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AN AUTOMATIC MONITOR SYSTEhl FOR RADIO RANGES 

Radio range systems are the p-me navIgatIona ad to flying in the Unlted 
States and the need for a monltorlng system for the courses produced by these ranges 
has been evident for some time The vdr~ous Ironltorlng methods employed up to the 
tx,,e of this report are reviewed and the details of a new completely automatic monl- 
torlng system are described Ths monitor equipment was Installed to monitor both 
the IndIanapolls and Salt Lake City radio ranges and extensive tests were made to 
aetermx,e the operating characterlstlcs of the equipment at each locatlon It 1s 
concluded that a satxfactory automatic momtar system has resulted from thx 
development ana that future monitor equlpment should contan most of the automatx 
features provided in this equlpent 

INTRODUCTION 

The necessity for the provxlon of monitor equipment for radio ranges1 has 
been realleed for several years. Various monitoring methods have been xwestlgated 
in an effort to deterrmne what features should be adopted for the ultimate monitor 
system The most common method and the only one that has been adopted throughout the 
country consists of two general types of momtor stataons. One 1s called the distant 
radio range monkarmg station and the second 1s deagnated as the local radio range 
momtor All radio range statlons are assigned one or moi-e monitors located at distant 
"off-course" and q on-couTse~ 1ocat1ons Course shifts and timbre changes are more 
easily detected by "on-course" monitors while 11nk clrcult relay and keying ui-egularl- 
taes are recognleed more really at 'off-course" monitors On-course momtors may be 
located either exactly on the course or in the twilight area while "off-course" monl- 
tors are located where a predormnant "A" oi- "N" 1s present Each distant monitor sta- 
tlon 1s required to check the operation of the range at least once each how and con- 
tlnuous manltorlng may be accomplxned when any unusual condltions exist Distant 
momtor statlons are usually located at a$Jacent radlo range stations, marker statlons, 
or weather reporting statlons At Salt Lake City, for instance, monltorlng of the 
south, west, and north legs of the Salt Lake range 1s provided by the TIntIc, Wendover 
and Plymouth, Utan, range statlons The Albany, New York, range 1s monItored by the 
Glens Falls weather reporting statlon on the north course and the Utxa radio range 
statlon on the west can-se 

Continuous local monltorr,g of all radio range stations 1s provided by a 
i-ecel~er located ln the Coxmunxat1ons StatIon associated mth the local range CO!I- 
munxatlons StatIons a-e ordlnarlly located at axports which may be 2 to 10 miles from 
the range statlons In this type of monitoring the range course monltored 1s the one 
which passes over or near the alrport 

Several aux~llary monitor systems have been installed at a few range statlons 
throughout the country At Washington, D C , a range coui-ae momtoi- has been Installed 
consx&l?g of a detector unit located on the range plot and a simpllfled morntor equip- 
ment m the range station The detector unit conslsts of a vertxal antenna and a one- 
tuk? rectlfler The detector 1s so located as to receive an on-course signal The 
locatlon of the detector, huwever, 1s not on the true on-course as deterrmned by the 
radlatlon fxld This displacement 18 due to the proxLmlty of the detector unit to 
tne tower radiators The monitor does not, therefore, lndxate the posItIon of the 

1 D EC Stuart, "Cx-cult Design for Low-Frequency Fadlo Ranges," TechnIcal 
Development Report No 23, November, 1939 



try radlatea course rrhlch 1s used by ax-craft in flight The audio sqnal provided 
by the detector onlt IS transmItted ty cable tc tte range statIon ano ti-e monitor 
eqlnpmerr. This equpment consists prriclxlly of a copper oxide rectlfler, a micro- 
ammeter ana a phone Jack The andlo signal received by the aetector 1s rectlflec and 
the du-ect-clwrent slpnal 1s apFl=ed to the rlzrcammeter for visual ronltorlng of the 
range s1gwJ The au010 signal 1s also a~vllea tc the phone jack for aural monitor- 
xlg of t-e range This aural signal 1s also xeful in .adJustlng the link crcut 
relay for mlnlmum key clicks No effort 1s made to transmit the signals to the Com- 
mmncat~ons Station where the opnratlng personnel are located The equipment 1s 
useful, Mewfore, only to W-e ma~ntenaqce perscnnel anc cannot be consloerea as meet- 
1ng all of t,e essent1a1 requi-%Ents of a monitor system 

At other locations 'r,onltor systems have been used whxh provide lndlcator 
lights workuc frorr the rectlfxd output of the axport communxatlons statlon rronltor 
i-ecelver These systems are not posltlvn and only ;ndxate on the course at the au-port 

Wt, an effective lronltor systen It 1s essertlal t'al the operating personnel 
be given contuuous pasltlxe lndlcatlon of toe condltlon of the flnal approach course 
This 1s the course reciprocal to We course passing over or adjacent to ihe axport 
In the usual lnsti-ument approach, axcraft proceed alar= +ateier course they are fol- 
lolmng to zhe cone-of-silence marker area me cone-of-silence marker or 7, lnrker 
radlatss a nai-1‘07, vertlcz1 beazr whxh, w+en recelied OL? ooard the alrcraft, operates 
a light on the Instrument panel of the au-plane This Ilgtt glvcs tme pllot posltlve 
u,oxatlon that he 1s duectly over the range statlon After pass;ng the cone-of- 
sLence area the au-craft oroceeds out, away from the statlon along the fIna approach 
colrse Upon reacrlne a ?recetermlned point such as a fan marker, tte pilot makes a 
180' procedure turn and proceeds toward the statlon along t'e flnal approacn course 
The fan marker rad;ates a fan-shaped vertical bean which operates a 11&t on t'-e =I,- 
strument panel of W-e au-craft and provides a aeflnlte "fxc" point for the pilot 
UntC the 180' turn 1s made, thp pllot namtams sufflclent altltLde to clear all 
obstac:es such as high nountalns and towers After the turn Pas teen made the pIlot 
begIns hx let-dowo at a given rate aependr,e on his dxtance from tne alrpcrt He 
agau, passes over the cone-of-silence at a speclfled altitude ana gets a deflnlte 
posItIon "fix" and proceeds to tte auport for a landing Range stations are usually 
so located that either the range course opposite to the fu,al approach course or the 
proJection of the fu,al approach course lasses over the auport FVhen the course 1~ 
tte dxectlon of the ax-port passes over t'le axport, the pllot follows this course 
in from the core-of-silence marker Wher the course does net pass over the axport, 
the pIlot mau,talns a ,vo rompass heading which has been establlshed dui-lng his 
descent along the fIna approach cou-se and proceeds to the airport with this heading 
In any case, rt can be seen that It 1s more essential to monitor the flnal approach 
course ttan other courses provided by the range system It 1s absolutely necessary to 
know that the course uoon which the let-dorm 1s rade 1s correctly allgned and that the 
range 1s f>Jnctlonlng xoperly I" thx area Thm 1s partxularly true where there are 
high nountalns or other obstructions on either side of the aporoach course and where 
anj, appreciable devlatlon of the course toward these obstrucslons would prove fatal I,, 
an Instrument approach 

Local monitor rece~vlng equipment at the auport caqnot meet these requrements 
These monitors can only lncxate ttat the range 1s operatx,g and that the allgnnent of 
the auport course 1s approxurately correct 

Dxtant nonltor stations pro-de an accurate lndlcatlon of the al1plment of 
the cowse and the general operation of the range under statx-free condltlons, when a 
cortu,uous watch 1s malntalned at the monitor receiver W,en even moderate static con- 
dltlons prevail, however, lt becomes dlffxult to Interpret tPe received signals and 
mtn heaiy static It IS practxally Impossible to determine anythIng about the range 
except t4at 1t 1s operating Because of the low slgnal level at distant monitor sta- 
tlons the static level oftw exceeds the sqnal level The average distance of distant 
monitor StatIons from range stations 1s approx1mate1y 70 ml105 At this dxtance the 
sIgna u,tenslty from the range nay be as low as 45 mlcrovolts per meter on the high 
power 400 watt stat1ons At most dxtant morntar statlons It 1s requu-ed that the 



range be checked only once an hour and It 1s possible that an operator who was busy 
perfomng other tasks assIgned to him would not notlce any deviation of the range 
occurrIng outsIde of the requxed monitor period All of the monitors that have been 
described provide an aural signal only oi-, XI some oases, a visual signal to be ob- 
served on a meter or by lndxator lights In the case of the aural signal, It 1s 
possible for the operating personnel to become so accustomed to hearing the range 
signals that the signals are subconsciously but unmtentionally Ignored and any devla- 
tlon of the range would not be notxed hetiately The visual signals provlded by 
some of the systems are such tPat a continuous watch would have to bs max&med on 
the lndxatmng Instrument In order to detect changes il? signal compositlon. In most 
cases this cannot be accomplished sxxe operating personnel have other dutxb to per- 
form and cannot watch the lndicatlng instrument contluuou$ly 

The most desirable nonltor system would be one that provides an unmistakable 
automatic alarm to ground personnel whenever certain faults occur. It would further 
be desrable to warn the pIlot automatxally by means of ce,taln signals supertiposed 
on the i-dnge signals It was decided, therefore, that the fqllowing services should 
be furnIshed by the future monitor systems 

I:; 
(2) 
(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

The monitor recel~er should be located on the final approach course 
The received aural signals should be transrmtted to the Communlca- 
tlons Statlou and all a~lr~ offxes 
Visual signals lndicatmng course deviation should be provided at 
the Comuwicat~ons StatIon and the airllne offxes 
An alarm system should be actuated by the monitor receiver whxh 
would automatically operate sli-ens and red lights at the 
Communlcatrons Statlon and in all the axline offices whenever 
the follmng radio range iaults occurred. 
(a) Whenever the range course moves more than plus or 

mlnus 3’ 
(b) Whenever the 1x2~ crcult relay becomes locked on 

(c) Whenever the link clrcult relay falls to produce 
Interlocked A's and N's 

(d) Whenever the radiated field drops belon 50 per cent 
(e) Wenever more than one-half of the statlon 

ldentiflcatlon 1s missmg. 
The characterlstx warning letters XXX should be superimposed upon 
the range signal once during each A-N cycle (30 seconds) whenever 
any of the above faults occurred 
It should be poss~ole to silence each sxen manually but the red 
light should remain lighted until the fault 1s cleared at the 
range statv.7n A green light should Indicate normal operation 
of the range 
A shlelded loop-type antenna should be used for the monitor 
recelve~ to assist Ln the ellmx&lon of statw 
A continuous recording of the aural sIgna should be made mth 
time mndxatlon so that the recorder chart can easily be Inter- 
preted at any tune. 
Voltage reylatlon should be provided to assure stable operation 
of all CU-cults. 

