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AN AUTOMATIC MONITCR SYSTEM FOR RADIO RANGES

SUMMARY !

Radio range systems are the prime navigatiomal aid to fly.ng in the United
States and the need for a monitoring system for the courses produced by these ranges
has been evident for some time The various monitoring methods employed up te the
time of this report are reviewed and the details of a new completely automatic moni-
toring system are described Tris moniter eguipment was installed to monitor both
the Indianapelis and Salt Lake City radic ranges and extensive tests wers made to
aetermine the operating characteristics of the eguipment at each location It is
concluded that a satisfactory automatic momiter system has resulted from this
development and that future monitor equipment should contain most of the automatac
features provided in this equipment

INTRODUCTTON

The necessity for the provisicn of menmitor equipment for radio rangesl has
been realized for several years. Various meonitoring methods have been investigated
in an effort to determine what features should be adopted for the ultimate monitor
system The most common method and the only one that has been adeopted throughout the
country consists of twe gemeral types of monmitor statlons. One 1s called the distant
radio range momitoraing station and the second 15 designated as the local radio range
momitor All radio range stations are assigned one or more monitors locafed at distant
foff-courss" and Yon-coursed locations Course shifts and timbre changes are more
easily detected by "on-course” monitors while link circuit relay and keying irregulara-
tles are recognized more reaaily at 'off-course" monitors On~course momiters may be
located either exactly on the ccurse or 1n the twilight area while Yoff-course™ moni-—
tors are located where a predominant "A" or "N" 1s present Each distant monitor sta-
tion 1s required to check the operation of the range at least once each hour and con-
tinuous menitoring may be accomplisned when any unusual conditions exist  Distant
monitor stations are usually located at adjacent radioc range stations, marker stations,
or weather reporting stations At Salt Lake City, for instance, momtoring of the
south, west, and north legs of the Salt Lake range 15 provided by the Taintic, Wendover
and Plymouth, Utan, range stations The Albany, New York, range 1s momtored by the
Glens Falls weather reporting statieon on the north course and the Utica radioc range
station on the west course

Contimuous local monitoring of all radic range stations 15 provided by a
receiver lecated in the Communications Station assccilated with the local range Com-
munications Statiens are ordinarily located at airports which may be 2 te 10 miles from
the range stations In this type of monmitoring the range course monitored 1s the one
which passes over or near the airpert

Several auxiliary monitor systems have been installed at a few range stations
throughout the country At Washington, D € , a range course momitor has been installed
consisting of a detector umit located on the range plot and a simplified monitor equip-
ment 1n the range station The detector unmit consists of a vertical antenna and a one-
tube rectifier The detector 1s so located as to receive an on-course signal The
location of the detector, however, 1s not on the true on-course as determined by the
radiation field This displacement 15 due to the proxamity of the detector umit to
tne tower radiators The monitor dees not, Lherefore, indicate the positiom of the

lp y Stuart, "Circuit Design for Low-Frequency Radio Ranges," Technical
Development Report No 23, November, 1939
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trie radiatea course which i1s used by aircrzft in flaght The audio signal provided
by the detector unit 15 iransmitted by cakle tc tre range station ana the momitor
equipmert This egquipment ceonsists princivally of a copper cxide rectifier, a micro-
ammeter ana a phone Jack The audio signal received by the cetector 1s rectifiec and
tre direct—current signal 1s applied to the ricrcammeter for vasual romitoring of the
range sigral The aualo signal 1s also aprliea tc the phone jack for aural momitor-
1ng of tr-e range This aural signal 1s alsc aseful 1n adjusting Lhe link circuat
relay for minimum key clacks No effort is made to transmit the signals to the Com-
nemications Station where the operating personnel are located The equipment 1s
useful, therelfore, only to tre maintenance personnel anc cannot be consiaersca as meet-
1ng all of the essential requirements of a moniter system

At other locztions monitor systems have been used which provide 1ndieator
lights working fror the rectified output of the airport communications staticn renitor
recelver These systems are not positive and only indicate on the course at the airport

With an effective momalor systenm 1t 1s essertial t*ab the operating personnel
be given continuous positive indication of tne conditicn of the final approach course
This 15 the course recaprccal to tle course passing cover or adjacent to the airport
In the usual instrument approach, axreraft proceed alers whatever course they are fol-
lowang to the cone-of-silence marker area  Tre cone-ci-silence marker or Z marker
radiates a narrow vertical tear which, whren received cor voard the aircraft, cperates
a light on the instrument vanel of the airplane This light gives tre pilot positive
incaecation that ve 1s directly over the range station  After passing the cone-of-
silencs area the aircraft oroceeds out, away from the station along the final approach
course  Upon reacring z precetermined point such as a fan marker, tre pilot makes a
180° procedure turn and proceesds toward the station along t'e final approach course
The fan marker radiates a fan-shaped vertical bean which operates a light on tre in-
strument panel cf tre aircraft and provides a cefimite "fix" peoint for the pilot
Unt1l the 180° turn 1s made, the pilot maintains sufficient altitude to clear all
obstacles such as high mountains and towers After tre turn Pas teen made the palcot
begins his let-dewn at a gaven rate aepending on his distance from tne airpert IHe
again passes over the cone-of-silence at a specified altitude ana gets a defimite
position "fix" and proceeds to tre airport for a landing Range staticns are usually
so located that either the range course opposite to the final approach course or the
projection of the finel approach course passes cver the airport  When the course ip
tre direction of the airport passes over the airport, the pilet follows this course
in from tre core-of-silence marker Wher the course does nct pass over the airpert,
the pilot maintains a gyro compass heading which has been esteblished duraing his
descent along the final approach course and proceeds to the zirpert with this heading
In any case, 1t can be seen that 1t 18 more essentaal to monmitor the final approzch
course tran other coursss provided by the range system It 15 absolutely necessary tc
know that the course upon which the let-down 1s made 1s correctly aligned and that the
range 1s functioming vroperly in thas area  This 1s particularly true where there are
high mountains or other obstructions on either side of the aporoach course and where
any appreciable deviation of the course toward these cbstructions would prove fatal 1in
an instrument approach

Local monitor receiving equipment at the airport camnot meet these requirements
These monitors can only incicate trat tle range i1s operating and that the alignment of
the airport course 1s approxamately correct

Distant momitor stations provade an accurate indication of the alignment of
the course and the general operation of the range under static-free conditions, when a
cortinuous watch 15 maintained at the mcnitor receiver  TWhen even moderate static con-
ditions prevail, however, 1t beccomes difficult to interpret the received signals and
witn heavy static 1t 15 practically impossible to determine anything about the range
except that 1t 13 operating Because of the low sagnal level at distant momitor sta-
tions the static level ofter exceeds the signal level —The average distance of distant
monitor stations from range stations 1s approximately 70 milss At this distance the
signal intensity from the range nay be as low as 45 microveolts per meter on the high
power 400 watt stations At most distant monitor stations i1t 1s required that the



range be checked only once an hcur and 1t 1s pessible that an operator who wae busy
performing other tasks assigned to him would not notice any devastion of the range
occurring cutside of the required monitor period  All cof the momitors that have been
described provide an aural signal only or, in some cases, a visual signal to be ob-
served on a meter or by indicator lights In the case of the anral signal, 1t is
possible for the operating personnel to become so accustomed to hearing the range
signals that the signals are subconsciously but unintentlonally ignored and any devia-—
tion of the range would not be moticed immediately  The visval sigmals provided by
scme cf the systems are such that a continucus watch would have to bz maintained om
the indicating instrument in order to detect changes in signal cowposition. In most
cases this cannot be accomplished since operating perscnnel have other dutiee fo per-
form and cannct watch the indicating instrument contimmously

The most desirable monmitor system would be one that provides an ummistakable
automatac alarm te ground persomnnel whenever certain fauits occur. It would further
be desirable to warn the pilet automatically by means of ce.tain signals superimposed
on the range signals It was decided, therefore, that the fqllowing services should
be furmished by the future monitor systems

(1) The monitor receiver should be located on the final approach course

(2) The received aural signals should be transmitted to the Communica-
tions Station and all airline offices

(?) Visual signals indicating course deviation should be provided at
the Communications Station and the alrline offices

(4) An alarm system shcould be actuated by the monitor receiver which
would automatically operate sirens and red lights at the
Communications Station and in a3ll the airline offices whenever
the following radic range faults occurred.

