmnadence de- 
velops in the mterrogator The addltlonal 
pulses that must be present to produce tins 
undesired colncldence appear to be caused 
by the mixture of a portion of the transrmtted 
pulse with a cont,nuous wave (CW) s lgnal 
winch 1s removed + 30 MC ,n frequency and 
winch produces two pulses that pass mto and 
through the mterme&ate-frequency stages of 
the Interrogator These pulses appear I,, the 
video output of the receiver and are passed 
through the delay Ime In this case they are 
delayed 63 mxroseconds. the same as the 

Fig 8 Velocity Voltage Usmg a MO&fled Memory Cucut, Long Duration Reply Interruptions, 
Signal Generator, and Rate Simulator 



Fig 9 Critical Distance Comcldence 

Fig 10 Crltlcal Distance Delayed Video 
Using -3 Volts Bias 

reply pulses of the transponder These un- 
desired pulses combme with the undelayed 
repIy pulses of the transponder to form an 
addItIona colncldence The undesued pulses 
may be seen m F’lgs 10 and 11 The reply 
pulses return after a delay which 1s deter- 
mmed by the separation of the airborne and 
the ground equpment and by the fxed delay 
introduced by the ground equipment, but the 
posltlon of the undesired pulses m the delayed 
video IS determined by the decoder delay 
See Eg 9 Therefore, on each channel where 
these undesired pulses appear. multiple 

Fig 11 CritIcal Distance Undelayed Video 
Usmg -3 Volts Bias 

comcldence can occur at several separate 
and umque ranges provided that Mode A, B, 
or C IS bang used It can be seen from Fig 
9 that, for all modes other than these three, 
this undesirable condltlon ~111 not exist 
because both undelayed transponder reply 
pulses ~111 not return until after the unde- 
slred pulses are produced On Modes A, B, 
and C, the undesired comadences ~111 occur 
at the ranges mdlcated m Table IV These 
comcldences will occur wlthm a +O 4 nautxal 
mile tolerance because of the acceptance 
time of the decoder, but they should peak at 

I 
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TABLE IV TABLE V 

CRITICAL DISTANCES CRITICAL DISTANCE CHANNELS 

Mode Range 
(nautlcal miles) 

Interrogator A Interrogator B 

A 2 01 and 3 15 

B 2 01 and 0 31 

C 0 89 

05 

08 

13 

the ranges Indicated If the 115-mlcrosecond 
transponder delay 1s reduced, as It might be 
at some ILS mstallatlons, dlfflculty could 
occur on Mode D (for example. If the delay 
were reduced three mlcroseconds or more) 

Investlgatlon Into the sources of this 
phenomenon mdlcates that the heterodynmg 
occurs m the mxer cavity of the receiver, 
the source of the cw slgnal 1s the multiplier 
cham of the receiver. and this cw slgnal 
heterodynes with the pulsed r-f of the trans- 
mltter These undesired pulses enter the 
mtermedlate-frequency stage In the first 
tube of the premtermedlate-frequency am- 
pllfler together with the transponder reply 
pulses This phenomenon does not occur on 

1 all channels, and It can be predlcted mathe- 
matlcally for some of the channels On 
others, Its presence appears to be due to 
self-osclllatlons and complex mxang of the 
available harmomcs 

19 

24 

31 

59 

70 

80 

91 

mcreasmg distance Because all circuits 

The undesxed pulses which show up in 
the delayed-video cxcultry have been con- 
slstently present on the channels shown In 
Table V Although this problem 1s by no 
means solved. canslderable mformatmnabout 
Its causes and effects has been gathered 
Should It become a persistent source of dtf- 
faculty in the future, It ~111 be mvestlgated 
further , 

are cahbrated to the second reply pulse for 
time measurement, the trackmg of the first 
pulse creates a flxed error which 1s pro- 
portlonal to the reply-pulse spacmg andwhxh 
1s always In the dIrectIon of reduced mdica- 
tar readmg This error varies with the mode 
from approximately one to s1x miles In the 
absence of this phenomenon, the only comc1- 
dence pulse present 1s the normal comcldence 
which 1s allgned m time with the undelayed 
second reply pulse The evidences of this 
trouble have been thoroughlymvestlgated and 
asslgned to (a) the presence of undelayed 
video reply pulses on the comcldence-tube 
delayed Input, and (b) the presence in the 
video of noise which eventually fmds Its way, 
together with the undelayed and delayed video 
signals, to both comcldence grids 

First-Pulse Trackmg 
There IS a tendency for all of the FTL 

Model DIA mterrogators to lock on and 
track the fxrst pulseaf the transponder reply 
par This malfunctlonmg occurs erratlcally 
and cannot be predlcted or controlled 
consistently 

A brief review of the comcldence-tube 
prmclple will establish the fact that colnc~- 
dence ~111 occur at every undelayed pulse 
apphed to the tube If the undelayed pulses 
fmd their way to the delayed grid mput 
When this multiple comcldence 1s present, 
the trackmg clrcults lock on and track the 
first comcldence pulse encountered, smce 
the mterrogator searches m the dlrectlon of 

It 1s not known at present exactly how 
the undelayed pulses reach the delay-lme 
output to the decoder and the delayed Input 
to the grid of the comczdence tube It 1s 
believed that the causes are plckup wlthm 
the delay line and the close proxlmlty of 
delayed and undelayed circuitry Until the 
slgnal Input 1s reduced below saturation. the 
desired delayed pulses at the control grid 
are approximately 9 volts When slgnal 
Inputs greater than saturation were used, the 
undesired undelayed pulses varied in amph- 
tude from approximately 1 5 to 5 1 volts 
About 4 volts at this grid will cause comcI- 
dence These voltages were measured with 
a Tektronix Type 511AD asc~lloscope 

05 

08 

13 

19 

31 

46 

64 

70 

80 
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this problem was taken under study by 
Federal Telecommunlcatlon LaboratorIes, 
and certam changes were made to one piece 
of equipment The modified equipment was 
returned to this Center, where extensive 
tests were performed in an effort to evaluate 
the effectiveness of the modifications made 
by the Federal Telecommumcatlon Labora- 
tories The results were not very consistent. 
but a multxphclty of measurements were 
made so that general trends could be ob- 
served The modlflcatlons which were made 
and an esttmate of tbelr effectiveness are 
llsted m Table VI 

