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The perfo-ce of the VHF omni range hae heen demonstrated to exceed 
by B good margin the specified requirements of the COT division of ICAO. All 
electrical and mechanical problems encountered in its development have been 
sat1afe.ctoril.y solved. Siting of atationa remains the major inetalbtion pro- 
blem, but it has been found that satisfactory operation can be secured on the 
basic of clearing a 700-foot radius for obetacles 30 feet high, and by-wing a 
large dioh-shaped counterpoise in rough terrain vhere clearing is not practical 

Independent tests made by the Collins Radio Company on ten omni ranges 
selected at random ehoved that course variations were less thRn two degrees 
for 99.25 percent of the flight time of 14 hours 43 minutes devoted to such 
measurements. 

Initial flight tests have been made on a course line computer developed 
for CAA by the Minneapolis-Honeywell Regulator Company, ualng the omni range 
end I%lE installed at Indiannpolie. Parallel tracks over dietances of 120 miles 
were flown with an accuracy of better than two miles. Di&e.nce to en arbitrar- 
ily selected vay point WBB tiso indicated with an accuracy of two ties. 

To meet the need of private flyers for a combined navigation and com- 
munication receiver, negotiations are under way for .e development contract, 
intended to establish facilities for quantity production at low coat. 

Among improvements effected ln the omni range syeten during the past 
year and a half are the following: 

1) A circular antenna shelter hae been devised vhich eliminates errors 
found to be caused by the unsymmetrical configuration of previously 
used shelters. 

2) Resietance cloth has been inntalled around the antenna supporting 
pedestala to reduce envre caused by the emission of vertically 
polarized energy. 

3) The aircraft antenna has been improved in design and location. 

4) Improved clipper circuits have been developed and applied to 
eliminate the possibility of course reversal, and also to reduce 
errorB introduced by the receiving equipment when the action of 
the limiter circuit in the reference channel is inadequate. 

5) A new commercial deal- goniowter has been Rdopted which ha6 an 
r-f efficiency of 90 percent, compared vith 30 percent for earlier 
models. A tone vheel on the goniometer shaft has replaced the 
pilot generator and ten-kilocycle Fn oscillator, which were pre- 
viously used, improving stability and simplifying maintenance. 

6) Progress ha6 been made in the development of a spinning t-mittixg 
antenna which may eventually replace the present five-loop array and 
gonlomcter. 

7) Iaboratory test fecilitiee have been established which are capable of 
preclaion determination of omni receiver and converter characteristics. 



RECENT OMNIRANGE IKPROVEMMTS 
AND STA'IVS OF PROGRAM 

Introduction 

During the past one and one-half yeara, considerable effort has been 
made to improve the eccurecy and reliability of the V?XF omni range system. 
At thitl time substantial improvements have been eccomplished, and the purpose 
of this memorandum is to summarize these improvements and indicate the status 
of the mani range program. 

Reduction of Errors Caused By House 

At the time of the PICA0 demonstration at the Experimental Station, a 
house eight feet square ~86 installed around the antenna array of the south 
o!mi station. The statlon was calibrated by personnel from the Electronics 
Subdivision of Wright Field, Ohio, and from the Experimental Station. The 
over-all accuracy of the system, including the receiver, was feud to be f2.1 
degrees. The receiver vu8 an K-103 type vhich wee modified by the Experl- 
mental Station. As a result of commitments made at PICAO, the monitor was 
moved from a point northeast of the station to B point having a magnetic 
besrlng of north from the station, and the antenna array was rotated 45 de- 
grees to restore the monitor on-course indication. Calibration measuremento 
ahowed that the over-all error ~88 slightly greater than f3 degrees. This 
error was kl degree greater than before the antenna array was rotated. The 
reason for the increase in error wis not understood at first, anJ a series 
of tests were made to determine the optimum rotation of the house with 
respect to the loops for minimum error. It ~88 found that the minimum error 
of +2.1 degrees va8 obtained when the vertical planes through the diagonal 
loops were parallel to the sides of the house. This corresponded to the 
condition existing during the PICA0 demonstration, except that the house and 
loop array had both been rotated 45 degrees. 

In order to deteraine the optimum orientation with a standard 12-foot 
Federal Pirvaye house similar to those used at all omni range stations, one 
~88 obtained from the Third Region and installed. It was found that this 
larger houee increased the error with optimum house rotation to f3 degrees. 
Furthermore, the optimum orientetion of the loop array YRB found to be 
reversed from the optimum orientation for the smaller house since the over- 
all error m.8 smdler when the loop diagonale made an angle of 45 degrees 
with the eidea of the house. The ettached Figs. 1, 2, and 3 show the errors 
observed during flight testa vithout the houee installed and vlth the larger 
house installed. Without the house, the over-all error vae approximately +2 
degrees. With the house Installed and loop array oriented 80 that the 
diagonals of the arny formed an engle of 45 degree8 with the sides of the 
house, the over-all error ves f3 degrees. With the loop array rotated 80 
that the diagonals of the array were parallel to the sides of the house, the 
over-all error wan i4 degrees. Fig. 4 ahovs that rotation of the house 
alone about the fired antenna array caused 8pproxFmately t1.5 degree8 
variation in on-mume indications during obeenations using an Aircraft 
Radio Corporation Type 15 receiving equipment at the Experimental Station 
laboratory. 
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Fig. 5 show the errors observed vithout the house when the transmitter 
antenna array wan rotated and an ARC-35 receiving equipment ~98 used et the 
Experimental Station. Figs. 6 and I ehov the errorB observed under the eame 
conditiona, except that the houee had been installed and the house and antenna 
array were rotated simultaneously. The orientation of the house with respect 
to the antenna array is indicated on the figuree. 