{a} Whenever the range course movez more than plus or
minus 3°

b} Whenever the link circuit relay becomes locked on

one side.

Whenever the link caircuit relay fails to produce

interlocked A's and N's

Whenever the radiated field drops below 50 per cent

Whenever more than one-half of ths staticn

identification 1s mlssing.

{5) The characteristic warning letters IXX should be superimposed upon
the range signal once durang each A-N cyele (30 seconds) whenever
any of the above faults occurred

{6} It should be possiole to silence each siren manuwally but the red
light should remain lighted until the fault 15 cleared at the
range station A green light should indicate normal operatzon
of the rangs

(7) A shielded loop-type antenna should be used for the momitor
receiver to assist in the elimination of static

(8) & continucus recording of the aural signal should be made with
time indication so that the recorder chart can easily be inter-
preted at any time.

{9) Voltage regulation should be provided to assure stable operation
of all carcuits.
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Specification CAA—426 dated March 20, 1941, was prepared on the basis of these
requirements. A contract was awarded to Airguide, Ine , Islip, N Y , on June 13, 1941,
for the development of one automatic momiter system  The equipment was delivered and
installed at Indianapolis in June, 1942



INSTALLATION AT INDIANAPOLIS

On—-Course Receiver Site Selection

The monitor equipment was first installed at the Cival Aeronautics Administra-—
tion's Experamental Station at Indianapolas to observe the cperation of the equipment
over an extended periocd The final approach course of the Indianapolis range 15 the
west leg and 1t became necessary, therefore, to select a suitable site on this course
for the monitor receiver The original plan was to locate the monitor receiver not
more than one or two miles from the range statzon  However, at Indianapclis 1t was
1mpossible to obtain a site this close to tne range that was free of interference from
power and telephone lines and yet had power and telephone service sufficiently close
for economical installation As shown in figure 1, Lhe west course extends for quite
some distance along Federal highway 40 where tlere are a considerable number of over-
head power lines and telephons lines  Field measurements made on the ground in thas
area indicated a very erratic course and at no time did the course so observed align
1tself with the true course observed in flight  This effect was due to re-raciation
from the power and telephone lines A suitable site could not be obtained between
the intersection of the course with highway 40 and the range station because of the
inaccessibility of the ground in that area  Iaikewise, 1t was i1mpossible to cbtain a
suitable site in the wicainity of Plainfield due to the building congestion in that
location

The closest suitable site was found on property located on the Cartersburg-
Danville highway approximately one-third cof a mile north of highway 40 ard approxi-
mately 5.7 adrline males from the range station  Telephone lines extended along the
east side of the highway and power lines along the west side of the highway Figure
4 1s a photeograph taken from the on-course receiver site showaing the proximity of
power and telephone lines along the highway, adjacent to the site  Displacement of
the ccourse was gquite evident near these lines but at 200 feet no interference was
noted The receiver site was located 250 feet from the highway and lanes, and at a
distance of 20 feet from a fence three feet high to the south of thke site At no time
was any displacement of the course noted due to re-radiation from the fence The plot
was 25 feet square and was considerea of ample size since there were no obstructions
within 250 feet  TUnderground cables were installed from the highway to the site to
supply power and telephone sarvices.

All ground checks made to locate the site were made using the equipment shown
in figure 3. The equipment consisted of a portable aircraft receiaver operating from
12 volts direct current, two six—volt batteries in series te provide the required 12-
volt power supply, a Weston output meter, a vertical whip-type antenna and a pair of
headphones  The complete assembled equipment was of a convenient size and weight as
to provide an excellent portable faeld detecter Course deviations of approximately
1% could be distinguished by noting differences between A and N voltages on tre output
meter when this amcunt of deviation could not possibly be distinguished by ear with
the headphones  The location of the center of the course was found by determining the
location of the points 5% on elther side of the course, and dividing the distance be-
tween these points by two to obtain the point mid-way between them This method was
more accurate than attempting to locate the actual mid-point with the field detector
sance 5° deviations can be much more easily observed on the output meter than the on-
course point Upon completion of the ground check with the portable detector umit, a
flaght check was made to determine 1f the course as cbserved on the ground was in the
same position as that observed in normal flaght Complete agreement between the ground
chack and the flight check was obtained

The equipment that would normally be installed in the Communications Station
was 1nstalled in the Experamental S5tation at Indianapolis in order that extensive tests
could be carried on without disturbing operataing personnel This installation required
the use of an extra telephone line from the Experimental Station to the Communicaticons
Station that would not be required in a normal installation Figure 2 1s a block dia-
gram showing & normal installation and the 1nstallation at Indianapolis Figure 5 1s
a more complete block diagram of the Indianapolis installation



The remote receiving equipment consists of a receiver, a loop antenna, and a
voltage regulator., Figure £ 15 a photograph of the remote receiving eguipment and
figure 7 15 a schematic diagram of the remote receiver

On—-Course Receiver

The remote receiver 1s a conventional crystal controlled superheterodyne with-
out automatic volume control. The receiver input circuit consists of a balanced
tuned loop comnected to the recexver through a short shielded plug-in cable Cne
radio-frequency amplifier stage 1s provided using a 65K7 tube The image frequency
response 15 90 db below that of the desired frequency response The crystal stage
employs a 6J5 tube and the output of this stage 15 used to feed the suppressor grid
of the first detector which 1s a 6SA7 Suffacient excitation 15 provided so that when
the excitation voltage 15 reduced to 25 per cent of normal there 15 only a change of
1 6 db in the output voltage TFigure 8 shows the excitation characteristic  One
stage of intermediate-freguency amplification at 175 kilocycles 1s provided by one 6K7
tube The degree of selectivity provided by the intermediate-frequency stage 1s such
that the attennation at a point 2 knlocycles off resonance 15 approximately 6 db
This attenuation increases to approximately 60 db at 8 kilocycles off resonance. One
type 65Q7 tube 15 used as a second detector and first audio amplifier The diode
detector section of the tube provades linear detection with modulation percentages
varying from zero to 100 per cent  The detector characteristic i1s shown in figure 9
Peak noise 1s limited to 100 per cent modulaticen by V7, a 6H6 rectifier A 1020-cycle
band-pass filter 1s inserted between the first and second audio amplifier stages, so
that only the 1020-cycle range signals appear at the ountput of the receaver Voice
signals and extraneous noises are greatly attenvated by this filter The final audio
amplifier 15 a 6J5 tube and 1s capable of providing a maximum ocutput of 170 milliwatts
The output circuit 15 designed to feed a 600-ohm ungrounded telephone line In accord-
ance with common telephone practice, the input teo the telephone line 1s maintained at
one milliwatt Figures 10 and 11 show the receiver noise rejection and volume control
range, respectively A voltage regulator 15 provided to further insure receiver out-
put stabilaty  Figure 12 1s a photograph of the top of the chassis of the on-course
remote recelver

General Description of Monitor

As 1ndicated in figures 2 and 5, the output of the remote receiver 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 shown in figure 13 A rear view of the
assembled momrtor equipment 1s shown i1n figure 14

The signal received by the on-course receiver 1a normally a steady tone pro-
duced by an interlocked A and N signal If the course shifts, a difference in signal
strength between the A and N wall appear Ceurse deviation 1s indicated, therefore,
by measuring the dafference in intensity between the two signals To measure and
compare the intensities of the A and N components, the combined signal 1s first ampla-
fied, then separated, and each component 1s fed into two different chamnels There,
each separate signal is rectified and the direct-current cutput of each channel
combined in opposite peolarity to feed a balanced bridge circuit  When the range
course 1s properly aligned, the output of the A channel 1s equal and ocpposite in
polarity to tne output of the N channel and zero voltage appears at the bridge  When
the course shifts, the signal from one channel predominates and the resulting positive
or negative voltage unbalznces the bridge causing a zero-center instrument to indicate
right or left of center depending upon the polarity

An auxiliary off-course keyer receiver is used to separate the on-course sig-
nal into 1ts original A and N compenents  Thas receiver 1s placed in an off-course
position and provides pulses which alternately bias to cut-off the two separate chan-
nels i1n synchronism with the transmitted signal This allows one amplifier to operate
during the A signal and a second amplifier to operate during the N signal



Other discrepancies in the range surh as locked lank circult relay, improper
keying by the link circuit relay, reduction of power, and lack of station 1dentifica-
tion are detected by electronic and mechanical time delay relays