Modlflcatlon No 1 was the most effec- 
tlve change, but the reason for the Improve- 
ment 1s not known Engmeers of the Federal 
Laboratories advanced the thought that the 
comcldence-tube Input IS Isolated from the 
delay lme by the delay-lme driver and that 
this lsolatlon prevented delay-lme rmgmg. 
or reflectlon, from reachmg the comcldence 
tube However, It has not been possible to 
detect any delay-lme rmgmg on the undelayed 
v,deo Durmg the lmplementatlon of the 
change, several leads were relocated This 
seemed to help, but previous replacement of 
some of the signal leads with grounded, 
shlelded leads produced negative results 
T& modlflcatlon also mcreases the coinc1- 
dence suppressor-grid bias. or undelayed- 
Input bias from about -13 volts to about -30 
volts The undelayed video whxh is fed to 
the comcldence tube 1s mcreased m amph- 
tude from 35 volts to about 90 volts The 
Increased amplitude of the undelayed pulses 
does not materially reduce the mmlmum 
delayed-pulse amphtude required for cam- 
cadence These voltages are outslde of the 

characterlstlc curves of the 6AS6 comcidence 
tube for grid No 3, the suppressor However, 
var’Lous external and Internal blase= on both 
the delayed grid No 1 and the undelayed grid 
No 3 were trxed wlthout success prior to the 
modlflcatlons made by the Federal Telecom- 
mumcatIon LaboratorIes After these modl- 
ficatlons, the undesired pulses onthe delayed 
grid varied from 1 5 to about 4 0 volts 

Modlficatlon No 2 has .a small effect 
upon the unwanted-pulse amplitude Th,s 
change conslsted of rerouting the delayed 
and undelayed pulse leads m the delay lme 
so that the chassis acts as a shield over 
most of the length of the delay hne This 
isolates the delayed and undelayed clrcultry 
and thereby reduces crosstalk 

Modlficatlons Nos 3 and 4 would also 
tend to reduce pIckup. but no measurable 
effect was produced 

Modlflcatlon No 5, slmllar to No 1. 
would block the delay-lme rmgmg If It occurs 

Modlflcatlon No 6 was made to pre- 
vent mechanIca damage and did not 
appreciably affect the test results 

Modlficatlons Nos 1, 2, 3. and 4 were , 
mstalled m all FTL Interrogators at this 
Center 

As noted, the modiflcatlons decreased 
the probability that undesired pulses can 
become large enough to cause a first-pulse 
comcldence Tins fact has beensubstantlated 
by flight and bench testmg Nevertheless, ’ 
the unpredictable nature of this trouble 
prompts extreme caution when the probablltty 
of Its future recurrence 1s contemplated If 
the undesired pulses are on the threshold of 
producmg sufflclent comcldence for lock-on 
and If nolsecomcldence 1s randomly present, 

TABLE VI 

FEDERAL TELECOMMUNICATION LABORATORIES MODIFICATIONS 

No Modlflcatlon Amplitude Reduction of Undesired Pulse 

1 Connected undelayed comcldence Input to 20 per cent 
decoder delay-lme driver Input 

2 Rerouted delay lme, shlelded leads 5 per cent 

3 Added delay-lme transducer shields Not measurable 

4 Rearranged delay-lme plug pms Not measurable 

5 Added rectlfler crystals at decoder No effect 
delay-lme Input 

6 Increased spacmg of mode-selectIon No measurable effect, but ~111 reduce 
wafer switches shorting due to mechamcal shock 



Fig 12 Undelayed Video Usmg Zero Bms Fvg 13 Delayed Vtdeo Usmg Zero Bias 

Fig 14 Comcldence Pulses Usmg Zero Bias 

the no,se may cause fmst-pulse lock-on by 
effectively lncreasmg the repetltmn rate of 
first-pulse comctdence Tlxs effect has been 
notlced on the bench and 1s the prmclpal 
reason why It 1s necessary to set the 
mtermedmte-frequency gam at a fxed value 
The effect of gain on undelayed. delayed, and 
comcldence pulses of one piece of equlpment 
1s shown in Figs 12 through 17 Up to the 

Fig 15 Undelayed Video Usmg -4 Volts Bias 

present txne. ,t has not been possible to es- 
tablxsh a consistent relatmnshlp between the 
mtermedlate-frequency g aln and the un- 
desired, undelayed pulse s,ze, however, the 
reduction of the n01s.e colncldence also 
reduces the probab,l,ty of placmg three sue- 
cess~ve comcldence pulses 11, the late gate 
and thereby of mltmt,ng trackmg of the first 
pulse Because of the large error mtroduced 
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Fig 16 Delayed Video Usmg -4 Volts Bias 

Fig 17 Cmncldence Pulses Usmg -4 Volts 
BlaS 

by the traclung of the first pulse. this mal- 
functmnmg IS consIdered quite harmful, and 
If It should recur. addltlonal effort ~111 be 
made to elmunate the cause of the trouble 

Intermediate-Frequency Gam 
The FTL interrogator automatic- 

gam-control (AGC) cucult has been analyzed, 
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Fig 18 AGC Bias Versus SIgnal Level 

and conslderable varlatmn has been noted 
between umts Fig 18 shows the varlatmn I 
m bias developed in three mterrogators under 
ldentlcal condltlons of operatmn With no 
signal Input or maxmxrn gam, the mterme- 
dlate frequency has developed a bias of from 
tl 4 to -2 6 volts A slmllar varlatlon ensted 
at every Input signal level 

Fig 19 shows the varlatmn of the 
mtermedlate-frequency bias voltage devel- 
oped with varymg Input slgnal levels and 
different double-pulse squatter rates. or 
rates of trlggermg by noise It can be seen 
that the bias developed varxes greatly with 
the double-pulse squtter rate At -20 db 
referred to one mlllvwatt (dbm), the change 
,n b,as from a no-fruit condltlon with a 



Fig 19 AGC Bias Versus Reply-Pulse Repetltlon Rate and Slgnal Level 

pulse repetltlon frequency (prf) of 130 to a 
fruit condltlon of 800 pulse pars with a prf 
of 930 1s 7 6 volts This fact causes the 
nmse m the comcldence clrcults to be very 
hard to control and results in uolse comcl- 
dence m the IdentIty and trackmg clrcults 
If Instead of usmg this mterrogator another 
1s chosen. the bias developed may be less, 
as mdlcated In Fig 18 The fallmgs of this 
bias clrcult are Its response to fruit and Its 