Specifxatlon CAI-.$?~ dated March 20, 1941, was prepared on the basis of these 
requx-ements. A contract was awarded to hrgulde, Inc , Isllp, N Y , on June 13, 1941, 
for the development of one automatic monitor system The equipment was delIvered and 
mstalled at Indlanapolls in June, 1942 



INSTALLATIOh AT INDIANAPOLIS 

or-Course Receiver site Selectlo" 

The monitor equipment vas fxst mstalled at the Clvll Aeronautics Admmlstra- 
tlon's Experimental StatIon at Indmnapolls to observe the operation of the eqmpment 
over a" extended permd The fIna approach course of the Ind~anapolm range 1s the 
west leg and It became necessary, therefore, to select a suitable site on this ccuree 
for the mon~tcr recel~er The orlgmal plan was to locate the monitor receiver not 
mm-e than one oi- two mles from the range statlo" However, at Indmnapolx It nas 
mposslble to obtam a site thx close to tne range that was free of Interference from 
power and telephone lmes and yet had power and telephone service suffxlently close 
for economical 1"stallatlo" As show" I" figure 1, the west course extends for quite 
scme distance along Federal hIghway 40 where ttere are a considerable number of ovei-- 
head power 1~~s and telephone lmes Field measurements made on the ground 1" this 
area mdlcated a very erratic course and at no tme did the course so observed allg" 
Itself mth the true course observed I" flight Thm effect was due to re-i-aclatlo" 
frorr the power and telephone lmes A sultable site could not be obtamed between 
the x,tersectm" of the course mth hIghway 40 and the range statlo" because of the 
maccesslblllty of the ground I" that area Llkemse, It was Impossible to obta" a 
suitable site I" the xmmlty of PlanfIeld due to the bulldmg congestlo" I" that 
locatKl" 

The closest sultable ate was found on property located on the Cartersburg- 
Danvllle hIghway approxmately one-third of a rmle north of hIghway 40 ard approxl- 
mately 5.7 airlme mles from the range statlo" Telephone lmes extended along the 
east side of the hlghway and power lmes along the west side of the hIghway FlgUi-e 
4 1s a photograph taken from the o"-course receiver site shomng the prcxm~ty of 
power and telephone lmes along the hlghway, adJacent to the site mspiacement of 
the course was quite evident "ear these lmes but at 200 feet no mterference was 
noted The receiver ate was located 250 feet from the hlghway and lines, and at a 
dxtance of 20 feet from a fence three feet high tc the south of We site At no time 
was any displacement of the course noted due to re-radxtlon from the fence The plot 
was 25 feet square and was conslderea of ample size since ti-ele were no obstructions 
athIn 250 feet Underground cables wei-e Installed from the hIghway to the site to 
supply power and telephone services. 

All ground checks made to locate the site were made usmg the equipment shown 
I" figure 3. The equipment consisted of a portable axcraft receiver operating from 
12 volts direct current, two sn-volt batteries 1" series to pi-cvlde the required 12- 
volt poser supply, a Weston output meter, a vertxal whip-type antenna and a pax of 
headphones The complete assembled equipment was of a convenient slae and weight as 
to provide a" excellent portable fLeld detector Course devlatlons of approxlnately 
lo could be dlstrvguxhed by noting differences between A and N voltages on tte output 
meter when this amount of devlatlon could not possibly be dlstlngulshed by ear mth 
the headphones The location of the center of the course was found by determr,r,g the 
location of the pants 5O on either side of the course, and dlvldlng the distance be- 
tween these points by two to cbtaln the pant mid-way between them Thx method was 
mere accurate than attemptlng to locate the actual rind-pant mth the field detector 
sxnce 5" devlatlcns can be much more easily observed on the output meter than the on- 
CcurSe point Upon completion of the ground check with the portable detector unit, a 
flight check was made to deterrmne If the course as observed on the ground -was 1" the 
same posltlon as that observed I" normal flight Complete agreement between the ground 
check and the flight check was obtaned 

The equipment that would normally be installed 1" the Communxatlons StatIon 
was Installed 1" the Fxperxnental Statlo" at Ind1anapolls I" order that extensive tests 
could be carried on Rthout dlsturblng operating personnel Thx x,stallatlon required 
the use of a" extra telephone line from the Fxperimental StatIon to the Cmmnunxatlans 
Statlo" that would not be required in B normal lnstallatlon Flgure 2 1s a block dla- 
gram shom"g a normal w,stallatlon and the xnstallatlcn at Indlanapolls FQIX~ 5 1s 
a more complete block dx.gi-am of the Indxnapolls lnstallatlon 



The remote recelvlng equipment consists of a receiver, a loop antenna, and a 
voltage regulator. figure 6 1s a photograph of the i-emote recelvlng equipment and 
flgure 7 1s a SchematIc diagram of the remote receiver 

On-Course Receiver 

The remote receiver 1s a ccnventlonal crystal controlled euperhetercdyne alth- 
out autcmatx volume control. The receiver Input clrcult ccnslsts of a balanced 
tuned loop connected to the receiver through a short shIelded plug-~ cable One 
radlc-frequency ampllfxr stage 1s pronded using a 6SK7 tube The Image frequency 
response 1s 90 db belox that of the desired frequency response The crystal stage 
employs a 655 tube and the output of this stage 1s used to feed the suppressor grid 
of the frst detector whxh 1s a 6SA7 Sufflclent excltatlcn 1s prcvlded so that when 
the excltatlcn voltage 1s reduced to 2j per cent of normal there 1s only a change of 
1 6 db in the output voltage FIgwe 8 shows the excltatlcn characterxtx One 
stage of mtermedlate-frequency anphfxatlcn at 175 ~lccycles 1s provided by one 6~7 
tube The degree of selectlvlty prcvlded by the Intermediate-frequency stage 1s such 
that the attenuatlcn at a point 2 kllccycles off resonance 1s apprcxlmately 6 db 
This attenuation xx~eases to approximately 60 db at 8 kllccycles off resonance. One 
type 6507 tube 1s used as a second detector and first audlc ampllfler The dlcde 
detector sectlon of the tube prcvldes linear detectlo" mth modulation percentages 
varying from zero to 100 per cent The detector characterlstxc 1s shown I" figure 9 
Peak noise 1s lmted to 100 per cent mcdulatlon by V7, a 6X6 rectlfler A L020-cycle 
band-pass filter 1s Inserted betrreen the first and second audlo ampllfler stages, so 
that only the 1020-cycle range slgnals appear at the output of the receiver VCUX 
signals and extraneous nclses are greatly attenuated by this filter The fIna audlc 
ampllfler 1s a 655 tube and 1s capable of prov~~lng a maxll~~um output of 170 mllllwatts 
The output clrcult 1s deslgned to feed a @O-ohm ungrounded telephone line In acccrd- 
ante mth comaon telephone practxe, the Input to the telephone line 1s malntaned at 
one n'llllwatt Figures 10 and 11 show the receiver nclse rejectlo" and volume control 
range, respectively A voltage regulator IS prcvlded to further inure receiver cut- 
put stablllty Figure 12 1s a photograph of the top of the chassis of the on-course 
remote receiver 

General Descrlptlcn of Mcnltor 

As lndlcated I" figures 2 and 5, the output of the remote revaver was con- 
nected to a telephone line extending from the remote receiver site to the laboratory 
of the Experimental StatIon The output of the line at the Experimental StatIon was 
connected to the range monitor equipment show" I" figure 13 A rear view of the 
assembled monltcr equipment 1s shown I" figure 11, 

The SIgnal received by the on-course receiver 1s normally a steady tone prc- 
duced by a" Interlocked A and N signal If the course shifts, a difference m signal 
strength between the A and N ml1 appear Course dexatlcn 1s lndxated, therefore, 
by meaeurlng the difference m lntenslty betaeen the two signals To meastre and 
compare the xitensltles of the A and N components, the combined signal 1s fx-st ampll- 
fled, then separated, and each component 1s fed Into two different channels There, 
each separate signal 1s rectlfxd and the direct-current output of each channel 
ccmblned I" opposite pclarlty to feed a balanced bridge clrcult When the range 
course 1s properly allgned, the output of the A channel 1s equal and cpposlte m 
pclarlty to tne output of the N channel and zero voltage appears at the bridge QJhhe" 
the course shifts, the SIgnal from one channel predcrmnates and the resulting pcsltlve 
or negative voltage unbalances the bridge causing a zero-center instrument to lndxate 
right oi" left of center depending upon the pclarlty 

An auxlllary off-course keyer receiver 1s used to separate the on-coui-se slg- 
nal Into Its orlglnal A and N components Thx receiver 1s placed III a" off-course 
pcsltlon and provides pulses whxh alternately bias to cut-off the two separate chan- 
nels I" synchronism mth the transrmtted signal Thx allows one ampllfler to operate 
durwg the A slgnal and a second ampllfler to operate during the N signal 



Other dlscrepancles in the range swh as locked link circuit relay, improper 
kepng by the link cxcult relay, reduction of power, and lack of statlo" Identlfxa- 
tlon are detected by electronx and mechanical txr,e delay relays 