Qff-Course Keyer Receiver

The awalrary off-course keyer receiver 1s substantially the same as the on-
course remote receiver except that an automatic volume control and a squelch control
have been added A schematic diagram is shown in figure 15 This receiver should be
located as far off-course as possible in order to provide a defimite A or N impulse
The ratic &f A to N signal intensities of 2/1 eor better 1s desirable The equipment
13 designed to operate, however, with signal ratios of 1/1 25 by careful adfustment
of the circmits. Signal ratios of this order frequently occur at Communications Sta-
tions and a ratio of 1/1 27 was measured at the Experimental Station This ratio was
measured at the output of the receiver with the automatic velume control im operation
Tithout automatic volume control this ratio became 1/1 32 Since the ratio exceeded
1/1 25 the off-course keyer receiver was located in the same relay rack with the re-
maining mornlter equipment as shown 1n figure 13 The loop antenna for the off-course
receiver 1s mounted on the top of the rack while the receiver 1tself 15 the top unit
mounted in the rack At locations where sulficient ratios of A to N are not available,
the off-course receiver would be located at ancther point and the output fed through a
cable to the monitor equipment It 1s usually possible to find a smitable location
within airport property and where long telephone lines are unnecessary

A sguelch caircuit 15 included in the off_course receiver to eliminate the un-
wanted weaker signal At Indianapolis the N signal was used to operate the electronic
keyer in the monmitor and the squelch control effectively eliminated the unwanted A
signal The sguelch control 18 incorporated in tubes V5, V7, and V9 The second de-
tector, 75 15 a type 6BB tube One diode of the tube 18 used to provide linear detec-
tion similar to that shown 1n figure 9 for the on-course receiver The audio signal
15 passed through a 1020-cycle band-pass filter, simlar to the on-course receiver,
and amplified by V7  Part of the audio output 13 rectified by the second dicde of V5
and the direct-current voltage cbtained i1s used to contrel a direct-current amplifier
provided by the pentode section of V5  Resistor R26 1s common to the plate circuit
of the direct-current amplifier and the grid-cathode circuit of amplifier V9  The
direct-current amplifier, V5, has a sharp cut-off action so that the rectified bias
produced by an audio signal of a certain value from the second detector i1s sufficient
to cut off this tube When no current flows through R26, V9 amplifies in a normal
manner If the modulation drops appreciably, hewever, the bias 15 no longer suffi-
clent and the plate of V5 draws current through R26 The voltage drop across R26
biases V9 to cut-off blocking any audio from being transmitted to the output stage
The receiver at Indianapolis was located approximately 7° from the course in the N
sector with a ratio of A/N of 1/1 27 The direct-current amplifier squelch control
was adjusted so that the N signal just tripped the direct-current amplifier, V9 ampli-
fied normally and the N signal was heard at the output terminals The A si1gnal did
not have sufficient strength to operate V5 thereby cutting off V9. Therefore, with
nearly an on-course signal, only the N signal was heard at the ocutput terminals
Figure 16 shows the operating characteristic of the sguelch clrcuit with various degrees
of control

When the squelch circuwit was properly adjusted, received ratios of A/N signals
of 1 27/1 provided ocutput ratiocs of 5/1 The squslch control should not be advanced
to a polnt where only am "N" signal 15 produced at the recelver output terminals when
the recelver 1s operated wathin 10° of the course If this is done the "edges" of the
N signal pulses become rounded instead of sguare and a time lag 15 introduced which
will prevent sharp keying of the keyer circuits in the momitor A flat automatic
volume control characteristic i1s required in the off-course receiver 4o enable the
squelch circuit to function properly over a wide range of fleld strengths The auto-—
matic volume control characteristic of the receiver is shown in figure 17. Figure 18
is a photograph of the top of the chassis of the off-course receiver



MArport Momitor Equipment

Figure 19 15 a schematic diagram of the airport meniter equipment The signal
transmitted to the airport from the on-course receiver 1s comnected to the terminals
marked INPUT The off-course recelver output i1s connected to the terminals marked
KEYER The on—course signal 1s amplified by V1, and introduced through an attenuator
network to the grids of V7 and V& At Indianapolis the off-course receiver was located
in the N guadrant Under this condition V8 and V9 comprise the channel whach wall
amplify and rectify the N signals only, and V7 and V10 comprise the chanmel which will
amplify and rectify the &4 signal

The N signal from the keyer receiver is amplified by V3, and rectified by the
diode section of V4, producirg negative direct-current N pulses which are fed to the
grid of the pentode section of V4 The triede sectionm of V4 is a2 direct—current ampla-
fier With no bias on the grad of V4, the plate draws current through resistor R25
which 1s also common to the grid-cathode circuit of amplifier tube V8. The voltage
drop through R25, caused by no bias on V4, biases V8 to cut—off and prevents the tube
from amplifying During the N signal the grid of V4 13 supplied with negative voltage
from the diode rectifier V4 18 biased to cut-off, the voltage across R25 becomes
zero, and V& functions with normal bias from the cathode resistor R27  Therefore,
during the N impulses V8 amplaifies and allows the N portion of the cn-course signal te
be amplified During the remainder of the cycle VB 1s cut off, effectively blocking
the passage of the A signal The N portion of the received an-course signal 19 thus
arplified 1n V8 and rectified by V9 A direct—current voltage appears across R4S which
15 proporticnal to the intensity of the N signal received at tne on-course receiver

The A channel funetions in a like mamner The N signal from the keyer receiver
18 rectified by V5, into posative direct-current pulses. V6, a direct—current ampli-
fier whose plate circuit resistor R36 1s common to the grid-cathode carcuit of V7, is
normally bilased to cut-off by cathode resistor, veltage divader R34-R35 The positive
pulses from V5 during the ¥ signal cause V6 to draw current through resistor R36  The
voltage drop across R36 therefore biases V7 to cut—off during the N portion of the
cycle, thus blecking passage of the ¥ signal As V6 1s biased to cut-off durirg the
A 1nterval, there 1s no voltage drop across R36

The A& portion of the received on-course signal 1s thus amplified 1n V7 and
rectified by V10 A direct-current voliage appears across R49 which 1s proportiomal
to the intensity of the A signal received at the on-course receiver

Resistors R48 and R49 are comnected in series such that the peolarities of the
voltages acress them oppose each other. The voltages that appear alternately across
each resistor are applied Lo a resistor-capacaity filter R50 and C20-C21 This filter
smooths out the pulses of opposite polarity and a resultant voltage of zero 1s obtained
when the & and N signals are equal If the N is stronger, a resultant positive voltage
with respect to ground appears across C20-C21 equal to the difference between the two
voltages Similarly, when the A 15 greater a resultant negative voltage appears across
Cc20-c21

V11, V12, and V13, are type 6J5 tubes comprising one arm of a bradge The zero-
center indicating instruments are connected in series across the bridge from the tube
plates to the junction of the opposite arms H53 and R54 The grids are connected to
the cutput of the resistance-capacity filter At zero grid voltage the bridge 13 bal-~
anced by R55 and no current flows through the instruments A positive or negative
voltage applied to the grids will unbalance the bridge and cause a current flow which
will actuate the instruments

Sensitive relay RL1 1s comnected in series with the ingstruments When an off-
course deviation of 3° cccurs, 2 milliamperes direct current flows through the meters
and relay RL1 1s set tc close at 2 mailliamperes coi1l current This relay actuates
time delay circuits which then operate the warning system.