_ lack of consistency To overcome this 
excess,ve bias varlatlon and to provide for 
more reliable operation. a flxed bias was 

1 Installed This can be varied from 0 to -6 
volts by means of a potentiometer Test 
flights have shown that the DIA Interrogator 
~111 track out to the maximum range of 100 
mules and ~111 have a bias of -4 volts A 
3- to 4-volt bias was required to pro-de a 
signal-to-noise ratlo of 4 to 1 By mxprovmg 
this ratlo, there 1s a reductmn of the random 
comcldence which normally occurs when the 
gam IS high and which at tmxes causes the 
Interrogator to lock on noise 

There are also other problems that 
affect the fmal settmg of the mtermedlate- 
frequency gal* control The mtermedlate- 
frequency bias sometimes has a very 
pronounced effect on the severity of the 
undesired colncldence found at discrete 
ranges Figs 20 and 21 Illustrate how the 
addltmn of -3 volts of bias accentuates this 
uudeslred condltlon As can be seen from 
Fig 22, a further mcrease m bias ~111 mu- 
prove the condltlon but the loss m sensltlvlty 
becomes ObJectlonable 

Another problem 1s the first-pulse 
comctdence found at all ranges Figs 12 
through 17 Illustrate this condltmnandreveal 
that It 1s sometmnes accentuated by an m- 
crease in bias to about -4 volts A further 
Increase m bias xnproves the condltlon. but 
agam the loss m sensltlvlty becomes a 
llm1tmg factor In some eqmpment. a bias 
of -3 volts ~111 reduce the first-pulse 
comcldence 

In flight testmg, another problem has 
arIsen which 1s dependent to some extent 
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Fig 20 CrItIcal Dmtance Comcldence Plllses 
Usmg Zero Bias 

Fig 21 Crltlcal Distance Comcldence Rises 
Usmg -3 Volts Bias 

upon mtermedxate-frequency bias Durmg 
flight m close proxm-nty to a transponder, It 
was found that there IS a defmlte tendency 
for the second reply pulse to be de-energleed 
T?ns 1s especially severe If the reply spacmg 
1s small and If the alrplane IS almost directly 
over the transponder Au Increase In the 

Fig 22 Crltlcal Distance Gxncldence R&es 
Usmg -5 Volts Bias 

lutermed,ate-frequency b 1 as consistently 
and consIderably decreases this tendency, 
probably because the Increased bias reduces 
the amplitude of first-pulse echoes which i 
Interfere with the reception of the second 
pulse 

Although the three afore-mentIoned 
dlfflcultles are mfluenced by the bias used 
In the Interrogator. they cannot be the 

t 

determrung factors in the choice of the bias 
value lhey are separate problems that need 
correctlon at their sources. rather than a 
comprmmse ofthe operatmn of other c1rcult.s 
to reduce their effect When the many factors 
Involved are consldered, It 1s believed that 
a bias of -3 to -4 volts LS the best over-all 
comprormse However, If other problems or 
condltlons that necessitate a change In bias 
appear, It can be done quxckly and reliably 

Transmitter Frequency Shift 
‘L 

A General 
It has been noted durmg the operatmn 

and flleht testmp of the FTL mterroeators 
that a considerable shift in transrmtte~ fre- 
quency occurs under condltlons of track at 
30 prf and search at 150 prf The cause of 
this frequency shift IS not known There 1s 
also a smaller shift m frequency of appron- 
mately 250 kllocycles (kc) In most cases 
occurnng between the first and the second 
transmItted pulses This shift In frequency 
1s not sermus, but the one between search 
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and track 1s often of a much greater magi-o- 
tude It has been known to exceed one MC 
and often exceeds the allowable lxmts of 
+400 kc To elxmnate this shift, the four 
resistors in the prf-determmmg clrcult wre 
removed and a 680,000-ohm reslstor was 
substituted to provide a constant prf of 55 
Since therels no change m prf between track 
and search, there 1s no frequency shift, and 
thx cause of unrehablllty has been tempo- 
rarely elxmnated The addItIona duty cycle 
xnposed upon the transmitter tube ~111 not 
shorten Its life The plate dlsszpatlon at a 
prf of 55 1s well wlthln the allowable 100 
watts 

It 1s realleed that this modlflcatmn 
~111 substantially reduce the traffic-handlmg 
capacity of the system, as ~111 be shown, but 
for the tnne bemg such modlflcatlon prowdes 
a snnple solutmn to a dlfhcult problem It 
1s not foreseen that the traffic density m the 
xnmed~ate future xv111 be such that this modl- 
flcatmn ~111 become a lxnltmg factor By 
the time the traffic increases to a level 
where the full capacity of the system 1s 
needed, It 1s believed that new clrcults and 
modlflcatlons ~111 be avalable to make this 
change unnecessary A study 1s bemg made 
to determme whether the prf can be reduced 
to 30 for both search and track Either this 
reduction ~111 be made, or the frequency- 
shift problem xv111 be mvestlgated more 
thoroughly 

B Reduced Traffic-Handlme Cauacltv at 
I _ I 

55 prf 
The InternatIonal Clvll Avlatmn 

Organlzatmn (ICAO) speclflcatmns for DME 
require that 

“The system shall be capable of m- 
cludmg a transponder provldlng reliable 
serwce to at least fifty equipped arcraft 
m the presence of 1,950 other alrcraft 
dlstrlbuted over the remalnlng 
nmety-nme operatmg channels !I 

“The Interrogator shallbe capable 
of successful search with transponder 
efflclencles as low as 67 per cent, and 
through random pulse levels up to 1,600 
random pars per second on each of the 
ten reply codes on the same reply 
frequency channel ‘I2 

To Illustrate the effects of the Increased 
trackmg prf, the followmg computatmns which 

2 Charles J Hirsch, “Trafflc Handlmg 
Capacltyof Pared-Pulse Codmg for 100 Chan- 
nel Distance Measurmg Equipment (DME),” 
Proceedmgs of the NatIonal Electronics 
Conference, Vol V. 1949, p 372 

are based an thework of Hlrsch3 are Included 
The symbols which are used m these compu- 
tatlons are llsted Those that are designated 
with apnme ( ’ ) refer to transponders which 
are Interrogated by twenty arcraft 