Off-course Keyer Receiver 

The alualxry off-course keyer receiver 1s subetantaally the same as the on- 
course remote receiver except that a" automatic v~1um.e control and a squelch control 
have been added A schematic diagram 1s shown I" flgure 15 This receiver should be 
located as far off-course as poaslble 1" order to pi-ovlde a deflnlte A or N impulse 
The ratlo 6f A to N signal intensltles of 2/l or better 1s deslrable The equ1poent 
1s deslgned to operate, however, mth Sl&‘“d ratios of l/l 25 by careful adjusw,ent 
of the cE"cuits. Signal ratios of this order frequently occur at Commwlcatlons Sta- 
tlons and a ratlo of l/l 27 was measured at the Experimental Station ThlS rat10 was 
measured at the output of the receiver with the automatic volume control I" operation 
Blthout automatx volume control this ratlo became l/l 32 Smce the ratlo exceeded 
l/l 25 the off-course keyer receiver was located I" the same relay rack with the re- 
maining monitor equipment as shown 1" fl&i-e 13 The loop antenna for the off-course 
receiver 1s mounted on the top of the rack while the receiver itself 1s the top unit 
mounted I" the rack At locations where sufflclent ratios of A to N are not wallable, 
the off-course receiver would be located at another point and the output fed through a 
cable to the monitor equipment It 1s usually possible to Ilnd a sultable locatlon 
withIn axport property and where long telephone 1~~s are unnecessary 

A squelch cxcuit 13 xxluded m the off-course i-ecelver to elirmnate the un- 
wanted weaker signal At Indlanapolls the N signal was used to operate the electronx 
keyer 1" the monitor and the squelch control effectively elirmnated the urnranted A 
Slg”d The squelch control 1s incorporated I" tubes V5, V7, and V9 The second de- 
tector, V5 1s a type 6~8 tube One diode of the tube E used to provide linear detec- 
tlon slrmlar to that show" I" figure 9 for the on-course i-ecel~er The audio signal 
1s passed through a 1020-cycle band-pass filter, svrular to the on-course Fecelver, 
and ampllfled by V7 Part of the audio output 1s rectlfled by the second diode of "5 
and the direct-current voltage cbtalned 1s used to control a direct-current amplifier 
provided by the pentode sectlo" of V5 ResIstor ~26 1s common to the plate circuit 
of the drect-current ampllfxer and the grid-cathode clrcult of a.mpllfler V9 The 
direct-current ampllfler, V5, has a sharp cut-off actlon so that the rectified bias 
produced by a" audio sIgna of a certain value from the second detector IS sufflclent 
to cut off this tube When no c.ui-rent flows through R26, V9 ampllfles I" a normal 
n!anner If the modulation drops appreciably, however, the bias 15 no longer suffl- 
cient and the plate of V5 draws current through R26 Tne voltage drop across ~26 
biases V9 to cut-off blocklng any audio from bang transrmtted to the output stage 
The receiver at Indxnapolis Was located apprOrFmately 7o from the course I" the N 
sector mth a ratlo of A/N of l/l 27 The drect-current ampllfler squelch control 
mas adJusted so that the N signal Just tripped the drect-current ampllfler, V9 ampli- 
fled normally and the N signal was heard at the output termnals The A signal d1.d 
not have sufflclent strength to operate P5 thereby cutting off V9. Therefore, mth 
nearly a" o"--course signal, only the N signal was heard at the output terrmnals 
Figure 16 shows the operating characteristic of the squelch circuit mth various degrees 
of control 

lAhe" the squelch circuit wae properly adjusted, received ratios of A/N signals 
of 1 27/l provided output ratios of 5/l The squelch control should not be advanced 
to a point where only a" "N" signal M produced at the receiver output terrmnale when 
the receiver IS operated mthin loo of the course If this is done the "edges" of the 
N signal pulses become rounded Instead of square and a time lag 1s introduced which 
mill prevent sharp keying of the keyer cxcuits I" the monitor A flat automatx 
volume control chwacterlstlc 1s required I" the off-course receiver to enable the 
squelch clrcult to function properly over a Rde range of field strengths The auto- 
matlc volume control characterlstlc of the receiver is show" in figure 17. Figure 18 
is a photograph of the top of the chassis of the off-course receiver 



Airport Monitor Equipment 

figure 19 1s a schematic diagram of the airport monitor equipment The signal 
transrmtted to the axport from the on-course recelvor 1s connected to the terminals 
marked INPUT The off-course receiver output 1s connected to the teinnnals marked 
KEYEEl The on-oourse slgnal 15 amplified by Vl, and Introduced through an attenuator 
network to the grids of V? and VE! At Indianapolls the off-course receiver was located 
in the N quadrant Under thx condition VB and W comprise the channel whlci- ml1 
amplify and rectify the N signals only, and V7 and VlO comprise the channel which ~11 
amplify and rectify the A signal 

The N signal from the keyer receiver 1s amplified by V3, and rectlfled by the 
diode sectlon of V4, produclrg negative drect-current N pulses whhlch are fed to the 
grid of the pentode sectlo" of V4 The trlode section of V4 is a direct-current ample- 
fler Blth no bias on the grid of V4, the plate draws current through resIstor R25 
which 1s also common to the grid-cathode c=cu1t of ampllfx?r tube VS. The voltage 
drop through FL25, caused by no bias on V4, blase= V8 to cut-off and prevents the tube 
from ampllfylng %nrlng the N sIgna the grid of V4 1s supplled alth negative voltage 
from the dxde rectlfxr V4 1s bx+.sed to cut-off, the voltage xi-ass FQ5 becomes 
zero, and V8 functions mth normal bias from the cathode resIstor W7 Therefore, 
during the N Impulses VS ampllfles and allows the N poi-tlon of the on-course signal to 
be ampllfled Ewing the remander of the cycle V8 1s cut off, effectively blocklng 
the passage of the A slgnal The N port=@" of the received I"-course sIgnal 19 thus 
arpllfzed I" VB and rectlfled by V9 A dxect-current voltage appears across F&R whxh 
1s proportional to the lntenslty of the N signal received at tne on-course receiver 

The A channel fuixtlons in a like manner The N signal from the keyer receiver 
1s rectlfled by V5, Into posltlve drect-current pulses. V6, a direct-current ampli- 
fler whose plate clrcult reslstor ~36 1s common to the grid-cathode cxcult of V7, is 
normally biased to cut-off by cathode resistor, voltage dlx?tder R34-R35 The posltlve 
pulses from V5 during the N signal cause V6 to draw current through resxtor ~36 The 
voltage drop across ~36 therefore biases V? to cut-off during the N portlon of the 
cycle, thus blacklng passage of the N signal As V6 1s blased to cut-off durvg the 
A x&rval, there 1s no voltage drop across ~36 

The A portIon of the recelved on-course signal 19 thus ampllfled m V7 and 
rectlfled by VI0 A dxect-current voltage appears across R49 which 1s proportional 
to the lntenslty of the A signal received at the on-course receiver 

Resistors EL&8 and FL49 are connected In series such that the polarltles of the 
voltages across them oppose each other. The voltages that appear alternately acroee 
each resistor are applred to a resistor-capacity filter R50 and CZO-C21 This filter 
smooths out the pulses of opposite polarity and a resultant voltage of zero 1s obtained 
when the A and N signals are equal If the N 1s stronger, a resultant posltlve voltage 
mth respect to ground appears across C20-C21 equal to the difference between the two 
voltages Similarly, when th? A 1s greater a resu'ltant negative voltage appears across 
c20-c21 

Vll, 812, and V13, are type 655 tubes comprising one a-m of a bridge The zero- 
center lndxatrrg instruments are connected ln ee~les BCP05s the bridge from the tube 
plates to the junction of the opposite arms R53 and R54 The grlds are connected to 
the output of the resistance-capacity filter At zero grid voltage the bridge 1s bal- 
anced by R55 and no current flows through the instruments A posltlve oi- negative 
voltage applied to the grids ~lll unbalance the bridge and cause a current flow which 
l~lll actuate the instruments 

Sensitive relay RLl 15 connected m series mth the instruments men an off- 
course devlatlon of 3' occurs, 2 rmlllamperes dxect current flows through the meters 
and relay RLl 1s set to close at 2 rmlllamperes co11 current This relay actuatea 
tame delay clrcults xhhlch then operate the warning system. 



The A-N keying cycle is interrupted every 30 seconds to key the statmn Iden- 
tlflcatlon sqgnal. Therefore, means are provided to prevent the mdicators from show- 
ing an off-course devlatlon and operating the rrarnlng devices during this period Part 
of the same crcults whxh i-emove the lndlcatlng clrcult during statlon identlfic'atlon 
also monitor the keying, the statlo" ldentlflcatlon signals and the signal strength 

The Input from the remote receiver 1s fairly constant during an A-N cycle This 
sqnal 1s ampllfled by VU+, and rectlfled by Vl5 The rectlfred current 1s used to 
actuate the recorder to provide a record of the received on-course sqnal The voltage 
developed across the rectlfler load resistance 1s applied as negative bias to the grid 
of the grid-controlled rectlfler Vl6 The bias 1s adJusted 50 that If the i-ecelver out- 
put were to drop to one-half normal, Vl6 ~01 rectify and energlze relay RL2 At the 
end of a" A-N kepng cycle, there 1s a short period of zero output before statlo" Iden- 
tlflcatwn keying beglns At the lnstnnt the output drops to zero, RL2 IS energized 
by the rectlilcat~" of vl6 RL2 operates relay RL3, which 1s used to provide a slight 
time lag FS3 energlees latching type relay- RL4 vrhlch closes and locks ET.2 and F&3 
vnll pulse during ldentlflcatlon keying but RU ml1 rem&l" latched RI4 opens the 
cu-cut to the meters and relay Xl, causln~ the alarm system to be lnoperatlve to 
course devlatlons during the statlon lcentlclcatlon keying RL4 also energ1aes time 
delay relay XL9 which 1s set to close at ihe begInnIng of the next A-N cycle F&9 
closes at the end of the statlo" ldentlficatlon, opens the cli-cult to tune delay relay 
RLE and releases RL&, placlna the lnalcatlng system back I" operation when RI& 13 
released, time delay relay RL9 1s alsc aemcnergxed m9 then energizes RL8 which 1s 
set ior sl~htly iess than the tlrre for one A-N cycle or approximately 27 seconds If 
the signal drops to 50 per cent of Its ncrral lntcnslty or the keying 1s not inter- 
locked during t-e A-:' cvcle, RL2 and RL3 >nll close or pulse mth poor x,terlacklngs 
w ~111 not be e-erglzed and mll stay open since txre aelay relay RL8 ml1 not close 
until the ena of t,e A-N cycle to car?lete the clrcklt to Lw, With RL2 and F&3 
closeo or p,.lsin~ a?d EL/, open, the clrcu:t from the grlo of V18 through open RLf, and 
clcsed RL3 to ground pm11 se corr,pleted, ard the alarm sj&em lmll fun&lo" 