The A-N keying cycle is interrupted every 30 seconds to key the station iden-
tification signal. Therefore, means are provided to prevent the indicators from show-
ing an off-course deviation and operating the warning devices during this period Part
of the same circuits which remove the indicating circuit during station idemtifichtion
also monitor the keying, the staticn identification signals and the sigmal strength

The input from the remote receiver 1s fairly constant during an A-N cycle This
signal 18 amplified by V14, and rectified by V15 The rectified current 1s used to
actuate the recorder to provide a record of the received on-course signal The voltage
developed across the rectifier load resistance 1s applied as negative bias to the grid
of the grid-controlled rectifier V16  The bias 1s adjusted so that i1f the receiver out-
put were to drop to one-half normal, V16 will rectify and energize relay RL2 At the
erd of an A-N keying cycle, there 1s a short period of zero output before station aden-
tification keying begins At the instant the cutput drops to zero, RL2 1s energized
by the rectitication of V16 RI2 operates relay RL3?, which is used to provide a slight
time lag  RL3 energizes latching type relay RL4 which closes and locks RL2 and RL3
w11l pulse during identification keying but RL4 will remain latched  RL4 opens the
circult to the meters and relay R1, causing the alarm system to be 1noperative to
course deviations during the staticn i1centicication keying  RL4 also energlzes time
delay relay RL9 which 1s set to clese at the begimning of the next A-N cycle RIQ
closes at the end of the station i1dentification, opens the circuit teo time delay relay
RL2 and releases RL4, placing the incicating system back 1n operation  When RL4 1s
released, time delay relay RL9 1s alsc de-cnergized RI9 then energizes RLE which 1s
set 1or slightly dess than the time for one A-N cycle or approximately 27 seconds If
the signal drops to 50 per cent of 1ts ncrwal intensaty or the keying 15 not inter-
locked during t-e A-Y cvele, RL2 and HL3 will close or pulse with poor interleckings
RL4 will not be erergized and will stay open since tire aelay relay RL8 wall not close
unt1l the end of the A-N cvcle to corplete the ecircuit teo RL4 Waith RL2 and RL3
clesec or pulsing and RL4 open, the circu-t from the gric of V18 through open RL4 and
clesed RL3 to ground will ve completed, ard the alarm system will functaion

V18 1. a grid-contrelled type 2051 rectil.er acting as a hold-over relay oper-
gting the alarms Tre cathode of V18 15 slove ground by plus 43 volts. In normal
cverctio~ tle griu 15 ot cathode pote-tial throush resistor R62 and V18 rectifies
ELé 1s cnergizaed 1md ~olas the alarm syszer on green When the grid is returnad to
groa-d throuckh RL3 and RLY, or oy HLS or RL1, 'le grid becomes negative by 43 wvolts
V18 15 cut oil, Reo opems and the alarms are actuated  C30 1s charged to minus 43
volts when the gria _s srounded  When the rrid of V18 15 reroved from ground conden-—
ser C30 dischare~. t'r-ugn RE2Z  "her tre pote~tial acreoss C30 drops to 2 volts, V18
again rectifies  Kic 13 crergized and tle alarmrs -re made inoperative If R62 has a
resistance of 3 megorms, tre circuit wil_ hold relsy RL6 open for 30 seconas after the
gria circu.t has opensd  Trus, 1f the i1rterlocled keying becomes poor, the momiter
circult will actect 1t as a series of pa_ces of L2 and AL3, a pulse occurring whenever
the 1nterlocking is poor  As Zong as thie pnuloer occur at a speed greater than 1 pulse
in 30 seconds, the grid of V14 mll rcmain more than 2 volts negative and the alarm
will be held on centinuously

V17 1s ancther grid-cortrol_od type 2G51 rectiiier acting as a hola-over relay
“o checs on station 1aentification %es.n~  Lurint A-Y <eying RL3 15 open, the grid of
V17 15 at grouna (-43 volts) potont-al, V17 .. ciit-off ard RL5 13 open  The ecircuit
from ;rouna through RL5 ond RL4 to lhe gria of V1E 1s open At the end of the AN
cycle relay RL3 closes and R4 .5 latched elored  Ccordenser C29 starts to discharge
trrougn Rbl The circuit from grewnd thronss RL5 and RLA to the grid of V1€ 1s broken
by RIS Helay RI3 pulses with 1centificat-on kFeyirg Tre time constant of C29-Rél 1s
set for 2 seconds lag TIf RL3 revains closed for more than 3 seconds due to failure
of station 1dentificatien bering RL5 will close rrourding V18 and starting the alarms
Tre tare corstant of C25-F61 can be decreased 1f desired, to slightly more than the
longest space norrally occurring 11 the lcentification interval  With faulty keying,
this space mll provacly len;then ang energize the alarm system.

Helay L6 centiolec t e alarm cystem Turing normal operation 1t 1s energized
and operates the _reen li.rt Wren a {aalt oceurs, QL6 opens and energizes the sarens
ana red lights Fach silren 15 equipped wath a silencing push button. The push button



energizes and locks latching type relay BL7  This cpens the circuit to the siren
When the fault clears, the release coil 1s energized which resets RL7 and the siren
circuat

¥hen a fault occurs, relay RL6 also energizes relays RL10 and RL12 RL1R 1s &
slow acting relay which allows RL1IO to latch-an and then de-energizes RL1C  RL1O enser-
gizes the dial keyer metor and relay RL14, whict connects the monitor system with the
telephone line to the Communications Station equipment  The dial keyer dials the num-
bers 22 over the line  This number energizes the equipment at the transmitier which
keys a warning signal on the carrier After the number has been transmtted, the motor
stop cam energizes the release coil of RHLIO and resets 1t for the next fault  The
motor will not be immediately re-energized as RL12 1s closed and the caircuit to RL1O
15 broken

When the fault clears, RLO cleoses, lights the green lights ard energizes HL13
and RL11  RL1] energizes the dial keyer for another half revolution, dials the number
23 and shuts off the transmitter warnirg signals

Tube V2 15 used to amplify the received on-course signal sufficiently to be
applied to the phone jack on the momiter and on all airline oflice indicators A
voltage regulator i1s provaded in the 60-cycle power line for all of the elsctronic
c¢ircuits to maintain constant operating conditions

The monmitor equipment i1s actually consftructed using four different classes
exclusive of the off-course receiver chassis  The first chassis contains all of the
preliminary stages of amplification, the electronic keyer, the bridge circuit, and a
panel containing the indicator laghts as well as the 2ero center instrument A photo-
graph of the top of this chassis 15 shown in figure 20 The second chassis which con-
tains the keying relays, the electronmic relays and the siren 1s shown photographically
in figure 21 The third chassis contains the graphic recorder and the chrencgraph pen
time clock The time delay relays, RLE and RL9, and the alarm relays are mounted on
the fourth chassis The dialing motor and voltage regulators are mounted on the {loor
of the relay rack

The recorder provadea with the equipment 1s a stardard Easterline-fingus 0-1
mlliampere graphic instrument, Model AW A spring-driven mechanmism 1s used so that
the recorder will containue to operate during periods of power failure Where a single
chart speed 1s used continuously, accurate timing 1s provided by the chart calibration
If a synchronous type of chart drive was used the recorder would stop durirg power
failure periods and a complete loss of tame record would result

Remote Indicator - Alarm Unats

Figure 29 1s a photograph of one of the remote indicator-alarm units that
would ordinarily be i1nstalled in airline cffices  These units each contain 2 zero-
center course indicating instrument, a red light, a green light, a siren, z prore jJack,
and a silencing button for the siren A six-wire cable i1s required for the inter-
connection of these umits  Operation of these units 1s i1dentical with that of the
indicators on the main momitor wnat A schematic diagram of a remote indicator-alarm
unit 1s shown in fagure 23  Whenever the green light 1s energized on the main monitor
unit relay, RL2 1n the remote unit 1s unenergized Therefore, the green laight, [2 1s
energized on the remote units When the alarm sounds and the red light opsrates in
the main monitor unit this relay is energized and the sairemn, 51, together wath the red
light I1, 1n the remote units operate Cleosing push button, Pl, operates relay RL1
and opens the circuit to the siren  The red light, however, remains laghted until re-
lay BRL2 opens  The meter, M1, 1s connected in series with all the instruments an other
remote units and with the instrument in the main momiter umit  The phone jack, J1, 1s
connectaed 1n parallel with all the other vhone jacks on the remote and main monitor
units

Figure 24 1s a photograph of the equipment as installed in the laboratory of
the Experimental Stataon at Indiamapolas



Communlcations Station Equipment

Because of the fact that the Indianapolis installation was made at the Experi-
mental Station rather than the Commumications Station, 1t was necessary to provide
equipment that would not otherwise be required I% was necessary to lease another
line from the Experimental Station to the Communications Station in order to commect
to the Strowger control line In addition, 1t was necessary to lnstall three relays
at the Communlcations Station in order to maintain proper control of the Strowger con-
trol line If the Experimental Station equipment were placed in parallel with the
Communications Statlon equipment on the contrel line, 1t would be possible to cbtain
a condition of simultanecus dlaling by the twe stations In this case, of course, the
correct nmmber for either station would not be dialed at the transmtting statiom In
case of major course shifts or other faults 1t was believed desirable that the range
warning dial pulses take precedence over whatever dial pulses were being transmitted
by operating personnel In fact, it mlght happen that the range warning pulses would
occur at the same time that Communicaticns Station persommnel were dialing In this
case, 1t would be necessary to return the dial cam at the range staticn to its normal
position before the range warning sigmal could be correctly dialed