B 

B 
,I 

b 

c 

d 

AF 

F 

Ft 

G 

g 

J 

L 

m 

N 

n 

NE 

NF 

T 

= Transponder-reply efflclency 

= Transponder-reply efflclency due to 
the maxmxm prf perrmtted by the 
designer 

= Number of replles 

= Number of transponders usmg the 
same receiver frequency 

= Duration of pulses (the effective 
duratmn IS 1 5 rmcroseconds) 

= Average number of pulse pairs ac- 
cepted by the decoder of arcraft A 

= Total number of replIes by the trans- 
ponders not directly Interrogated by 
arcraft A 

= Total number of replles by all 
transponders 

= Duration of gate 

= Effective duration of gate 

= Total number of replies of acceptable 
spacxng received of the desired 
transponder replles are blocked by 
the surface of the aIrplane 

= Length of search In microseconds 

= Number of challenges 

= Interrogations of Inacceptable spac- 
mg from an average of 20 alrcraft 
on each of the remaxnng i-one chan- 
nels havmg the same transponder 
receiver frequency 

= Interrogations intended for the 
transponder 

= Average number of false Inter- 
rogatlons to be expected 

= Number of pulses passed by the gate 

= Effective number of mterrogatlons 

%b>d , pp 366 - 386 



P,(b) = Probabllltv of the eate catchmg 
D 

exactly (b) rephes III m challenges 

P 

PPS 

P=* 

Q 

R 

S 

SF 

T r 

TS 

u 

w 

w 

: Probablllty 

= Pulses per second 

= Pulse-repet1tmn frequency 

= Number of pps requued to terminate 
search 

= Total numbe = of rephes havmg 
proper spacmg 

= The number of rephes necessary to 
termmate search ,n a given number 
of ,nte==ogat,ons 

=Numbe= of txnes search ~111 
termmate on fruit 

= Transponder dead t,me (136 ,n,c=o- 
seconds) 

= Time requred to search 100 rmles 

= Number of pulses expected ,n gate 
because of frut rephes from trans- 
ponders other than the one mter- 
rogator A 1s usmg 

= Number of pulses requred in gate 
to terrrunate search 

= Number of pulses expected ,n gate 
because of fruit replies 

Total Effective Interragatlon Rates 

I F,fty-AIrcraft Transponder 

n = 50 x prf = 50 x 55 = 2750 pps 

N = LO x prf x (C-l) = 20 x 55 x 9 = 9900 pps 

NE=8dN2=8x15x10 -6(9900)2 = 1176 pps 

nt=nfNE = 2750 + 1176 = 3926 pps 

II Twenty-Alrcraft Transponder 

n’ = 20 x prf = 20 x 55 = 1100 pps 

N’ = 20 x prf x [(C-l) - l] + 50 x prf 
= 20 x 55 x 8 + 50 x 55 = 11,550 pps 

N’E = 8d(N’)2 = 8 x 1 5 x 10 -6x (11,550f 
= 1600 pps 

N; = n’ + FfE = 1100 + 1600 = 2700 pps 

Number of Rephes far Condltlons A and B 

I Fifty-Alrcraft Transponder 

B= l = 1 = 0 6519. 1 + nttr 1 + 3926 x 136 x lo- 6 

Total number of rephes per transponder 

Bnt = 0 6519 x 3926 = 2559 

However, the transponder 1s lmuted to 2000 
pps and therefore B”zs actually ln this case 
2000 ~ ~~~0509 

nt 

II Twenty-AIrcraft Transponder 

B’= ’ = 
+ 2700: 136 1O-6 =’ 7314 1 tnt 

tr 
1 x 

Total number of rephes per transponder 

B’n’ t = 0 7314 x 2700 1974 = 78 

III Total Number of Replies on Gammon- 
Reply Frequency 

F = 9B’n: = 9 x 1974 78 = 17,773 per second 

from n,ne 20-arcraft transponders 

F’ = BN nt = 2000 per second from one 

50-arcraft transponder 

Ft = F + F’ = 17,773 + 2000 = 19,773 pe = 
second from all ten transponders 

Determmatlon of the Number of Frut Rephes 
Number of repllrs to mterragatlons of , 

other arcraft usmg the same transponder as 
arcraft A 

B’ln t G 0 509 x 3926 = 2000 pps 
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AF = 18dFtF 

=18x15x10 -6 x 19,773 x 17,773 

= 9488 pps 

R = B”nt + A F = 2000 + 9488 = 11,488 pps 

J = 18d(C-l)(C-2)(B’n’t)2 

=18x15x10 -6 x 9 x 8 x (1974 78)2 

= 7581 pps 

Determmatlon of the Number of Frut Replles 
Accepted by the Gate m One Second 

g = G + d = 20 + 1 5 = 21 5 microseconds 

I Interrogator Interrogatmg the Fifty- 
Alrcraft Transponder 

NF 
= gR = 21 5 x 10 -’ x 11,488 = 0 24699 

pulses per mterrogatlon 

or 

NFprf = 0 24699 Y 55 = 13 58 pulses per 
second 

II Interrogator Interrogatmg the Fifty- 
Arcraft Transponder But Not Recexvng 
Rephes 

In this case the mterrogator was not 
recelvmg replies because of the shleldmg of 
the antenna by a surface of the airplane 

N’F = gJ = 21 5 Y 10 -6 x 7581 
= 0 16299 pulses per mterrogatlon 

or 

N’F x prf = 0 16299 x 55 = 8 964pulses per 
second 

Determmatlon of the Number of Pulses Found 
In the Gates Under Varxaus Condltlons 

I Mmlmum Number of Pulses Required 
m Gate to Termmate Search 

Q = 21 pps. the number of pulses required to 
termmate search as measured at this 
center 

L = 12 38 x 100 : 1238 microseconds, length 
of search 

T’ 
s = 16 seconds, time requred 

100 miles 

T’=gQ 16 x 21 5 x 10 -6 x 21 
w=-= 

L 1238 x lo- 
6 

to search 

= 5 835 

II Number of A~lses Due to Frut Rephes 
Expected In Gate 

T - 20 seconds because of Increased 
search ‘tke to be created m lmmedlate 
future 

TsgNFp=f 20 Y 21 5 x 10 -6 x 13 58 
w= 

L 1238 x lo-’ 

= 4 716 pulses 

III Number of Pulses Expected in Gate 
Because of the Frut Replies From 
Transponders Other Than the One 
That Interrogator A Is Usmg 