VlR I- d grl3-coatlolled I-ype 2351 r?rtiller actan,- as a hold-over relay oper- 
etmg the alarms Tr,t cathode of VM 1s ztovf cround by plus 43 volts. In normal 
03ertt10- tl e p iti 1s at cathode pate-tlal thrauih resistor ~62 and VU rectlfles 
RL6 1s evrp;zzd 1-d -31~ the alarIT $yS:tIP on &reP" When the grid 1s returned to 
pod-3 thrnuc>b RL? and RL:, oi- oy RL5 or RLl, :le qrd becomes negative by &3 volts 
VlE; 1s cut oil, R;, opc~s ana the alarms 1re actuzted C30 1s charged to ~plnus 43 
volts ,vhen the ~YKI -3 ?roun+:ed Whtr. time cril of VlB 1s rerroved from ground conden- 
ser cjo dlschJrrt-- t' r >"I1 R62 'VhF tke pox-tlal across C30 drops to 2 volts, VU3 
aga;n ret+ lfl25 Kc 1s crerglzcd a-,d tic al-rrrs -re made lnoperatlve If R62 has a 
res1s7znce of 3 mego+"3, t-e cu-cult NT:- iloX reky RL6 open for 30 seconas after the 
gnu ClrL"_t has optrEd T-us, If the ~terlocked keying becomes poor, the monitor 
cu-cult ~111 actect It as a strles of FJ~CFS of rL2 and 3L3, a pulse occurring whenever 
the mtz-lockln,c 1s poor As long as tre r~l,;s OCC?LT at a speed greater than 1 pulse 
I" 30 seconds, the grid of Via fill rcmaln ?ore tba" 2 volts "egatlve and the alai-m 
ml1 be held on contx,uously 

V17 1s another crld-cort;olmLd ty,x 2051 recil:ler acting as a hola-over relay 
$0 cP,ecc on statlo" laentlficalLor1 'k"~A1' Lurln; n.-\( irylng F&3 1s open, the grid of 
v17 1s a: ~'OU"i (-43 "olts) ptr~ntlal, '~'17 _I cLt-off ard ;iLj 1s open The clrcult 
from i-i-ounc throu&h RL5 ,nd RU+ to Ihe ~r:a of '118 1s open At the end of the A-N 
cycle relay RL3 closes and iL4 1s latrlled clo-erl Ccrdenser C29 starts to discharge 
tmx+y Rbl The clrc~lt, lrom crc~nd tl,rn,$' RL5 ind RI,/, to the grid of Vl8 1s broken 
t's FL5 Relay XL3 pulses wltl; i~e"tlflcat:on !,cyx< Tre tune constanr. of C29-R61 1s 
set for 3 seconds 16~ If Rij re-,a~n~ closed for ilopc than 3 seconds due to fallwe 
of statIon ~dant~flcatlc" keying RLj ml1 close r_rourdl"g V18 and starting the alarms 
Tke tine coxtaqt of ~2~~61 car, te dccredsed If deared, to slightly more than the 
longest space norrrslly occurrl": 17 we xE"tll1c;t10" 1nterva1 With faulty kenng, 
thx space FIJU pro,arl~ ,e";tk,er, aria enar~lzt the dlarm system. 

:~a; ii6 ~oni~alc t e darm c;slen ZUurmg normal operation It 1s energized 
and "pa-ates the gee" ll,:t WY-en a iadt OCCUTS, nL6 opens and enereees the sirens 
ana red lqhts Each sire" 1s equipped mth a illencing push button. The push button 
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energizes and locks latchI" type relay RL7 Ths opens thk cx-cult to the sire" 
Vihen the fault clears, the release co11 1s energmed whxh resets RL7 and the sue" 
clrcult 

When a fault oc‘ui-s, relay cRL6 also ener~aes relays RLlO and RLl2 RL12 1s a 
elm actmg relay whxh allows RLlO to latch-l" and then de-energxes RLlO RLlO ener- 
mzes the dial keyer motor and relay RLU, rrhlcb connects the monitor system mth the 
telephone lme to the Communications Statlo" equipment The dial keyer dials the "um- 
hers 22 over the line Thm "mber energizes the equlpmxt at the transmitter which 
keys a warning signal on the carrier After the number has been transrmtted, the notor 
stop cam energies the release co11 of RLlO and resets It for the next fault :'he 
motor ,a11 not be Immediately re-energized as RLIZ 1.~ closed and the crcult to RLlO 
1s broke" 

'When the fault clears, RL~ closes, llgtits the g-ree" lights ard e"erglEes RL13 
and i&l1 RLll energlees the dial keyer for another half revalutlon, dials the number 
23 and shuts off the ti-ansmltter aarn1rg signals 

Tube V2 1s used to amplify the received on--course slgnal suffxlently to be 
applied to the phone Jack on the momtor and on all arllne office lndlcators A 
voltage regulator 1s provlded I" the &-cycle power line for all of the electronic 
clrcults to mantan constant operating condltlons 

The monitor equipment 1s actually constructed using four different cbasses 
exclusive of the off-course receiver chassx The first chassx contains all of the 
prellrmnary &Ages of ampllflcatlo", the electronic keyer, the bridge clrcult, and a 
panel contalnlng the lndxator lights as well as the zei-o center lnstrumen? A ghoto- 
graph of the top of this chassis 1s show" 1" figure 20 The second chassis Nhlch con- 
tans the keying relays, the electronic relays and the sire" 1s shown photographxally 
I" flgoi-e 21 The third chassis contans the graphx recorder and the chrmograph pen 
tame clock The time delay relays, RL8 and F&9, and the alarm relays are mounted on 
the fourth chassis 'he dmlmg motor and voltage regulators are mounted on the floor 
of the relay rack 

The recorder pi-ovldea m+,h the equpment 1s a stardard EasterlIne-Angus O-1 
rmlllampere graphx r,etrument, Model AW A sprw+dr~ven mechamsm IS used so rhat 
the recorder ~lll continue to operate during periods of power failure where a Sl"& 
chart speed 1s used contx,uously, accurate tlrmng 1s provided by the chart callh:atlo" 
If a synchronous type of chart drxve was used the recorder Prould stop dui-lng po,uer 
fallwe periods and a complete loss of time record would result 

Remote Indicator - Alarm OnIts 

Figure 29 1s a photograph of one of the remote Indicator-alarm Lnlts that 
would ordlnarlly be installed I" ax-line offIces These units each contan a zc?o- 
center course lndlcatmg mstrument, a red light, a green light, a exe", a p,-ore Jack, 
and a sllencr,g button for the sire" A SIX-wue cable 1s required for t'le Inter- 
connectlon of these un1t.s Gp era lo" of these units 1s ldentxal ivlth that of the t 
lndxators on the mal" momtar unit A schematic d1agra.m of a remote lndlcator-alarm 
unit 1s shown 1" figure 23 WXenaver the green light 1s energwed on the nal" monltar 
unit relay, IU.2 I" the remote unit 1s unenerglzed Therefore, the green light, 12 1s 
energized on the remote un1t.s When the alarm sounds and the red light operates I" 
the ma=" monitor unit this relay 1s energized and the sren, Sl, together vnth the red 
light 11, I" the remote ""Its operate Closing push button, Pl, operates relay RL1 
and opens the crcult to the sire" The red light, however, i-emalne lIghted u"t.11 re- 
lay RL2 opens The meter, IA, 1s connected I" series mth all the instruments 1" other 
remote units and mth the lnsti-ument 1" the ma=" monitor unit The phone Jack, Jl, 1s 
connected I" parallel mth all the other phone Jacks on the remote and ma=" monitor 
unts 

Figure 24 1s a photograph of the equipment as installed 1" the laboratory of 
the Experimental Statlo" at Indianapol~ 



CoI@m”“icatlo”s Statlo” Equipent 

Because of the fact that the Indianapolis installation was made at the Expert- 
mental Statlo" rather than the Commncations Statlon, It eras necessary to provide 
equlpmsnt that would not othemse be reqmred It was necessary to lease another 
line from the &permental StatIon to the Commm~cat~ons Statlo" m order to connect 
to the Stronger control line In addltlon, It was necessary to install three relays 
at the Communications StatIon 1" order to mar&x? proper control of the Stronger con- 
trol 11ne If the Fxperlmental Statlon equlpent were placed 1" parallel mth the 
Communications Station equlpent on the control line, It would be possible to obtain 
a condltlon of simultaneous dialing by the two stations In this case, of course, the 
correct "uaber for ather statlon aould not be dlaled at the transrmttmg statlo" In 
case of aa~or course shifts or other faults it wae bellwed desxable that the range 
narnlng dial pulses take precedence over whatever dial pulses were being transrmtted 
by operating personnel In fact, it might happen that the range warning pulses would 
occur at the same time that Communications Statlon personnel were dlallng In this 
case, It would be neceesan to return the dial cam at the range statlo" to its normal 
posItIon before the range warning signal could be correctly dlaled 