Figure 25 15 a schematic diagram of the equipment installed at the Communica-
tions Station  When the dielang cam of the dialing system in the monitor equipment
first starts to turn, a 115-volt, &0-cycle, potential is placed on the line  This
potential operates relay RL15 at the Communications Station which, in turn, energizes
time delay relay RL17. At the instant RL17 15 energized ana 1ts contacts closed, re-
lay RL16 operates and removes the Strowger control line from the Commumications Station
eqnipment and connects 1t to the Experimental Station monitor equipment  Relay RL17
15 a synchronous time delay relay and has auxliliary contacis which apply power to the
relay to keep it operating after the closing pulse by EL1> has been applied Therefore,
RL15 can be opened after RL17 has obtained a short pulse and RL17 will continue to oper-
ate untal the timing mechanism trips. The timng for RL17 was set for 6 seconds, there-
by 1nsuring that the maxamum time that the control line was disconnected from the Com-
munications Station equipment was alsc 6 seconds This was considered more than suffi-
cient time to return the dial cam to normal at the range station, provaded 1t was not
already in that position, and to dial the range warning signal on or off as the case
may be

By imspection of the dial cam shown iIn figure 19 1t w11l be seen that when the
cam operates, the 115-velt, 60-cycle, potential i1s applied only for a short time The
cam 15 thenr cut so that no potential exaists on the line for a brief period This fea-
ture allows the dial cam at the range to return to normal Then the potential 15 again
applied to the line and one of the range warning numbers dialed These operations con-
sume approximately 4 seconds At the end of 6 seconds the time mechanism trips R117
and the control line 1s returned to normal The two second period between the end of
the dialing operatlion and the return of the line allows ample time for the dial cam to
reset for any further dialing by operating perscmnrel

In a normal installation where the monmitor equipment is located in the Communi-
cations Station, the three relays RL15, RL16, and RL17 would be umnecessary It would
only be necessary to make RL1Z 1n the monitor equipment a double-pole double—throw
relay and the same result would be effected

When a range fault cccurs, the number 22 1s dialed on the control line and,
when the fault clears, the mumber 23 1s dialed The relay procedure 1s adentical in
either case

Range Stataon Equipment

Figure 26 shows the circuit arrangement at the range station  The 100C-—cycle
tone from the audic oscillator is connected to the transmitter speech amplifier through
relays RL19, RL2C and the contacts on the X cam. The X cam is mounted on the same
shaft and directly above the interlock cam with the X arranged to key during the same
interval that the dash portion of the N sector 15 transmitted This is dome to prevent
interference with the off-course receiver which uses the N sector slgmal to separate



the AN signal in the memitor If the off-course receiver were placed in the A sector,
the X should be arranged over the dash portion of the A on the interlock cam

When the number 22 1s dialed, the Strowger bank supplies 4B volts direct current
from terminal 22 to relay RL20 which closes and latches

Time delay relay RL19 15 used to allow the X to key three times before sach
ldentifaication interval It is controlled by contacts on the interval cam which close
at the beginnming cf the i1dentification interval TWhen these contactas close they start
the time delay relay which 1s set to run for 26 seconds The contacts of the time delay
relay are sc arranged thal they are closed when lhe relay i1s not energized and open when
the relay 1s cperating

Thus, BL19 1s operating during the 26 seconds and the ¥ keying circult is held
open  When relay RL19 resets, 1t ccmpletes the keyer circuit and the letter X will be
keyed with each revolution of the interlock cam At the begainming of the next 1denti-
fication, relay RL19 15 again energized, and stops the X keying The difference be-
tween the 26-second setting of the time delay relay and tie time of an A-N cycle pro-
vides time for three X's befere the next cycle starts

If four i's are desired, the setting of the time delay relay should be delayed
by the time of one revelution of the interlock cam

If two X's are desired, the setting of the time delay relay should be advanced
by tre time of one revolution of the anterlock cam

Relay RL18 15 also energized when relay RL20 1s latched closed The contacts
of AL18 complete the careurc to the modulator control relay, helding the modulator on
for the X keying.

When the number 23 1s dialed, the release coil of RI20 1s energized which re-
leases the contacts of R120, de-enmergizing RIA8, RL19, and the modulator

TESTS AT INDIANAPOLIS

Upon completion of the Indianapolis installation tests were made to determine
1f all the requirements of specafication CAA-426 were provided in the equipment. The
first tests were made without the "XXX" pilot warning signal operating because an addi-
tional relay was required which had not been delivered  The recorder chart speed on
the first tests was three quarters of an inch per minute The c¢lsar signal frequently
mentioned 1n the text and noted on the records 1s defined as that instant immediately
following the extinguishing of the red light, the energizing of the green light, and
the termination of the XIX warning signal TFlgure 27 indicates that the alarm system
exclusive of the XXX warrning signal was working properly for conditions of course
shift Figure 274 is a recording of the awral signal transmitted to the moniter equip-
ment from the on-course receiver when the course was shifted 1°, 2°, 3%, and 5° by
rotating the gonmicmeter at the range station Course deviations on this part of the
graph were 1n a northerly direction so that the N signal predominated All deviations
were actually degrees change from the normal gomiometer dial setting but these were
considered to be practically identical tc the actual course movement  Gradual changes
as well as sudden changes of the course positicon were made Figure 27B is a similar
recording except that the course movement was toward the south so that the A signal
predomirated It will be noted that the alarm did not sound for 3° of course shift
southward The alarm did sound, however, with 40 of course shift in thas direction
It w11l be noted that a true on-course signal was not received wath the gonlometer set
at the normal position. Although 1t 13 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 conditions This conditlon would easily account for the alarm not oper-
ating with a southward course movement of 3° Continuous observations of the course
under normal conditions indicated that course movements of plus or minus 1° could be
expected from day to day and from day to night This accounts for the fact that a



true on-course signal was nolt present at the start of tests thown 1n figure 27 A
second recorder was used during almeost all of <he tests  This recorder was placed 1n
serzes with the zero-center meter circult 1r tre Tomtor equapment anc recordings were
made simultaneously with the recordirgs of t-e asural signal Figure 27C is a racord-
ing of the s1saal (meter circual) signal taken situltanecusly with the aural signal
records of fipures 274 and 278 A muecn slower chart speed was used for this recording
This record shows the buila-vip and decar tire of tire constant cirecuit R-5C - C20-C21,
with changes 1n course position

Fiaare 23 snows ~ecordings of 1rc alrca. .1e al with various degre

2o cf tranc-
mtter rower reduciicon, aith transmbler porer reduced to zero {(cransmititer turnea of:
and on instantansously;, with parts »f statior iden'ifice.ion missirg anc with the
link circuldv relay hela on one side The specaficaticn requirec that the alarms scund
willi a 530 percert reaucticn of 1re radialed 1121d  The reaquction 1n radiatee [.ield
was cbtained by decrecsing Lre outpub current cof the transmitbor which was obtainea D,
redioing the voltage to tre 1nput of the plate rectifier tran<former whico suoplies
Loth tlc cerrier and siacband cramels “hig wis sccomplisted by lnsert.ng a variar
in tle power input c.rcu.t Tisure 284 snovs a recording of te aural sipnal with
variatior. of rorrz] carrier current Jrom 12C pasecent te 90, 80, 70, §0, 55, 32, 50,
40, and 34 7 percent  As ndicated on tre recorcing, the .larm coerated when tie
transmitter outpul curr=nt was reduced to 52 percent of nermar  Frer tre resuts of
tne tests shown 1r ripwe 288, a curve aas pletted stowaing the verichior 1n amplituoe
of the 1ecorded si.nzl witr veriatiom 1n cerrier current and car-ier plate ro_tase
This curve 1s 3 ONML 1N [ ure 22