TigN’Fprf 20 x 21 5 x 8 964 
ll= 

L 1238 x 10 -6 

= 3 113 pulses 

Frequency With Which Search Will Be 
Interrupted by Fruit 

The probablllty of catchmg S or more 
repl,es 1s 

P,(T2): 1 - P5(0)- P,(l) 

P,(b) = b, ,“-’ p ph (1 - p)” - h 

P = NF = 0 247 

m=5 

To slmpllfy the calculations, we have 
changed the ratlo of required pulse pars 

needed to terminate search from 21 to ? 
55 5 
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P5(~2)=1-(1-p)5-5xx4xx3x2p(l-p)4 

= 1 - (1 - p)5 - 5p(l - p)4 

= 1 - 0 235 - 0 3864 = 0 3786 

Search ~111 terminate on fruit every 

m 5 - =- = 13 2 mterrogat1ons. 
pm( 7 s) 0 3786 
or SF times per complete search 

LP,(3, _ 1238 x 10 -6 
SF = x 0 3786 

g 21 5 x 1o-6 

= 21 79 times per search 

SF at 30 prf = 4 6 times per search 

It can be seen that search can be com- 
pleted under heavy traffic condltlons only 
after a large loss of tnne because fruit was 
locked on Therefore, It 1s not practical to 
use this high a value of prf with the;ystem 
fully loaded as speafied by ICAO This 
value of prf Ls a temporary solution only, 
and either It ~111 be reduced to a lower value 
or the cause of the frequency shift ~111 be 
ellmmated 

Computer Output Standardlzatlon 
The lOOO-ohm potentiometer, whxh 

provides distance InformatIon for computer 
operation, 1s not standardized In the various 
Model DIA Interrogators As the equipment 
was received, the zero distance resistance 
varied from about 50 to 100 ohms The over- 
all resistance varied from 945 to about 1060 
ohms In order to mterchange mterrogators, 
It 1s necessary to employ etandardlzed com- 
puter potentiometers All computer output 
potentiometers used at this Center have been 
standardized at 5 ohms for zero distance and 
at 945 ohms total resistance The zero set- 
tmg was made by dlsassemblmg the potenttl- 
ometer andsettmg the wipers at 5 ohms with 
the mterrogator mechamcal-range unit 
posltloned at zerodlstance The total resist- 
ante was standardloed by shuntmg the 
potentiometer with a flxed reslstor of such a 
value that It makes the parallel combmatlon 
945 ohms These modlflcatlons pe rmlt 
complete flexlblhty and mterchangeablhty of 
Interrogators and mechamcal-range umts 

Flag Alarm 
As received. the FTL mterrogators 

did not have a flag-alarm output, but an 

51b,d 

external relay, operated from the search- 
track relay, has been added for this purpose 
This external relay can provide either 28 
volts d-c or ground for flag-alarm purposes, 
the choice dependmg upon the compamon 
equipment bemg used with the mterrogator 

VOR and DME Control Head 
The remote-channel-selectlon feature 

of the FTL equipment makes It possible 
to seIect automatically the associated DME 
channel whenever an ommrange channel 1s 
selected by the pllot This elwnmates the 
necessity of multiple-control heads and 
sxnpllfles cockplt procedure I 

The dual control 1s accomplished by 
connectmg wafer switches m the ommrange 
control head and wlrmg them so that the 
associated channel 1s selected In the mstal- 
latlon made at this Center, the control-head 
wafer switches provide ground for the 
lnterrogatocturret follow-up wafer switches 
A VOR and DME palrIng plan must be con- 
sulted as a gmde for the wlrmg of any partl- 
cular mstallatmn The CoIlms control head 
used at this Center contams a I-Mc DME 
wafer switch with a wide wiper and five 
contacts which make contact at two detent 
posItIons mstead of one This necessitates 
the use of an addItIona multlwlper wafer 
switch which energlees and de-energizes a 
relay at alternate detent posltmns so that 
ground 1s provided via relay at only one of 
the two detent posItIons on the five-contact 
wafer watch This arrangement was used 
for the control of the reply frequencies The 
mterrogat~on frequencies uti 11 z e a ten- 
contact. l/10-MC wafer switch A rectlfxr 
IS energized at all control-head MC-detent 
posltlons until 118 0 MC or above 1s selected, 

, 

at which txne the rectlfler 1s de-energized 
and the power relay supplymg the mterro- 
gator drops out This actIon prevents DME ’ 
operation when VHF commumcatlon 1s bemg 
used 

Search Motor 
ConsIderable dafflculty was experl- 

enced because the search motor of the FTL 
Model DIA mterrogator often falled to oper- 
ate An mvestlgatlon of the trouble revealed 
that the governor contacts falled to pass , 
current and thus opened the rotor clrcult of 
the motor Considerable arcing of the gover- 
nor contacts occurred, and this probably 1s I 
a contrlbutmg cause to the unrehablkty 

It was decided to abandon the use of a 
governor Instead, a gear box with a greater 
gear-reduction ratlo 1s used m conpmctlon 
with an external serlee reslstor to decrease 
the motor speed The resistor xv111 be chosen 

, 

e.o that the startmg torque of the motor ~~11 
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be more than sufflclent to start the gear 
train Tests were conducted on the present 
equipment It was found that a reslstor of 
s”fflc,ent value to reduce the motor speed to 
one-half maximum does not reduce the 
startmg torque below the m~n,m”m value 
that 1s necessary 

It 1s. realized that a varlatlon m supply 
voltage would cause amuchgreater varlatmn 
I,, motor revolutions per minute (rpm) than 
would have occurred had the governor been 
retamed This should cause no dlfflculty 
because a shghtly greater delaymcompletlng 
search would consume only a few addItIona 
seconds, which delay 1s neghglble compared 
to the delay experxnced when failure occurs 
These changes ~111 elmxmate the dlffxulty 
experxnced with the gave rnor and ~111 
provide for more reliable operation 

Front-Panel Test Pomts 
Dunng bench and fhght testmg. there 

was recognized a need for readily accessible 
test pants which could be used for osclllo- 
scope tr,gger and for v,deo output As a 
consequence. two Type BNC receptacles 
were added to the front panel of all Model DIA 
mterrogators These receptacles are wired 
to test pants ShIelded RB/58ll coaxial cable 
was used for the connectlore lnstde the dust 
cover A Type BNC plug and receptacle were 
used at the subchassls connection m order 
to faclhtate removal of the subchassls The 
front-panel receptacles may be seen 11, Eg 2 
The posslblllty of provldmg the same type of 
connections for v,ewmg the comcldence pulse 
1s also bang studled 