Figure 25 1s a schematic diagram of the equipment installed at the Communica- 
t1ons Statlo" When the dlellng cam of the dlallng system I" the monitor equlpnent 
first starts to turn, a 115-volt, 6Q-cycle, potential 1s placed on the line Thx 
potential operates relay RLU at the Communlcatlons Statlo" mhhlch, I" turn, energ%% 
time delay relay RL17. At the instant RL17 1s energized ana Its contacts closed, re- 
lay RLl6 operates and removes the Stronger control ilne from the Commumcat~ons Statlo" 
eqapment and connects It to the Experunental StatIon monitor equipment Relay RL17 
1s a synchronous tvne delay relay and has auxiliary contacts whhlch apply power to the 
relay to keep it operating after the closing pulse by FL15 has been applied Therefore, 
RL15 can be opened after RL17 has obtalned a short pulse and FL17 till continue to oper- 
ate until the timing mechanism trips. The tlnung for RL17 was set for 6 seconds, there- 
by insuring that the UBXUWJU time that the control line was dlsconnected from the Com- 
munxatlons StatIon equipment was also b seconds This was consIdered more than suffl- 
cient tame to return the dial cam to normal at the range statIon, provided 1t was not 
already in that posItIon, and to dial the range warmng signal on oi- off as the case 
may be 

6y Inspection of the dxl cam show" in flgwe 19 It i~lll be seen that when the 
cam operates, the 115-volt, 60-cycle, potential 1s applxd only for a short time The 
cam 1s then cut so that no potential exists on the line for a brief period ThlS fea- 
ture allows the dial cam at the range to return to normal Then the potential 1s agaln 
applied to the line and one of the range warning numbers dlaled These operations con- 
sume approximately I, seconds At the end of 6 seconds the time mechanism trips RL17 
and the control line IS returned to normal The two second parlod between the end of 
the dialing operation and the return of the line allows ample time for the dial cam to 
reset for any further dialing by operating personnel 

In a normal lnstallatlon where the monitor equlpment is located in the Commune- 
catlone Statlon, the three relays RLl5, RLl6, and RL17 would be unnecessary It would 
only be necessary to make RLU m the monitor equipment a double-pole double-thrw 
relay and the same result would be effected 

When a range fauit occurs, the number 22 1s dlaled on the control line and, 
when the fault clears, the "umber 23 15 dxled The relay procedure is ldentlcal I" 
either case 

Range Statlo" Eqmpant 

Figure 26 shows the circuit arrangement at the range statlon The 1000~cycle 
tone from the audlo oscillator is connected to the transrmtter speech amplifier through 
relays RL19, RLZO and the contacts on the X ca. The X cam is mounted on the same 
shaft and directly above the interlock cam mth the X arranged to key during the same 
interval that the dash portlo" of the N sector 15 transmitted This is done to prevent 
interference tith the off-course receiver which wee the N sectcr signal to separate 



the AN signal I" the monitor If the off-course receiver were placed 1" the A sector, 
the X should be a-ranged over the dash portlo" of the A on the Interlock cam 

When the number 22 16 dlaled, the Strownger bank supplies &3 T.olts direct current 
from terminal 22 to relay F&20 which closes and latches 

'hne delay relay RLl9 1s used to allow the X to key three times before each 
1dentlflcatlon interval It is controlled by contacts on the Interval cam whxh close 
at the beglnnlng of the Identlfxatlon Interval When these contacts close they start 
the txne delay relay lrhlch IS set to run for 26 seconds The contacts of the time delay 
relay are eo arranged that they zre closed when the relay 1s not energaed and open when 
the relay 1s operating 

Thus, RL19 1s operatlng during the 26 seconds and the X keying circuit 1s held 
Open PPnen relay RL19 resets, It completes the keyer cxcult and the letter X ml1 be 
keyed mth each revolution of the Interlock cam At the be&"nlng of the next ldentl- 
flcatlon, relay F&19 1s agal" energized, and stops the X kepng The dlfference be- 
tween the Zb-second settx,g of the time delay relay and tie tm,e of a" A-N cycle pro- 
vides time for three X's before the next cycle starts 

If four X's are desired, the setting of the txr,e delay relay should be delayed 
by the tme of one revolution of the Interlock cam 

If two X's are deslred, the setting of the time delay relay should be advanced 
by tte time of one revolution of the Interlock cam 

Relay RL18 1s also energized when relay RLZO 1s latched closed The contacts 
of EL18 complete the clrcul~ to the rPodulator control relay, holding the modulator on 
for the X keying. 

When the number 23 1s dlaled, the release co11 of RI20 1s e"ergLsed whxh re- 
leases the contacts of RLZO, de-energlzlng RL18, RLl9, and the modulator 

TESTS AT INDIANAPOLIS 

Upon camplet1on of the Indlanapolx x,stallatlo" tests were made to deterpune 
If all the requx-ements of speclfxatlon CAB-426 were provLded 1" the equlpnent. The 
first tests wei-e made rnthout the "XXX" pllot warning signal operating because a" add=- 
tlonal relay was required whxh had not been delivered The recorder chart speed on 
the frst tests was three quarters of an inch per rmnute The clear s1g"al frequently 
mentIoned 1" the text and noted on the records 1s defined as that instant gnrmedxte$ 
follang the extlngulshlng of the red light, the energlzlng of the green light, and 
the termnatIon of the XXX rvarmng signal Figure 27 lndxates that the alarm system 
exclusive of the XXX xarmng signal was working properly for conditions of course 
shift figure 27A is a recording of the aural signal transmitted to the monitor equip- 
ment from the on-course receiver when the course was shifted lo, 2o, 3', and 5' by 
rotating the gonlometer at the range statlo" Course devlatlons on this part of the 
graph were I" a northerly dIrectlo" so that the N signal predominated All devlatlons 
were actually degrees change from the normal gonlometer dial settmg but these were 
considered to be practxally ldentxal to the actual cou~‘se movement Gradual changes 
as well as sudden changes of the course posItIon ,vere made figure 27B is a slrmlar 
recording except that the course movement was toward the south so that the A sIgna 
predormn'ated It ~lll be noted that the alarm did "ot sound for 3' of course shift 
southnard The alarm did sound, however, mth ho of course shift I" tha dlrectlon 
It ~lll be noted that a true on-course signal was not received mth the goniometer set 
at the normal posltlon. Although It 1s not evident on the graph, the course was actu- 
ally slightly south of the on-course receiver and a slight N signal was being received 
under normal condltlons This condition would easily account for the alarm not oper- 
atlng mth a southward course movement of 3O Continuous observations of the cowee 
under normal condltlons lndlcated that course movements of plus or rmnus lo could be 
expected from day to day and from day to night This accounts for the fact that a 



true on-course signal was not present at the start of tests shown in flgxe 27 A 
second recorder was used during almost a;l of :he tests This recorder was placed in 
series mth the zero-center meter cxcLLt lr trme romtor equlpment ano rezordlngs were 
made slnultaneously mth the recordwgs of S-e zural sIgna Fqpre 27C is a record- 
mg of the %~?~a1 (meter clrcult) signal taken slwltaneously mth the aural sl&nal 
records of flzures 27A and 279 A muc? slower chzrt speed vas used for this recording 
Thu record shows the bulla-~~ and decay t;re z:‘ $1~ constant c~-cul', R-50 CZO-C21, 
mth changes in nowse posltlon 

F~:,re 22 s'ows -e~ordm:s of i-c a,.-c,- -lr al x,th \ar,o>ls dcgzea cf want- 
mtter yov.er rednczwn, v%lth trana~~Lt?r ;o*er reJuc,d to ze1o (xmm~tter turnec of1 
and on instantaneously), mth parts qf ;tdi~or ;Jen~ti~ca~.lon 7~lbswe ana with +he 
hnk clrcult relaJ hela on one slnc The SFEClilCtLlC" rtqulre‘ that ttP alarms srlund 
vvlLh a 5C percert renxtxn of ii-e radldied :izld The rfauctlon xn radlatec I~eld 
was obtaIned by deer-,'sr,g QP oLtp"t curren; cf the 2rnSrnl' tcr 4 ICI, was o'utalncc 1~" 
redLcln); the laltage to tre 1npL.t of the plxtr rrci1f;er tr,&-forcer whhlc~ suopl1es 
Lath tic cinler and slaeband c~anmels “hi? ‘wis xcompl~s~ ed b) ~nserLn~ a varlar 
1" tie prrer mpuz c,rcLLt F;:1.re 2k3A snom d rword1ng of t, e aural s;pnal riltk 
va-;at,o~u oi r,ornzl carrier cLrrent ;ror 1x ;'?rctn: to '10, GO, 70, $0, 55, 9, 50, 
40, and 3i, i FWCcIlt As Lnt'lcated on -,ie recorclw, :hc ,larm crwrawzd d,sn Sic 
transmtter ouqmi curr?nt was reduced to 52 percent of norma; FTCT il e results of 
he tests shown lr ~~<nre ZEA, a cur'~e has plored ito,;ln,- the YZ~U~~OII in a@LltLue 
of t>e recorded s~rn:l wltr rdriatlo- in czrr=er current ,nd car-her plate wltaye 
Ths znrre ii s ovn I" F-:,u-e 22 

FIgwe 285 1s a recordl,g shomng the operation of the alarm when t*,e range 
transrmtter wis turned off lnstartaneously This ~12s accom@shed elther by clan,:lng 
from the man transnutter to t'le standby or actually alsconnectlng the plate voltage 
suppiy for short perlads T'le alarm operated at the Instant of zero signal xn these 
cases and the clear sIgna was glrren approxlnately 1 minute later in eact case Fur- 
ther tests to deterrrlne the actIan of the alarm mth part of the statlon Identlflca- 
tlon xnsslng and 91th the link cxcult relay held Open on one side are shown in fIgwe 
2ec Wen t'le link clrcult relay was held open on one side, the alarrr sounded Instan- 
taneously, xxth tile clear sIgna appearing approxlrrately one minute after the relay 
was allowed to operate normally The alarm soundea wher more than one-half of the 
statlan Identlflcatlon was m=sslng or mTth an absence of signal for approximately three 
seconds dui-lng the statlon lcentlficatlon period 