Figure 28B 13 a recording showing the operation of the alarm when the range
transmitter was turned off instartaneously  This was accomplished either by clanging
from the main transmitter to the standby or actually aisconnecting the plate voltage
supply for short periods  The alarm operated at the instant of zmero signal in thre:ze
cases and the clear signal was given approxirately 1 minute laler in eack case  TFur-
ther tests to deterrine the action of the alarm with part of the station i1dentifica-
tion missing and with the link carcuit relay held open on one side are shown in figure
28C  Wren the link circult relay was held open cn one side, the alarr sounded 1nstan-
taneously, with the clear signal appearing approximately one minute after the relay
was allowed to operate normally The alarm soundea wher more than one-half cof the
station i1dentification was missing or with an absence of signal for approxamately thres
seconds during the station lcentificatzion period

Figures 31 and 22 are reccrdings of tests similar to those shoan in figure 27
except that course shifts of 4%, 7%, and 10° were made 1r both directicns and the chart
speed was increased to 12 inches per minute In this and all subsequent recordings the
XXX warning signal was 1n operation when tre faults exasted Figures 314, 313, 313,
ana 32E are simultaneous reccraings of the received aural signal and the visual signal
appearing at the zero-center instrument  The chart speed 1n figures 31 and 32 13 suf-
ficiently fast so that tne predominating cocurse signal and tre statzon identification
signal 1s clearly indicated The recording of tre zero-center instrument currznt alse
clearly indacates the build-up and aecay time of the time constant circuit as well as
the tare that this circuit is open for station i1dentification  Twe WYX werning signsl
15 sbown on the recerdings of the aural signal as tre signal wnich 1s superimposed on
the range signal on the last three interlocks before station zdentification In this
case as well as in figure 27, the course aid not pass directly cver the on-course
receiver under normal conditions and there 1s a corresponding difference in amplitude
petween 1dentical course deviations on either side of the course

Tne XXX warning signal shosn 1n figures 31 and 32 1s very erratic in composi-
tion of tre characters due to a low freguency beat condition between the 1020-cycle
Feved X-signal an” the 1020-cycle sidepand range signal A beat note of approxaimately
10 cycles per second was obtained Thls‘condltlon was later corrected by lowering the
frequency of the oscillator for the XXX signal aown to 960 cycles which eliminated the
objectionable peat note  Figure 30 shows recordings of the asural signal before and
after the low frequency beat condition was corrected



A second test was made to observe the effect of lowering the carrier channel
current to 45 percent of normal for a snort pericd  The alarm operated one minute
after the power was reducea The clear signal came on one munute after normal condi-
tions were resumed. The results of this test are shown 1n figures 33A and 33B  The
IXX warning signal was inoperative during this test since the transmitter used was not
equipped with warmaing equipment  The method used for reducing the carrier current was
1dentical to that previously described  Figure 33C indicates the cperaticm of the
alarm circuit wath an instartaneous changesover of transmitters Figures 344, 34B, and
340 indaicate the operation of the equipment with conditvions of improper link circuit
relay keying, improper station identificataion, and a locked link circuit relay,
respectively As indicated on the recordings, the alarm operation was practically
1nstantaneous for the first test condition For other conditions the alarm operated
1n a very few seconds While figure 34C 1ndicates that the alarm operated after lock-
ing the lank circuit relay on one side for about 2 seconas, the average time in other
similar tesls was approximately 7 seconds

In most of the figures where the XXX warming signal 1is present, 1t w1ll be
noted that the first series of X signals after the alarm has scunded centain a varied
number of X characters This effect 1s dune to tre fact that 1t takes one complete A-N
cycle to synchromize tvc keying equipmenrt for the XXX warning sigrnals so that only
three are transmithted If the alarm occurs immediately after a station i1dentification,
the next A-N cycle will *ave the X signal superirpcsed on the range signal for the full
cycle  Subsequert A-N cycles will contain only three X signals superimposed on the
last three interlocks  When the fault clears the X signals cesse lmmediately  Conse-—
quently, there may nct be three X signals on the last A-N cycle before normal operation
15 resumed

During the tests 1t was decided that a recorder chart of 1Z inches per hour
would be sufficient to show the op~ration of the range under most conditions. Under
these conditions 1t would be necessary te change paper 1n the recorder every 4 days
since each roll contains 100 feel of recorder chart  This 1s the slowest speed at
wrich the recorder can be operatea and still have sufficient spacing between station
ldentification perieds  The recorder furnisned wath the equipment had two speeds
available and 1t was possaible to change from 12 1inches per hour to 12 inches per min-
ute merely by shifting a lever on the recorder. At a chart speed of 12 inches per
minute the signal 1s so spread out on the graph that the slightest imperfection in
keying may be noted Therefeore, the operating or maintenance pers-onnel may shift to
the fast speed at least once a day for a short periocd to eclosely examine the content
of the range signal If only one speed 15 to be used the chart time calibration aitselfl
w1ll be sufficiently accurate for all practical purposes  However, where 1t 1s intend-
ed that the speed be changed each day, 1t becomes necessary to provide marking at the
edges of the record to accurately record time. This was done by provading two chrono-
graph pens at the margin of the chart, one to mark minutes and the other 1o mark hours
Thus the chart speed may be changed at will but the time reccrd 1s accurately main-
tained by chronograph pens  These pens were operated by a 6-volt direct-current cir-
cmt througn contacts of a spring-draiven clock  Thus taime marking was accurately
maintained even though the chart speed was changed by the operating personnel  Figure
35 shows recordings made with both 12 inches per hour and 12 ainches per minute chart
speed waith the XXX warning signal present. Figure 36 1s similar to figure 35 except
that the XXX warning signal 1s not present indicating that the range was operating
normally 1In both of these figures the hour and minute chronograph pen indications
can be clearly seen on each margin of the chart

Figure 374 15 a recording of the XXX warning signal superimposed on the range
signal waith the carrier modulation set at 8C percent and &C percent

During all of the tests 1t was noived that the broadecast warning signal always
caused the alsrm system to operate This broadcast warming signal consists of very
fast dots of 1020-cycle modulation heyed through the carrier chamnel with the sideband
channel de-erergized Tha signal 1s used to warn pileots that an important voice trans-
mess10n 19 about to be made and that they should transfer to the voice output of thear
filter system 1f they are not already in this position The spaces between these dots
appear as intervals of zero Signal or improper link circult relay keying to the momitor



system and the alarm circult 13 energized At first 1t was considered satisfactory to
key this breadecast warning signal with the sideband channel energized and merely super-
impose the signal on the range as in the case of the XXX signal This arrangement was
tried but 1t was found that the warnming was not nearly as prominent s when the side-
bands were remcved Figure 37B shows the tests made wlth various combinations of warn-
ing conditions A decision was made, therefore, to refrain from any changes in the
method of keying tne broadcast warning signal and devise some other method for prevent-
ing the alarm from operating when this signal was transmtted  The most satisfactory
method appeared to be one which actually disabled the alarm system whenever operating
personnel were dialing on the automatic telephone system. This could be accomplished
by the use of two extra contacts on the dial key at the Commumications Station  Thais
modification was nct made at Indianapolis since the equipment was not installed at the
Communications Station and wires did not exaist between the Communications Station and
the Experimental Station to conduct tests with this carcuat  However, 1t 1s apparent
that this circuit would prevent the alarm from operating during transmitter changeover
intervals as well as during the broadcast warning dots

Figure 38 shows the aural signal recorded during two occasions of severe static
conditiona. During these periods it was nobed that although the alarm did not sound
from failure of the monitor equipment during static, the zero-center instrument which
normally was 1D the center position was actually indicating a course shift of almost
39  Thas condition was found to be caused by stetic which interrupted the proper opera-
tion of the off-course keyer receiver and the electronic 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 stataic level recorded during this period in-
dicates that most of the static 1s picked up on the telephone line from the site to the
Experimental Station rather than being picked up by the receiver The recording in
figure 38B was taken durang a tornado at Indianapelis cccurring in the evening of June
19, 1942

The recordings indlcate the fcllowing information relative to the elapsed taime
after a fault occurs until the alarm sounds and the elapsed time after the fault has
cleared before the clear signal 1s given

Average
Aarm Tame o
1 Course Shaft 1 B Minutes (30)
155 o (5°)
2 lank Circuit Relay Locked on One 3ide 7 Seconds
3 Loss of Power Instantaneous
4. Improper Link Carcuit Relay Keying Instantaneous
5 Missing Station Indentification 3 Seconds
Average

Clearance Time

1 3% Manutes (3%)
145 » (5°)
255 r  (10°)

1 After Course Shift

2 After Link Circuit Relay Locked on One

Side for 7 Seconds 2 Mimites
3 After Restoration of Wormal Power 1 2 Mirutes
4 After Restoration of Normal Keying 1 2 Minutes
5  After Restoration of Normal

Station Identification 1 2 Minutes



MODIFIGATION OF EQUIFMENT FCR SALT LAKE CITY

During the service operation of the monitor equipment at Indianapolis, 1t was
found that the movement of the approach course of the Indianapolis range was relatively
small and 1t was concluded that the momitor could be used to better edvantage at some
station where a greater course movement could be expected It was decided, therefore,
that the equipment should bte moved to Salt Lake City, Utah, for further service testing
at that point Several additions and modifications were made which were testea and
found to be satisfactory befere the Indianapelis installation was discontinued

The originzl equipment obtained from the contractor transmitted the XXX warning
to the pilots on cne set of transmttirg equipment only  Before the equipment could be
1nstalled and oper<ted under actual service conditions, 1t was necessary to add sufii-
cient equipment at the range station so that the XY warming signal would be transmtted
over either of the two sets of transmitting equipment that are provided at all radio
range stations.