OTHER PROPOSED MODIFICATIONS 

General 
The problems and modlficatlons dls- 

cussed herem are somewhat speculative and 
are presented for the purpose of provldmg an 
mdlcatlon of the work whxch may be found 
necessary in order to further xnprove the 
rellablllty of the FTL mterrogators 

First-Pulse Comc,dence 
In the event that further bench and 

flight testmg reveal a tendency for the 
FTL Interrogator to lock on and track the 
first pulse of a reply pair, It ~111 be neces- 
sary to extend the work which has been 
completed on this problem One possible 
solutmn, and the most des,rable one, would 
be to contmue to track down sources of the 
undelayed-delayed crosstalk and thereby 
elnnmate the undelayed pulses in the delayed 
c,rcu,ts This solution 1s also the most dlf- 
flcult to accomplish, espec~Jly If the delay 
lme proper proves to be the ma,or source of 

the mteract,on At present It 1s verydlfflcult 
to determme whether the undesired pulses 
are present at the delay-lme output, because 
the output 1s of such low level If the delay 
lme 1s not the ma,or source of the undesired 
couplmg, another solution may be to reduce 
the undelayed-pulse amplitude in the decoder 
chass,s to a value suffxclent for comcldence 
operatmn (25 to 35 volts) and to move the fIna 
video ampllfler and delay-lme driver to a 
pos,t,on Isolated from the decoder chassis 
Th,s pos&on would probably be under the 
main chass,s of the mterrogator Such a 
change would reduce the voltage level of the 
undelayed pulses ,n the lnterchassls wlrmg 
and I,, the decoder and should reduce the 
p,ckup in the delayed clrcults 

Another solution may be to take advan- 
tage of the difference in amphtude between 
the desired delayed pulses (amplitude about 
10 volts) and the undesired undelayed pulses 
(max,m”n, amplitude of 4 volts) as they come 
out of the delayed-pulse ampllfler This 
could be done by addmg another ampllfler 
blased to about -5 volts This method would 
be fairly easy to xnplement by “smg a 
tr,ode-pentode mmlature tube which would 
f,t ,n one of the present rune-pm sockets of 
the decoder Some sensltlvlty may be sacrl- 
flced w,th th,s approach Tins salutlon would 
mvolve toleration of the undesired pulses but 
elm,,nat~on of their effects It also depends 
upon keepmg the undesired pulses below 
some m,n,mum value, because, If they ex- 
ceeded cutoff by even a small voltage, the 
ampl,f,ed output would cause comc,dence If 
this problem should recur. ,t 1s not known 
which of the afore-mentloned solutmns rmght 
be attempted It 1s probable that further 
bench work would be done ,n an effort to 
evaluate accurately the effectiveness and the 
ease of lmplementatlon 

Tngger Failure 
The trigger pulse from the master 

oscillator has falled on various occas,ons 
and w,thdlfferent types of equipment Failure 
of th,s pulse prevents the accomplishment of 
tnne measurements and of encodmg. thereby 
makmg the eq”,pment completely moperatlve 
The cause of this trvgger failure 1s not known 
It 1s not due to lme-voltage varv.tlons The 
master oscillator 1s usually operatmg sat1s- 
factorlly durmg the failure It does appear 
to be related to the warmup and 1s more 
liable to occur when the equipment 1s cold 
All waveforms associated with the trigger 
have been studled and seem to be adequate 
The subchassIs plugs do not appear to be 
causmg this trouble Because of the mter- 
rrnttent nature of th,s defect, ,t has proved 
quite dlfflcult to Isolate Further work on 
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this problem ~111 be done when some of the 
more urgent problems have been solved 

Subchassls Plugs 
Some of the pm type of plugs whxch 

connect the subchassIs with the manchassIs 
have developed poor connectmns Th~hls defect 
can easily be detected by snnply loosenmg 
the subchassls-retainer cap screws and 
movmg the subchassls by hand In the more 
sermus cases, the contact 1s open even after 
the cap screws are tIghtened In other 
words, the contact 1s poorest when the pms 
are properly allgned 

Up to the present tune, the plugs have 
sxnply been replaced with new ones How- 
ever, a change from the pm type to the *lb- 
bon type of connector 1s bemg consIdered. 
and samples of the ribbon type of plugs have 
been secured Addltmnal contacts are also 
needed on some subchassls In order to ac- 
commodate changes made at this Center It 
1s antlclpated that all Interrogators at TDEC 
~111 be mod,f,ed to utlhze the nnproved type 
of plug 

System-Standardlzatlon Measurements 
The measurements referred to Involve 

boththe alrborne mterrogators and the ground 
transponders, but only the Interrogator 
parameters wv111 be dIscussed here When 
several transponders are utllleed durmg a 
flight, It 1s of prmx importance that all 
spacmgs and frequencies are standardleed to 
such a degree that the pllot can be certain 
that the mterrogator ~111 track the trans- 
ponder on the channel selected and only that 
transponder This necessitates hawng all 
the ground frequencies, air frequencies. and 
spacmgs wIthIn the tolerances of the system 

A method of measurmg the decoder 
spacmgs of the Interrogator wlthm l 0 3 
ml c r os e c ond and the transmltted-pulse 
spacmgs of the Interrogator wIthIn * 0 2 
microsecond has been devised It IS be- 
lleved that this accuracy ~111 be sufflclent to 
msure relxable operatxon on airway flxghts 
The method used at thm Center 1s more fully 
explamed under the sectIon of this report 
entltled “DME Test Equipment ‘I 

Transrmtter and receiver frequencies 
of the Interrogator need to be mvestlgated 
quite thoroughly, and It 1s planned to conduct 
several flight tests m an effort to reveal any 
deflclencles This testmg ~111 be followed. 
If necessary, by laboratory mvestlgatlons m 
order to discover the causes and possibly to 
correct any deflclencles which exist 

Identlty Operatxon 
The operation of the IdentIty clrcults 

In the FTL Interrogator has been checked m 

the laboratory and appears to be margmal 
The capacitors m the lumped-constant delay 
lme of the IdentIty clrcult broke down, new 
type capacitors were then supplted by the 
Federal Telecommunlcatlon LaboratorIes for 
replacement of the defective ones It 1s be- 
lleved that the ldentlty clrcults ~111 require 
modlflcatmn. but $lnce they have had so 
little flight testmg to the present tmne, 
reservation In Judgment concernmg them IS 
m order 