Figures 31 and 32 a-18 recordings of tests slmllar to those shorm =n figure 27 
except that course shifts of 4@, 7@, and IO0 were made li- both dIrectIons and the chart 
speed was xxreased to 12 Inches per minute In this and ail subsequent recordlnes the 
XXX warnmg sIgna yias m operation wi-en t-e faults exIsted F1gure.5 311: 313 31" 
ana 32E we simultaneous recorom@ of the received aural signal and the vxual s~flnal 

> > , 

appeaxng at the zero-center mstrument The chart speed in figures 31 and 32 1s suf- 
flclentljr fast so that tx predaranatlng course agnal and tb-e statlon xient1ilcat;on 
signal 1s clearly Indicated The recording of tte zero-center lnstrllment currzqt alto 
clearly lndlcates the build-up and uecay t1ve of the time constant circuit as well as 
the txe that this cxcult LS open for station Identlflcatlon TSC, xxx aarn1rlg signal 
1s shown on the recordings of the aural slgnal as tte sIgna anlc'- 1s superlnposed on 
the range signal on the last three interlocks before statIon Identlflcatlon In this 
case as well as in flgure 27, the course aId not pass directly over the on-course 
receiver under normal cond1tlons and there 1s a rorrespondlng difference =n amplitude 
oetween IdentIce course devlatlons on elther side cf the course 

Tne XXX wzrnmg supal shorn m figures 31 and 32 1s very erratic in composl- 
tlon of the characters due to a low frequency beat condltlon between the 1020-cycle 
keyed X-signal an* the 1020~cycle sldeoand range signal A beat note of approxxnately 
10 cycles per second was obtalned ThlsScondltlon was later corrected by lowrlng the 
frequency of the oscillator for the Xxx signal aown to 960 cycles which cllm]nated the 
0bJectlonable oeat note Figure 30 shows recordings of the aural signal before and 
after the low frequency beat condltlon was corrected 



A second test was vade to observe the effec' Y of lowwlng the carr1a1‘ channel 
current to 45 percent of normal for a s-,ort perzod The alarm operated one minute 
after the prswer was reduce" The clear signal came on one rmnute after normal co&- 
tions rere resumed. The results of this test are show" 1" figures 33A and 33B The 
XXX aarnlng signal naz u,operatlre during thx test since the transrutter used was not 
equpped mth warnrng equpment The method used for reducing the carrier current was 
ldentlcal to that previously described Figure 33C lndlcates the operation of the 
alarm cxcut mth a" msxu'taneaus changeover of transmitters Figures %A, 34B, and 
34C lndlcate the operation of the equlpment mth condlLlo"s of improper link cucult 
relay kemng, u,proper statlo" Identlfxatlon, and a locked link crsult relay, 
respectively As Indicated on the recordmgs, the alarm oporatlon irab practxally 
Instantaneous for the first test condition For other condltlons the alarm operated 
I" a nery fen seconds While figure 3/C maxatzs that the alai-m operated after lock- 
mg the lx,k clrcut relay on one side for about 2 seeonas, the average txne I" other 
su~lai- tests was approximately 7 seconds 

In most of the figures where the XXX warmng signal 1s present, It ml1 be 
noted that the fust series of X slgna!s after the alarm has sou"ded contan a varled 
number of X charactars This effect 1s due to tre fact that zt takes one co&&e A-N 
cycle to synchronzs the keying equpment for the XXX war"="g signals so that only 
three are transrmtted If the alarm oc~ui-s mrmedlately after a statlo" ldent;fxatlon, 
the next A-N cycle ml1 have the X signal superirrpased on sha range slgnal for the full 
cycle Subsequert A-N cycles pvlll co"taL" only three X slgnnals superunposed on the 
last three lnteriocks When the fault clears the X slg"ai,- ceiw immediately C""3G 
quently, there may not be three X signals on the last A-N cycle before normal operatlo" 
1s resumed 

IWx"g the tests It was dsclded that a recorder chart of 12 inches per how 
-would be stiflelent to show the Op"rat10" of the range under most condltlons. Under 
ti-ese concnt~ons It would be necessary tc change paper I" the recorder every 4 days 
since each roll contaus 100 feet of recorder Lhart This 1s the slowest speed at 
w1Ich the recorder can be operateo and still have suffxxr,t spacing between statlo" 
ldentlflcatlo" perrads The recorder furnuned mt'l the equipment had two speeds 
available and of was possible to change from 12 Inches per how to 12 Inches per rmn- 
ute merely by shlftlng a lever on the recorder. At a chart speed of 12 ~"cbes per 
rmnute the signal 1s so spread out on the graph that the slightest unperfectlon 1" 
ke>mng may be noted Therefore, the operating or maintenance pers?n"el may sillft to 
the fast speed at least once a day for a short perlad to closely exu~l"e tile content 
of the range s1gnS.1 If only one speed 1s to be used the chart time callbratla" ltseif 
ml1 be sufflclently accurate for all practxal purposes Ihever, where it 1s Intend- 
ed that the speed be changed each d=y, It becomes necessary to provide marklng at the 
edges of the record to accurately record tams. This was done by provldlng tmo chrono- 
graph pens at the marg~" of the chart, one to mark mu,utes and the other to mark hours 
Thus the chart speed map be changed at ml1 but the time record 1s accurately ma="- 
taned by Lhronograph pens These pens were operated by a 6-volt direct-current CIT- 
cult througm contacts of a spr1"g-drlve" ClOCL Thus tuoe markIng was accurately 
mantaned eve" tnowh the chart speed was changed by the operating personnel Plgum 
%5 shows recordings made mth both 12 inches per hour and 12 Inches per rmnute chart 
speed mth the XXX warning signal present. Figure 36 1s sun~lar to figure 35 except 
that the XXX warnmg sl~al 1s not present mndloatlng that the range was operating 
normally In both of these figures the hour and rmnute chronograph pen lndlcatlons 
can be clearly see" on each margIn of the chart 

Fqre 37A 1s a recordIn= of the XXX sam="g slgnnal superimposed on the range 
sqnal %xth the carrl~~r modulatlo" set at K percent and 6C percent 

Eu-lng all of the tests It was noted thdt the broadcast war"lng sIgna always 
caused the alarm system to operate This broadcast wa.r"lng sIgna consists of very 
fast dots of 1020-cycle modulation heyed through the carrxr channel mth the sideband 
channel de-ererglzed The signal IS used to warn pilots that an important voice trans- 
nlsblo" 13 about to be made and that they should transfer to the voice output of theu 
flltpr system If they are not already I" thu posltlon The spaces between these dots 
appear a~ intervals of zero signal or uaproper link cucult relay keyxng to the monlto; 



system and the alarm circuit is energued At fust It aas consldered satisfactory to 
key this broadcast warmng signal with the slaeband channel energvxd and merely super- 
mpose the signal on the range as III the case of the XXX signal This arrangement nas 
trxd but It -as found that the ~arnmg was not nearly as prormnent zs when the side- 
bands were removed Figure 37B shows the tests made with vai-lous combinations of warn- 
Ing condltlons A declslon was rw.de, therefore, to refrax, from any changes XI the 
method of keying tne broadcast warrang signal and devise some other method for prevent- 
mg the alarm from operatlng when this signal was transmItted The most satisfactory 
method appeared to be one whxh actually disabled the alarm system whenever operating 
personnel were dlallng on the automatic telephone system. Thhls co,,ld be accompl&xd 
by the use of two extra contacts on the dial key at the Ccnrmumcatlons Station Tbi5 
modlfxatlon was not made at Indw-apolu since the equqment wa8 not u,stalled at the 
Commun~catlons StatIon and tires did not exist between the Cormnunlcatlons StatIon and 
the Experimental StatIon to conduct tests mth this cucult However, lt 1s apparent 
that thu c&-cult would prevent the alarm from operating dui-lng transnutter changeover 
mtervals as well as during the broadcast warning dots 

Figure 38 shows the aural signal recorded during two occa~lons of severe statx 
condltlons. Durmg these periods It was noted that although the alarm did not sound 
from fallwe of the monitor equqment during static, the zero-center instrument mhxh 
normally was 10 the center posItIon ma8 actually lndlcatlng a course shift of almosI. 
30 This condltlon was found to be caused by static which ulterrupted the proper opera- 
tlon of the off-course keyer receiver and the electromc keyer rather than an actual 
course shift In figure 38B there was a power failure at the on-course receiver site 
for about SIX Mnutes The high amplitude static level recorded during thu period m- 
dlcates that most of the static 1s pxked up on the telephone line from the site to the 
Experx,,ental StatIon rather than bang picked up by the recelver The recording m 
figure 3BB was taken dwlng a tornado at Indlanapolu occurrIng in the evening of June 
19, 1942 

The recordr,gs indicate the follomng InformatIon relative to the elapsed tu,e 
after a fault occurs ant11 the alarm sounds and the elapsed time after the fault has 
cleared before the clear signal IS given 

Average 
Alarm Tme 

1 Course Shift 18 MMute.5 (3") 
1 55 v (9) 

2 Lx,k Cx-cut Relay Locked on One Side 

3 LOSS of power 

4. Improper Link &i-cult Relay Keyng 

5 Xlssmg StatIon IndentUlcatlon 

1 After Course Shift 

2 After Lu,k Cu-cult Relay Locked on One 
Side for 7 Seconds 

3 After Restoration of Normal Power 

4 After RestoratIon of Normal Keying 

7 Seconds 

Instantaneous 

Instantaneous 

3 Seconds 

Average 
Clearance Tme 

2 Minutes 

1 2 Minutes 

1 2 Mulutes 

5 After Restoration of Normal 
Station Identlflcatlon 12 Minutes 



)aODIFICATION OF EQUIPmT FOR SALT LAKE CITY 

During the sei-~lce operation of the monitor equipment at IndIanapolls, it was 
found that the movement of the approach course of the Indlanapolx range wag relatively 
small and It was concluded that the monitor could be used to better edvantage at some 
statlon where a greater course movement could be expected It was deaded, therefore, 
that the equlment should be moved to Salt Lake City, Utah, for further ser~lce testing 
at that point Several addltlons and modlfxatlons were made which were testea and 
found to be satisfactory before the Indlanapolls installation was dlscontlnued 

The orl&nal equipment obtalned from the contractor transrmtted the Xxx Prarnlng 
to the pllots on one set of transrmttwg equipment only Before the equlpment could be 
Installed and oper,ted under actual ser'~xe condltlons, It was necessary to add suffl- 
clent equipment at the range statIon so that the XXX wariung signal would be transrmtted 
over ather of the t%o sets of transrmttlng equlpment that are pronded at all radio 
range stations. 