Some difficulty was encountsraed at Indianapolis with relays RL10, RL11, RL12,
and RI13 which contrcl the operation of the dialang circuit  This difficulty was
corrected without the addation of any new parts by revising the contact sequence of
these relays Difficulty was also encountered in the original imstallation with inter-
ference to mearby receiving equipment caused by the keying of relays RL2 and RL3) during
station 1dentification This was corrected by i1solating this part of the 115-volt,
60-cycle, circuit and feeding this circmit through a voltage regulator made available
by the deletion of other equapment in the momiter. Two relays were also added to the
equipment to be installed at the Salt Lake City Communications Station to disable the
alarm circuits during the dialing peraocds on the autcmatic telephone circuit  This was
done to prevent the alarm from being actuated during the transmission of the hroadeast
warming dots and during periods of transmitter changeover The relays added were made
available by the deleticmn of the auxaliary relay equlpment at the Indianapolis Communi-
cations Station  Since the Salt Lake City installation was made 1n the Communications
Station, these relays were not needed for the same purpose as at Indianapolis

The most important modification in the momitor system was brought about by the
deletion of the off-course receiver and the vacuum tube keying eircult containming tubes
V3, Vi, V5, V6, V7 and V8 together wath the components associated with these tubes

The off-course receiver was replaced by a 6X5 diode rectifier comnected to the
" gonicmeter primary at the range statior as shown 1n figure 40  The rectafied "HN
impulses were then transmitted by underground cable to the Communications Station to
key a relay at that point This method of obtalning keying impulses which were syn-
chronized with the range station 1ink circuit relay was chosen for Salt Lake City in
view of the fact that a govermment-cwned cable with extra conductors already existed
for transmitting the impulses to the airport. It was felt that the use of tne off-
course receiver 1n this case would not coffer any advantages and would add to the tele-—
phene line problem since the Communications Station at Salt Lake City was not located
sufficiently off-course to allow the receiver to be mounted with the monitor equipment
It was, therefore, considered much simpler and more eccnomical to use the rectifier at
the range station and transmit the rectified impulses back to the airport on existing
cable conductors

The vacuum-tube keyer circuilt ussd in the Indianapolis installation contained
six vacuum tubes and a considerable quantity of component parts It was felt that a
circuit contaiping thia mumber of tubes would eventually cause trouble 1n continucus
gservice operation espscially 1f the tubes were not checked periodically In the modi-
fied equapment the slx tubes were replaced by one tube and one relay The tube V3 was
used to compensate for the gain formerly obtained in tubes V7 and VB A schematic
diagram of the modified momitor equapment 1s shown in figure 39

The choice of a relay to replace the tube keyer was very carefully made It
was eventually decided that a Western Electric type 215FA or 215FB would be very suit-
able for this purpese This relay i1s of the type commonly used in high-speed telegraph
cr teletype clrcuits where precisicn equipment 1s necessary  Either type of relay is



capable of operation at £0 or more words per minute in teletype circuits and should
perform for long periods of time without adjustrent with the slow A-N keying encoun-
Lered in the momitor caircuit The two relays are rated to give satisfactery haigh
speed performance at coil currents of 0 5 and O & milliamperes respectively The type
215FA was finally used although there was litile choice hetween the two units Actu-
ally a coll eurrent of 4.5 milllamperes was used in the circuit to allow wider spacing
of the contacts and to provade positive keying of the relay for almest an indefinite
period wthout acjustment The manufacturer of the relay was consulted and 1t was
found that coil currents in excess of 5 mlliamperes could be used safely in continu-
ous operation

In operation of the 215FA relay cbtains a positive voltage to ground from the
300-volt high-voltage supply through series resistor R101  Approxamately 9 volts are
applied te the relay The rectlfied impulses obtained from the range station had con-
siderable background current during spaces due to the goniometer being set at 44°
The sagnal actually obtalned abt the Salt Lake Caity Airport was approximstely 24 volts
of "N" signal and 12 volts of background or "AM signal This voltage was decreased
through variable resister R-100 to an "N® signal of 12 volts and an "A" signal of 6
volts These voltages, which were negative to ground, were also applied tec the 215FA
relay and opposed the positive internally applied voltage  The result was a positive
3 volts of "A" signal and a negative 3 volts of "A" signal thereby providing positive
action of the relay an both directions. The resulting relay current was approximately
plus and mnus 4 5 milliamperes

Balancing "TY pads R-102 and R-103 were placed in the separated "A" and "Nn
circults to balance out any non-umiformity in the caircuits and to compensate for any
small deviation in the location of the on-course receiver  Phenejack J4 was provaded
as an easy means of setting up the proper relay current by adjustment of R-100

The equipment 1s operated in much the same manner as befere  Relay RLO is
blocked in the down-position during adj]ustments to prevent operation of the alarm
A few minutes are required after turning on the monitor to allow relays RL8 and RL9 to
become synchronized The bridge balange using R55 1s identical to that described for
the ummodified equipment  Gain control R1 is advanced until the recorded signal 1s at
about mid-scale Gain contrel R2 15 advanced untal 70 volts of audio signal appear at
J2 and J3  This voltage should be carefully measured with a vacuum-tube voltmeter
since 1t 1s the value of this voltage that determines the correct calibration of 39 on
the course indicator, Ml The relay currert and circuit balance 1s adjusted as previ-
ously described Upon completion of adjustments, relay RL6 should be unblecked

In the modified equipment, relays RL15 and RL17 are provided to prevent opera-
tion of the alarm circnits during transmitter changeover or transmission of broadcast
warning dots from the range station Before an alarm can sound from any cause except
a course shift or a locked link circult relay, relay RL3 must become energized In
order to prevent the sounding of an alarm due to the dialing cof a transmtter change-
over or emergency broadcast, the coirl circuirt for relay AL3 was placed in series with
a pair of open-when-dialing contacts on the operator's dial key  Thus, whenever the
operator dialed any function, that part of the alarm circuit through RL3 was made in-
operative but only during the dialing interval It was also necessary to prevent alarm
opcration due to dialing of these functions at the range station by maintenance person-
nel This was accomplished by placing sensitive relay, RL15, across the call bell car-
cuilt in the Communications Station Strowger equipment  When RL15 operates, time delay
relay RL17 1s also energized The seraes circuit from the coil circuat of relay RL3
15 also carried through open—when-energized contacts on RL17  Thus, when 1t 1s desired
to dial a transmtter changeover or broadcast warming at the range station, the dial
key 1s first operated upward for a very short periocd This provides a very short ring-
ing pulse on the call bell at the Communications Station. Since RL15 15 in parallel
with the bell, the relay operates during the pulse which i1n turn operates relay RL17
Relay RL17 remaine locked 1n the energized position for a predetermined tame and then
de-energizes 1tself. During the period that RL17 is energized, the alarm carcuit
through RL3 1s inoperative and sufficient time for dialing and performance of the
dialed function 1s obtained At 8alt Lake City relay RL17 was set for 15 seconds