Crystal-Turret PosItIan and Wafer Switches 
It has been notlced that the crystal- 

turret wafer switches do not hold up well 
mechamcally and that they are not properly 
allgned m all equipment The wiper. which 
1s In series with the posItIon mlcroswltch. 1s 
not well-centered In Its contacts when the 
turret comes to rest It 1s planned to attempt 
to correct these condltmns On several oc- 
caslons, these defects prevented the turret 
from commg to rest on the selected channel 

Federal Telecommumcatlon Laborato- 
rles replaced the orlglnal contacts, whxh 
made electrical contact with the turret drum, 
with mlcroswxtches This change was neces- 
sary because the orlgmal contacts became 
oxldlzed and falled to stop the turret It 1s 
believed that the actuating mechanism of the 
present mlcroswltch can be Improved by the 
replacement of the shdmg actuator with a 
roller type of actuator These changes, corn- 
blned with the changes explamed under the 
headmg “Channel-Changing Motor,” should 
prowde a very rellable channel-changmg 
operatmn 

Channel-Changmg Motor 
In several mstances, the channel- 

selectIon drive motors falled to complete the 
channel-selectIon sequence because of msuf- 
flclent torque While this mechanism does 
not stall very often, the crystal drum fre- 
quently falters and slows To overcome this. 
It was decoded to mcrease the gear-box re- 
ductlon ratm m order to Increase the torque 
output and also to slow the channel-changmg 
speed With the present speed of rotation, 
the crystal-turret drums often coast too far, 
and a slight Jarrmg of the umt causes the 
channel-changmg mecharusm to cycle 

A recent modlficatlon made at the 
Federal Telecommunlcatmn LaboratorIes 
conslsted of removmg resistor R103 from 
the channel-selectIon clrcult and replacmg It 
with two resistors, each of the same wattage 
but approximately one-half of the orIgIna 
resistance value The purpose of thx mod,- 
flcatlon was to prevent R103 from burning out 
dunng cantmuaus channel operatmn These 
resistors, R103 and R104. are connected 
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ahead of relay KlOl so that they are not m 
series with the motor durmg brakmg 

The orlgmal channel-changmg mech- 
amsm completed one cycle m four to five 
seconds, but there 1s no necessity for such 
speed and a period of ten seconds would not 
be unreasonable It 1s planned to mcrease 
the torque and to slow down the channel- 
changmg speed to approximately SLY or seven 
seconds for one complete revolution This 
should provide plenty of torque and should 
lessen the posslblllty of coastmg by the 
selected channel 

Computer Output 
When the FTL Interrogator 1s used 

with the Sperry rotatable-panel plctorlal 
computer, the shaft rotation In the mterroga- 
tor 1s changed to a voltage, and this 1s con- 
verted back to shaft rotation by a servosystem 
In the computer 

It appears that the mechanical rangmg 
unit of the Interrogator could be placed m 
the computer, In which case the rangmg unit 
would drive two potentiometers In the course- 
lme computer Instead of the present smgle 
potentiometer m the Interrogator and would 
also provtde direct mechamcal shaft rotation 
for the posltlomng of the plctorlal computer 
This arrangement would ellmmate the com- 
puter servoampllfler and the course-lme 
drive motor The accuracy of the computer 
would be Increased by the elmnnatlon of this 
clrcuxtry 

Another possible arrangement might be 
to place only the gomometer and the pulse- 
selector potentiometer of the mterrogator In 
the pxtorlal computer and to drive them by 
means of the computer-posltlomng drive 
motor In this case the plctorlal-computer 
drive motor would posItIon the two potentl- 
ometers of the course-lme computer, the 
gonlometer of the Interrogator. and the 
pulse-selector potentiometer A means for 
provldmg retrace search would have to be 
added These plans have not been worked 
out m d&all, but It 1s antlclpated that a 
modlficatlon of this nature wlllbe mvestlgated 
and xnplemented If It LS found advantageous 

Dual-Antenna Operatmn 

’ 
As the DME ,s added to the axways. It 

may develop that the present memory CL=- 
cults are msufflclent under all condltlons of 
operation In the event that arcraft struc- 
tures mterrupt the lme-of-sight path of the 
radio to the extent that the memory 1s ex- 
ceeded or the loss of accurate contmuous 
mdlcatlon cannot be tolerated, a system for 
automatlcally swltchmg to a second antenna 
may be desirable A clrcult which accorn- 

1 pllshes this operation has been devised and 
flight-tested See Fig 23 

Fig 23 Antenna Transfer Swltcn 

Flag Alarm 
A flag-alarm clrcult 1s used to warn 

the pilot or to actuate the computer when the 
DME mdlcator reading 1s In error and should 
be dIsregarded An mdlcator flag-alarm 
clrcult was added to the FTL mterrogator 
at this Center The present clrcult, with the 
new memory clrcult added, provides a flag 
alarm during search and memory Smce the 
equipment 1s InoperatIve durmg the 90-second 
warmup. It 1s planned to provide a flag alarm 
durmg warmup and search and to remove the 
alarm durmg memory Distance mformatmn 
durmg memory 1s useful mformatlon and 
wvlll be dlsplayed 

Receiver Crystals 
Four receiver crystals have become 

moperatlve durmg bench- and flight-testmg 
operations Some of the crystals have falled 



to produce osclllat~on, and some oscillate at 
an mcorrect frequency The cause of this 
defect 1s not known Engmeers at the Fed- 
eral Telecommunlcatlon LaboratorIes are 
currently mvestlgatmg the trouble It 1s 
not believed to be m the oscillator clrcult, 
because the transmitter uses a smnlar 
oscillator clrcult and Its crystals have not 
given any dlfflculty to the present twne 
Replacement of the crystal corrects the 
trouble Any necessary modlflcatxons to 
amend this malfunctlonmg xv111 be made at 
this Center 

Some dlfflculty has been experienced 
with the crystal-contact clips, they some- 
times become deformed and fall to make 
contact with the crystal termmals If thx 
trouble recurs, new chps ~111 be deslgned 
and Installed 