Some dlffxulty was encountered at Indxnapolls mth relays RLlO, F&11, RLl2, 
and F&13 whxh control the operation of the dlalmg circuit This diffxulty was 
corrected mthout the addltlon of any new parts by revising the contact sequence of 
these relays Dlffxulty was also encountered in the orlglnal installation mth Inter- 
ference to nearby recelvlng equipment caused by the keying of relays RL2 and F&3 during 
station xdentlflcation This was corrected by xolating this part of the 115-volt, 
60-cycle, &-cult and feedlng this circuit through a voltage regulator made avaIlable 
by the deletion of other equipment 1x1 the monitor. Two relays were also added to the 
equipment to be Installed at the Salt Lake City Cormnunicatlons StatIon to disable the 
alarm cwcults dwlng the dialing periods on the automatx telephone cli-cult Tins was 
done to prevent the alarm from being actuated during the transrmssion of the broadcast 
warning dots and during perxods of transmitter changeover The relays added were made 
avaIlable by the deletion of the auxl1xa-y relay equipment at the IndIanapolls Commons- 
catlons St&lo* Smce the Salt Lake City lnstallatlcn was made m the Communxations 
StatIon, these relays -were not needed for the same purpose as et Indlanapolls 

The most important modlficatlon in the momtor system was brought about by the 
deletion of the off-coarse receiver and the vacuum tube keying circuit contamng tubes 
V3, V4, V5, ~6, V7 and VE together mth the components associated nth these tubes 

The off-course recel~er wae re&%ced by a 6X5 diode rectlfxr connected to the 
"Nl' gonmmeter primary at the range statlop as shown m figure 40 The rectified "N" 
impulses were then transmitted by underground cable to the Cowmunlcatlons Statlon to 
key a relay at that point This method of obtaining keying impulses which were syr- 
cht-onleed mth the range station link circuit relay was chosen for Salt Lake City m 
flew of the fact that a government-owned cable mth extra conductors already exlsted 
for transrmttlng the impulses to the ax-port. It wes felt that the use of toe off- 
course receiver III this case would not offer any advantages and ao>Jld add to the tele- 
phone line problem ante the Communxat1ons Station at Salt Lake City was not located 
suffxlently off-course to allu~ the receiver to be mounted mth the momtor equipment 
It ma.?, therefore, consIdered much simpler and moi-e econo~cal to use the rectifier at 
the range statIon and transrmt the rectified impulses back to the aIrport on exlstlng 
cable conductors 

The vacuum-tube keyer czcu1t used in the Indxnapolls Installation contdined 
ax vacuum tubes and a consIderable quantity of component parts It was felt that a 
circuit containing this number of tubes would eventually cause trouble III continuous 
ee-ce operation espec~lly If the tubes were not checked perlodxally In the modi- 
fled eqnlpment the six tubes were replaced by one tube and one relay The tube V3 was 
used to compensate for the gain formerly obtaIned m tubes V7 and VE A schematx 
dlagrain of the modlfled monitor equipment 1s shown m figure 39 

The choice of a relay to replace the tube keyer was very carefully made It 
was eventually deolded that a Western Electrx type 21jFA or 215FB would be very suit- 
able for this purpose This relay 1s of the type commonly used m high-speed telegraph 
or teletype circuits where precision equlpment IS necessary Either type of relay 1s 



capable of operatlo" at 60 or more words per minute in telatyppe errcults and should 
perform for long periods of time 'RLthout adjustwnt mth the slow A-N kepng enccun- 
tered I" the monltcr clrcnit The two relays are rated to ave satlsfactcry high 
speed performance at ccl1 currents of 0 5 and 0 S mlllxmperes respectively The type 
215FA was finally used although there was little choxe between the two units Actu- 
ally a coil current of 4.5 milliamperes wzs used 1" the clrcult to allow vader spacing 
of the contacts and to prcvlde posltlve kepng of the relay for almost a" lndefxnte 
period mthout aaJustment The manufactwer of the relay was consulted and It was 
found that ccl1 currents m excess of 5 mxllx.mperes could be used safely I" contlnu- 
0"s operation 

In operation of the 215FA relay obtains a pcsltlve voltage to ground from the 
300-volt high-voltage supply through sarles resistor RlOl Appro*unately 9 volts are 
applied to the relay The rectified xr,pulses obtar,ed from the range statlo" had con- 
ad&-able background current during spaces due to the gcnlcmeter bang set at tic 
The signal actually obtained at the Salt Lake City AIrport was approxunately 24 volts 
of "N" signal and 12 volts of background or "A" smal This voltage was decreased 
through variable reslstor R-100 to an "N" sIgna of 12 volts and an "A" signal of 6 
volts These voltages, whxh acre "egatlve to ground, were also applxd to the 215FA 
relay and opposed the posltlve Internally applxd voltage The result WdS a pcsltlve 
3 volts of "A" sIgna and a "egatlve 3 volts of "h" signal thereby provldlng pcsltlve 
action of the relay I" bath dlrectlcns. The resulting relay current was apprcxlmately 
plus and rmnus 4 5 rmlllamperes 

Balancing "T" pads R-102 and R-103 were placed 1" the separated "A" and "N" 
cx-cults to balance cut any "on-wnforrmty I" the clrcu1ts and to ccmpensate for any 
small devlatlon 1" the location of the on-course receiver PhoneJack J4 was provided 
as a" easy means of setting up the proper relay current by adJustment of R-100 

The equipment 1s operated 1" much the same manner as before relay RL~ 1s 
blocked I" the acm-posItIon during adjustments to prevent operatlan of the alarm 
A few rranutes are required after turnx,g on the monitor to allow relays RLS and RL9 to 
become synchrcnlzed The bridge balance using R55 1s Identical to that described for 
the wrmodlfled equipment Gal" control RI 1s advanced until the recorded signal 1s at 
about rmd-scale Gal" control R2 1s advanced until 70 volts of audio sIgna appear at 
52 and J3 This voltage should be carefully measured mth a vacuum-tube voltmeter 
since It 1s the value of thla voltage that deterrmnes the correct callbratlon of 3O on 
the ccurse lndxator, Ml The relay curi-e-t and clrcult balance 1s adJusted as prw- 
ously described Upon completlcn of adJustme"ts, relay RL~ should be unblocked 

I" the modlfxd equipent, relays RL15 and RL17 are prcvlded to prevent cpera- 
tic" of the alarm clrcnlts during transrmtter changeover ci- transrmsslon of broadcast 
warn~ng dots from the i-an@ statlo" Before an alarm can sound from any cause except 
a ccur6e shift or a locked lmk c1rcult relay, relay RL3 must become energized In 
order to prevent the sounding of an alarm due to the dialing of a transrmtter change- 
ever or emergency broadcast, the ccl1 crcult for relay RL3 was placed 1" series zath 
a pax of open-when-dialing contacts on the operator's dial key Thus, whenever the 
operator dialed any function, that part of the alarm cxcult through RL3 was made m- 
cperatlve but only during the dlallng r,terval It was also necessary to prevent alarm 
cp;ratlc" due to dlallng of these functions at the range statlo" by maintenance person- 
nel Tbx was acccmplxhed by placing sens1tlve relay, RL15, across the call bell CLT- 
cult in the Ccmmunlcat~ons Statlo" Strcwger eq"1prent Ihen RL15 operates, tame delay 
relay RL17 1s also energized The sei-lez cxcult from the co11 cxcult of relay P,L3 
1s also carried through open-tie"-energleed contacts on RL17 Thus, vhen It 1s desired 
to dv.1 a transrmtter changeover or broadcast warmng at the range StatIon, the dial 
key 1s first operated upward for a very short perlcd This prcvldes a very short rmg- 
l"ng pulse c" the call bell at the Communlcat~cns Statlon. Since RLl5 1.5 1" parallel 
nth the bell, the relay operates dui-lng the pulse which 1" turn operates relay ~~17 
Relay lU17 remains locked I" the enerDzed posltio" for a predetemned tame and then 
de-energlees Itself. timg the pa-lad that RL17 is energleed, the alai-m c=rcUt 
through RL3 IS lncperatlve and suffxlent time for dla1w.g and performance of the 
dlaled functvs" 1s cbtalned At Salt Lake City relay RLl7 was set for 15 seconds 



The cperatlcn of relays RLlO, RLll, RLl2 and F&l3 was changed to pro-de more 
pcsltlve cperatlcn The sodlfled clrcult for RLlO and RLl2 operates I" the fcllcmng 
manner. Whenever an alarm clrcult to VlS 1s made, relay R16 opens and operates the 
s=ren and red light In addltlcn 115 volts, 60 cycles, 1s placed on the lccklng ccl1 
of relay RLlO through the armature and upper contact of relay RL12 This closes and 
locks RLlO -Ahwh ln turn ener~zes the cm1 of relay RL12 This opens the cxcult to 
EL10 so that the dlalwg functlcn in11 not repeat Itself x-,deflnltely When RLlO locks, 
voltage 1s applied to the dlalmg motor and the alarm number 22 1s dlaled on zhe 
Strcwger line energlzlng the XXX xn-nlng signal equlpment at the range statlcn After 
the number 22 has been dlaled a cvcult 1s made due to the cam actlcn on the contacts 
of the control cam to the release ccl1 of RLlO This de-energvzes the dxllng rotor 
and the system 1s set up to dial 23 for the clearance slgr,al Relay P&l0 ~lll not 
operate agam durmg a given alarm perxd since the lcckxg toll clrcult 1s open at 
relay RL12 Relays RLll and RLlj operate 1" a slmllar manner 