The operation of relays RL1Q, RL1l, RL12 and RI13 was changed to provide more
positive operation The rodified circuit for RL10 and RL12 operates in the following
manner. Whenever an alarm circuit to V18 is made, relay R1l% opens and operates the
siren and red light In addition 115 volts, 60 cycles, 1s placed on the locking coal
of relay RI10 through the armature and upper contact of relay RL12 This closes and
locks RL10 which in turn energaizes the coil of relay RL12  This opens the circuit to
RL10 so that the dizlirg functicn wmall not repeat 1tseli indefinitely  When RL1Q locks,
voltage 15 applied teo the dialing motor and the alarm number 22 15 dialed on the
Strowger line energizing the XXX warping signal equipment at the range station  After
the number 22 has been dialed a circuit 1s made due to the cam action on tre contacts
of the control cam to the release coil of AL10 This de-energizes the dialing motor
and the system 15 set up to dial 23 for the clearance signal Relay RL10 w1ll not
operate again during a given alarm period since the lockirg coi1l circuit i1s open at
relay RL12 Relays RL11 and RL13 operate 1n a similar manner

Relay RL14 was made a double-pole double-throw relay instead of doubles-pole
single-throw in order to simplify the instellaticn at Salt Lake City from that at
Indianapolis. ALLl, now performs the same functions as RL14 and RL16 combined in the
Indlanapelis installation

A schematic diagram of the range warning equipment at Salt Lake City 1s shown
in figure 41 There 15 very little difference between the Salt Lake City and Indianapo-
li1s equapment i1n this respect except that dual warning cams and contacts are provided
with a suitable changeover relay All of this equipment with the excepticn of the change-
over relay i1s mcunted on one side D panel in the Strowger relay rack  The changeover
relay 15 mounted 1n the coupling unit i1mmediately behind the miad-point between the two
Boelme keyers

TESTS AT SALT LAKE CITY

The monitor system was lnstalleq at Salt Iake City during the first part of
July, 1942 Figure 42 shows the lceatiom of the range station and meomitor with respect
to the airport Figure 43 shows on-course receiver installation while figure 44 shoews
the momitor i1nstallation at the Communications Station  Remote indicator-alarm units
were installed in the offices of United Air Ianes and Western Aar Lines The equipment
was adjusted and tested curing the periocd of July 12 to July 24, 1943 Further adjust-—
ments were made from August 1 to Angust 3, 1943 The operation of the equipment was
substantially widentical te that obtalned at Indianapolis Copies of the recordings
made during the tests at Salt Lake Ci1ty are shown 1n figure 45 The recorder cnart
speed was 1ncreased from 12 inches per hour to three-quarters of an inch per minute at
the request of maintenance persomnel  later the chart speed was again changed to a
rate of 12 inches per hour in crder to avoid frequent winding of the recorder spring
mechanism and excessive use of the recorder chart

The recordangs shown 1n figure 45 indicate the followlng information relative
to the elapsed time after a fault occurs until the alarm sounds and the elapsed tims
after the fault has cleared before the clear signal 1s given

Average

Alarm Time

1 Course Shift 4 5 Marmutes (42)
1o (7°)
35 Seconds (10%)

2 Link Circuit Relay Locked on {One Side 10 Seconds

3 Loss of Power Hesulting in Less than 50%

Carrier Current Instantaneous
4  TJTmproper laick Caircuirt Relay Kevang Instantanecus

Missing Station Identificatacn 3 Seconds



Lverage
Clearance Time

1 After Course Shift 2 66 Manutes {4°)
29 n (7°)
® 5 n (10°)
2  After Iank Circuit Relay Locked on One
Side for 10 Seconds 3.2 Minutes
3  After Restoration of Normal Power 3 0 Minutes
4  After Restoration of Normal Keying 2 2 Minutes

5 After Restoration of Normal Station
Identification 1 1 Minutes

The average alarm time coincides very closely with that observed at Indaanapo-
11s except the 4° poirt. The gomiometer mechanisr at Salt Lake had considerable back-
lash and 1t was difficult to determine the exact number of degrees tha. the course was
shifted The 4° shaft noted on the dial of the goniometer could easily have resulted
in less than a 4° course shaft Since the voltage applied to the diode rectifiers was
the same for both Indianapolis and Salt Lake City, 1t 1s reasonable tr suppose that
the 4 5 manutes required for alarm cperaticn on a 4° goniometer shift was due to less
than a 4° course shaft The values of alarm times shown are for instantareous course
shifts from normal course alignment  Gradual course shifts which are more commonly
enccuntered would cause the alarm to sound much faster For instance, with an instan-
taneocus shift from 3 59 to 5 O° the alarm sounded in 20 seconds while 1t takes about
1 5 minutes for the alarm to operate when changing from normal alignment to a shift of
59 The average clearance times at Salt Lake City were generally longer than those
cbserved at Indaanapolis This was prebably due te a change in valuss in the time con-
stant circuit C30-R62  These valuss were changed at various times during the tests and
modifieations at Indianapclis It 15 nct known 1f the same constants were used at Salt
Lake City as were present during the final tests at Indianapolis

During the adjustment and testing of the equipment at Salt Lake City, 1t was
ncted that there was a considerable variation in the level of the recorded range signal
from mid-afternoon when low levels were observed to early morning when hiagh levels were
encountered Level ratios as high as 1 7/1 were observed It was first thought that
this variation was due to line voltage variations However, on cne occasion 1n mid-
afternoon during a severe thunderstorm accompanied by a cecnsiderable temperature drop,
1t was noted that the signal rose to approximately that value previously observed in
early morning This would indicate that the level variation was due to temperature
rather than line voltage wvariations

The effect of the wariations in range signal level was to cause the zero-center
course indicator tc show a course shift of about 1° when no course shift actually exist-
ed This was due to the difference in the input-output characteristics of the type 6HA
rectifiers VO and V10 If the indicator was balanced to read on-course at a given level
and tre level changed appreciably, the output of the two rectifiers would no longer be
balanced and a course shift would be indicated  Further work 1s being conducted to
correct tre cause of the level changes and when thias has been accomplished, normal op-
eration of the monitor course indicator will have been restored  Appreciable changes
1n level of range signals were not encountered at Indianapolis

Cn one occasion the operation of the monitor was cbserved during a severe
thunderstorm when all other Commurications Station receivers were completely blocked
by precipitation static No static was observed on the monitor signal during thas
period The shielded loop-type antenna, the underground telephone cable and the proxim-
1ty of the momitor receiver to the range station probably all contrabuted to this very
desirable conditiomn.

* Kot left at 109 position long enough for course indicator te reach 10° deflection



CONCLUSIONS

It 1s concluded that a satisfactory monitoring system for radio ranges has
resulted from this development and that all of the following criginal nine requirements
stipulated for an approved system have been provided

(1) The momitor receiver is located on the fanal approach course

(2) The received aural signals are transmitted to the Communications
Station and all airline offices

(3) Visual signals indicating course devaatzon are provided at the
Communications Station and all airline offices

(4) An alarm system 1s actuated by the monitor equipment whach auto-
matically operates sirens and red lights at the Communications
Station and all airline offices when any of the fellowing radao
rarge faults occur

(a) Whenever the range course moves more than plus or minus
30

{b) Whenever the link circuit relay becomes locked on one
side

(c) Whenever the link carcuit relay fails to produce
interlocked A's and N's

{d) Wnhenever the radiated field drops below fifty percent

(e) TWhenever more than one-half of the station iden-
tification 1s missing

(5} The characteristic warning letters XXX are superimposed upon the
range si1gnal once every A-N cycle whenever any of the above faults
cceur.

(6) It 15 possible to silence each siren manually but the red light
remains lighted until the fault is cleared at the range station
A white laght indicates normzl cperaticm of the range

{(7) A shielded loop-type antenna 1s used at the monitor receiver to
asgist 1n the elimination of precipitation static

(8} A continucus recordang is made of the aural signal with time indi-
cations so that the recorder chart can be easily interpreted at
any time

(9) Voltage regulation is provided to assure stable operation of the
electronlc circuits
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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 12.

Top View of the On-Course Receiver Chassis.
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Figure 13. Front View of Assembled Airport Figure 14. Rear View of Assembled Airport
Monitor Equipment. Monitor Equipment.
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Figure 18. Top View of the Off-Course Receiver Chassis.
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Figure 20. Top View of Electronic Keyer - Bridge Chassis.
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Figure 21.

Top View of Relay - Alarm Chassis.
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Figure 24. View of Entire Airport Monitor Equipment Including Remote
Indicator - Alarm Units as Installed for Test at Indianapolis.
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Figure 43. On-Course Receiver Installation at Salt Lake City.



Figure 44. Communications Station Installation at Salt Lake City.
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