Tachometer 
The mechanIca rangmgumt uses a d-c 

motor as a generator for the remote-rate 
lnformatlon This motor also provides a 
voltage which 1s compared with that of the 
velocltymorder to produce an error-velocity 
voltage which controls the speed of the track 
motor Tins component 1s called a tachome- 
ter Several have developed open wmdmgs 
The cause of this trouble 1s not known The 
maxxnum voltage developed durmg track 
does not exceed the ratmg as given by the 
manufacturer, and the tachometer IS con- 
nected to the grid of a tube through 680.000 
ohms, which fact thereby ehmmates the 
posslblllty of a current overload This 
trouble ~111 be mvestlgated further, and an 
effort ~111 be made to correct It A new 
component may be required 

DME TEST EQUIPMENT 

General 
A brief dlscusslon of recent test equip- 

ment 1s Included because this equipment and 
Its related procedures are as Important as 
the DME Itself to satisfactory operation 

Track Sxnulator 
It was recogmeed that there was a need 

for a device which would sxnulate a trans- 
ponder and an alrcraft m flight Smce the 
mterrogator 1s stationary durmg be n c h 
testmg, It was necessary to produce two 
r-f reply pulses of the correct spacmg and 
frequency and to mcrease or decrease pro- 
gresslvely the tune delay between the 
mterrogatxon pulses and the reply pulses 

An r-f sIgna generator was avaIlable 
to provide the necessary r-f pulses with a 
manual delay control The delay was varied 

by manually posltlonmg adelay multlvlbrator 
potentiometer The slgnal generator has 
been modlfled by addmg a switch and a 
microphone Jack The switch dlscannects 
the signal-generator potentiometer, and the 
Jack places the simulator potentiometers In 
series with the signal-generator potentlome- 
ter Inthlswaytrackmgmay be accomplished 
at any workmg distance 

The tracking simulator uses a 
5000-rpm. 400-cps motor generator to drive 
the track-swnulator potentiometers, which 
are m series with the manual potentiometer 
of the slgnal generator A gear reducer with 
a ratlo of 10,000 to 1 1s used between the 
motor generator and the track-simulator 
potentiometers The trackmg speed may be 
varied over a range of about 100 to 400 rmles 
per hour (mph) Five lO,OOO-ohm potentl- 
ometers m series are used m the track 
smnulator to reduce the sIgnal-generator 
delay Jitter The generator 1s connected to 
a m~croammeter which mdlcates the motor 
speed This 1s a rough mdlcatlon of the 
tracking speed However, smce the multi- 
vibrator delay does not mcrease lmearly 
with resistance. the meter cannot be read 
directly In mph In order to secure trackmg 
speed, the tnne needed by the DME dxtance 
mdlcator for a one- or ten-mile course 1s 
establxhed, and the measured tune 1s 
converted to mph 

Smce the sxnulator potentiometers are 
dlscontmuous, the front panel 1s provided 
with a dml light which 1s turned on when the 
wipers are not makmg contact This sxnula- 
tar has proved to be very useful because It 
permits trackmg mthe laboratory where full 
test equipment 1s avallable It 1s economical 
because It elmunates the necessity of test 
flights when routme trackmg 1s desired 
Figs 24 and 25 show the track snnulator 

Fig 24 Exterior Vxew of 1 rack Smnulator 
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F,g 25 I”ter,or View of Track S,mulator 

DuMont Osclllograph Type 256-D 
Th,s osclllograph has been mod,fled so 

that the markers and video may be v,ewed 
slmulta”eously The purpose of th,s change 
was to prov,de a means of accurately posl- 
t,o”,“g the delay-lme co,ls The marker- 
osc,llator crystal was changed to 142 8571 kc 
so that seven-m,crosecond markers would be 
avaIlable Th,s ehmlnates the “ecess,ty of 
mterpolatmg between markers or of relymg 
upon a hnear-sweep d,al cal,brat,o” All 
delay-1,ne co,ls of the FTL Model DIA at 
th,s Center have been adJusted to use th,s 
modified asallograph 

Standard Federal Always Test Rack 
There has been rece,ved a new test 

rack wh,ch should Include the followmg 
,TlaJOr UnltS 

Pulse counter 
Wavemeter and power detector 
Osc,lloscope 
UHF s,g”al generator 
Video pulse generator 
D,rectlonal coupler 

To date, the s,g”al and pulse generators have 
not bee” received The pulse counter, wave- 
meter, osc,lloscope. and d,rect,onal coupler 
have been used w,thverysat,sfactoryresults 
The wavemeter has a very sharp response 
and ,s very convement to use Sufflclent 
test,“g has not been accompllshed to permit 
comment concernmg the accuracy of the 
equpment rece,ved 

CONCLUSIONS 

0” the bas,s of the bench and flight 
testing performed at th,s Center, the conclu- 
510” 1s reached that the FTL Model DIA 
,nterrogator represents a substantial ad- 
vancement I” a,rbor”eDME It ,s reasonable 
to assume that th,s ,“terrogator, with a few 
modlflcatmns, would be ent,rely sutable as 
product,o” eqwpment for general use It 15 
believed that the mod,flcat,ons descr,bed 
have unproved ,ts rel,ab,hty Several of 
these mod,f,cat,o”s have bee” ,“corporated 
Into DIA interrogators wh,ch are bemg evalu- 
ated by commerc,al a,rl,nes flymg the New 
York to Ch,cago a,rway, wh,ch has full DME 
ground lmplementat,on The mod,f,cat,ons 
were not ,“te”ded to represent the ultunate 
,mproveme”t poss,ble but were made to 
obta,” the most rel,able operat,on I” the 
shortest t,me with the means avaIlable 
The d,ff,cult,es experienced are presented 
,n a” effort to localize the defects I” the 
developmental equpment pr,or to productmn 

The problem of sta”dard,zmg pulse 
spacmgs w,ll requre a standard,zat,on of 
test procedures, and ,t ,s bel,eved that pre- 
c,s,onosc,lloscopesw,thseve”-microsecond. 
crystal-controlled markers are adequate to 
satisfy the system requrements Add,tlonal 
facts co”cer”,“gth,s problemwll be revealed 
as system test,“g IS mtens,f,ed 

Transmtter-frequency sta”dard,zat,on 
~111 requre further ,“vest,gat,on The accu- 
racy of present test equpment ,s hardly 
adequate It ,s bel,eved that more accurate 
frequency-measur,“g eqmpment xv,11 be re- 
qu,red for interrogators us,“g aft or 
temperature-controlled transm,tters 
Improved aft clrcu,try may be requred 