Relay RLl4 was made a double-pole double-threw relay Instead of double-pole 
smgle-throw m order to slmpllfy the mstallatvon at Salt Lake City from that at 
Indlanapolls. RLL4 now performs the same funct1cns as RL14 and RL16 ccmblned m the 
Indianapolls xxtallatlcn 

A schematx dlagi-am of the range warning equulpment at Salt Lake City 1s shcwn 
1" fi@xe 41 'There 1s very little dlffei-ence between the Salt Lake City and Indlanapc- 
11s equipment I" thx respect except that dual warning cams and contacts are prcvlded 
mth a sultable changeover relay All of this equipment with the exceptvz" of the change- 
over relay 1s mounted on one side D panel I" the Strowger relay rack The changeover 
relay 1s mounted I" the ccuplrig unit -edlately behlnd the mid-pclnt between the two 
Bcehme keyers 

TESTS AT SALT MKE CITY 

The mcnltcr system was installea at Salt lake City during the first pa-t of 
July, 1943 Flgwe ,!+2 shows the lccatlon of the range statlcn and mcnltcr ,ath respect 
to the arport Figure 43 shows on-course receiver mstallatlcn while figure 44 shows 
the monltcr Installatic" at the Ccmmunxat~cns StatIon Remote Indicator-alarm units 
mere installed m the cffxes of Unlted Ax Lines and Western Ali" Lines The equipment 
xas adJusted and tested ourlng the period of July 12 to July 24, 1943 Further adJust- 
mats v&-e made from August 1 to August 3, 1943 The cperatlcn of the equipment was 
substantially tdentxal to that obtained at Indlanapclls Ccples of the reccrdlngs 
made during the tests at Salt Lake City are shown m flgure 45 The recorder cnart 
speed was increased from 12 Inches per hour to three-quarters of an Inch pel minute at 
the request of maintenance personnel Later the chart speed was agal" changed to a 
rate of 12 Inches per hour m order to awad frequent mndmg of the recorder spring 
mechanxm and excessive use of the recorder chart 

The recordr,gs shown in fIgwe 45 lndxate the fclloalng lnfcrmatlcn relative 
to the elapsed tme after a fault occurs until tba alarm sounds and the elapsed time 
after the fault has cleared before the clear slgnal 1s given 

1 CowSE! Shift 

2 Lx& Cxcu1t Belay Locked on tie Side 10 Seconds 

3 Loss of Pcwer Hesultlng 1" Less than 50% 
Garner Current InstantanecE 

4 Iinprcper Luk "u-cult Relay Keying 1*5ta*ta*e0us 

5 h&'smg Station Identlfxatlcn 3 Seconds 



1 After Course Shift 

Average 
Clearance Tune 
2 66 hhlutes (4") 
29 " (7O) 

'*25 " (109 

2 After Iank Cu-cut Relay Locked on One 
Side for 10 Seconds 3.2 Mulutes 

3 After Restoration of Normal Power 3 0 Mulutes 

4 After Restoration of Normal Keylng 2 2 Mulutes 

5 After Restoration of Normal StatIon 
Identlfuzatlon 1 1 Mulutes 

The average alarm tune colncldes very closely mth that observed at Indlanapo- 
1x3 except the 4o powt. The gonlometer mechanxn at Salt Lake had considerable back- 
lash and It was dlffxult to determlne the exact number of degrees tllav the course was 
shlfted The 4O shift noted on the dul of the goniometer could eastly have resulted 
III less than a 4O course shift Since the voltage applied to the diode rectlfxrs ,vas 
the same for both IndIanapolls and Salt Lake City, It 1s reasonable to suppose that 
the 4 5 rmnutes requred for alarm operation on a 4O gonlometer shift was due to less 
than a 4O course shift The values of a1ar.n txnes shown are for ,.nstantareous course 
shifts from normal couree alignment Gradual coui-se shifts which are more commonly 
encountered would cause the alarm to sound much faster For mstance, mth an Instan- 
taneous shift from 3 5O to 5 0' the alarm sounded =n 20 seconds wl~le It takes about 
1 5 rmnutes for the alarm to operate when changxg from normal allwent to a shift of 
5o The average clearance times at Salt Lake City were generally longer than those 
observed at IndIanapolls This was probably due to a change UI values in the tu,e con- 
stant clrcult C30-R62 These values were changed at ~rlous times duru,g the tests and 
modlfxatlons at IndIanapolls It 1s net knavm If the same constants were used at Salt 
Lake City as were present during the flnal tests at IndIanapolls 

Durlng the adJustment and testrng of the equpment at Salt Lake City, It was 
noted that there was a consIderable varlatlon =n the level of the recorded range signal 
from rmd-afternoon when low levels were observed to early morning when high levels were 
encountered Level ratios as high as 1 7/l were observed It was fust thought that 
this varutlon was due to line voltage varutlons Ilowever, on one occasion XI rmd- 
afternoon during a severe thunderstorm accompanxed by a conslderable temperature drop, 
It was noted that the SIgnal rose to approxmately that value previously observed m 
early morning This would lndlcate that the level varlatlon was due to temperature 
rather than line voltage varlatlons 

The effect of the varutlons m range SIgnal level was to cause the zero-center 
course lndlcator to show a course shift of about lo when no course shift actually exist- 
ed This was due to the difference in the Input-output characterlstxs of the type 6R6 
rectlfuzrs V9 and VI0 If the lndxator was baianced to read on-course at a riven level 
and tre level changed appreciably, the output of the two rectlflers would no longer be 
balanced and a course sblft would be Indicated Further work 1s bang conducted to 
correct the cause of the level changes and when thx has been accomplished, normal op- 
eratlon of the monitor course lndxator ml1 have been restored Apprecxble changes 
ln level of range signals were not exountered at Indlanapolx 

On one occasion the operation of the monitor was observed during a ee~ere 
thunderstorm when all other Cormnurxatlons Station receivers wei-e completely Mocked 
by preclpltatlon statx No static was observed on the monitor signal during this 
period The shlelded loop-type antenna, the underground telephone cable and the pro-xx- 
lty of the monitor receiver to t\e range stztlon probably all contributed to this very 
dearable condltlon. 

* 
Not left at loo posltlon long enough for course lndlcator to reach loo deflectIon 



CONCLUSIONS 

It 1s concluded that a satisfactory monltormg system for radla ranges 'las 
resulted from thm development and that all of the follomng orlgmal nme requrements 
stipulated for an approved system have been provided 

(1) The monitor recel~er is located on the fmal approach cowee 

(2) The received aural signals are transmtted to the Comun1catlons 
Statlon and all alrhne offices 

(3) Visual signals lndxztlng course devlatlon are provided at the 
Communxatlons StatIon and all arllne offices 

(4) An alarm system 1s actuated by zne monitor equlpment whlcb auto- 
matlcally operates elrens and red lights at the Communxat~ons 
StatIon and all arlxxe offxes when any of the follonnng redlo 
rarge faults occur 

(a) Wenever the range course mo~ee more than plus or mums 
30 

(b) Rbhenever the link cucult relay becomes locked on one 
side 

(c) PPnenever the lx& cwcu1t relay falls to produce 
Interlocked A'S and N's 

(d) Wenever the raduted fxld drops below fifty percent 

(e) Whenever more than one-half of the statlon Iden- 
t1f1catLon 1s rmsslng 

(5) The characterxtx warning letters Xxx are superunposed upon the 
range signal once every A-N cycle whenever any of the above faults 
occw . 

(6) It 1s possible to silence each sxen manually but the red light 
remans llghted until the fault is cleared at the range statlon 
A whhrte light lndlcates normal operatlan of the range 

(7) A shIelded loop-type antenna 1s used at the monitor receiver to 
assist m the ellnnnatlon of preclpltatlon static 

(8) A contamous recording 1s made of the aural SQ?FJ mth tine indl- 
cations so that the recorder chart can be easily Interpreted at 
any tune 
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Figure 3. Portable Field Detector. 

Figure 4. Power and Telephone Lines on the Cartersburg-Danville 
Highway as Viewed from the On-Course Receiver Site. 
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Figure 6. On-Course Receiving Equipment Installed at Site. 
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Figure 13. Front View of Assembled Airport 
Monitor Equipment. 

Figure 14. Rear View of Assembled Airport 

Monitor Equipment. 
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F,gure 16 Squelch Control Actron Promded by the Off-Course Reeewer 
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hgure 17 Automat,e Volume Control Charactenstm of the Off-Course Recewer 
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Ftgure 23 Schemanc Dmgrem of Remote Indicator Alarm Umt 



Figure 24. View of Entire Airport Monitor Equipment Including Remote 

Indicator - Alarm Units as Installed for Test at Indianapolis. 
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l:igure 29. Remote Indicator - Alarm Lrnit 
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Figure 30. Graphic I&cords Showing the “XXX” Warning Signal with and without 
a Low Frequency Beat Note with the Range Sideband Signal. 
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F,gure 36 Clraphlc Records of a Norm.4 Range S,gnal wrth Chart Speeds 

of 12 Inches Per Hour and 12 Inches Psr Mmute 
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F,gure Ji Gra,,h,c Recordc Showng the Effect of Vaqmg the Mod&m,, of the Garner bv the 

“XXX ’ Warrung Stgnal, and Showmg the Effect of Varmus Arrangements for Ke,mg 
the “XXX” Warnmg Signal and the Broadcast Warnmg Data n,th and mrhout the 
Presence of the Range S,debands 
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F,gure 38 Graph,c Records of the Range SpaI Dunng Permdq of Severe Static 
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Figure 43. On-Course Receiver Installation at Salt Lake City 



Figure 44. Communications Station Installation at Salt Lake City. 