The reeults of all the vork at this stage indicated that a circular 
houee VFLB necessary to eliminate errors due to house configuration. Accord- 
ingly, a circular house having a diameter of eight feet and constructed of 
meeonite material WIB installed and its effect investigated. 

Flight teets were made using the .same ARC-15 receiving equipment 86 
before, and the over-all error va8 found to be f2.1 degrees and we& approxi- 
mately one degree leea than that obtained for optimum orientation of the loop 
array with the Zarge square houee installed. A calibration test ~a8 also msde 
with the aircraft at a fixed point on the ground by rotating the loop array 
through 360 degrees. The over-all error vas 22.2 degrees, and the shape of 
the error curve was very much like that of the flight-test error curve indica- 
ting that the round house did not contribute noticeable errors. For the first 
time good correlation betveen flight and ground calibration VBB obtained. 
Figs. 8 and 9 shoving the above error cu-veB are attached. 

Recent Measurements of Station Error 

Fig. 10 ahovs the measured error of the transmitting station vith cir- 
cular house inetalled. This WEIS obtained by measuring the variation in phase 
of the 30-cycle transmitter modulation at the output of the second detector of 
a recedver located at a fixed point as the loop array at the station YBB rote- 
ted 360 degrees vith the frequency modulated subcarrier modulation removed 
from the center loop. The error ~88 found to be f0.9 degree. The phase of 
the output of the phase discriminator, vith the frequency modulated subcarrier 
undulation restored to the center loop and the goniometer terminated in a 
dumny load instesd of the outer loops, did not vary aa the loop array was 
rotated. 

On December 3, 1947, a sound callbretion of the station was made using 
e. receiver developed by Federal Teleconnnunication Laboratories installed in 
the Air Transport Aeaociation aircraft. An over-all error of 0.0 degree was 
obtained when using the radial converter indicator. This is shown in Fig. Il. 
When the bearing selector vu used, an error of f2.25 degrees wae obtained 
and is shovn in Fig. 12. The error was greater when the bearing selector we.8 
wed, and this was attributed to unbalance ia the bearing selector circuit. 
Theee testa and the measurement8 of the error‘8 in the variable phase signal 
indicate that the omni station, exclusive of receiver, has an accuracy of 
approximately *l degne. 

In comparing the error c-e8 om Fige. 9 and II it should be noted that 
the error obtained using the ARC-15 receiver is f2.2 degreea, vhile the error 
obtained using the FTL receiver ie only il.0 degree. The difference in over-all 
error la attributed to larger error8 in the ARC-15 receiver and to different 
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error di0tribution in the ARC and FTL rsceivere. Reosivere of improved design 
are IJII order, and vhen theme receivers are obtained, the over-all accuracy 
should be equal to that of Fig. Il. 

Black Moshannon Station Error 

The Black Moshamon omni range is located in the mst Ngged and 
wuntainoue terrain of the Apgalachian Uountains. A calibration of this eta- 
tion rae made on December 18, 1947, by Exprimental Station personnel. The 
calibration curve obtained is siwvn in Fig. 13 and indicatesan over-all error 
of t2 l/2 degreea. It is believed that replacing the square houee now instal- 
led with a oircular house vlll substantially reduce the error8 obsemed. 

Reduction of Polarization Errors 

Recently, considerable effort haa been made to reduce the magnitude of 
the vertically polarized enerm radiated from the antenraa in order to reduce 
errore notioed vhen flying the aircraft at different headings over a fixed 
point and to reduce aircraft attitude error.% 

For several years the errors due to changing tha aircraft heading were 
checked by flying the aircraft over a specific point towards and away from the 
station and in both dire&lone normal to the radial through the point. Tnie 
same procedure VFIB folloved over PFnts at different azimuths from the station. 
The errors vere approximately +l degree. During the period from October 15 to 
October 17, 1947, the ATA made a seriee of flights over eeveral points at eight 
different headings. Some of the tests msde by the ATA were repeated inwa- 
dlately by the ExperImental Station, and it VBB found that errore of +2 to -4 
degrees were obtained using the tail V antenna vhen the aircraft heading ~88 
epue.1 to the bearing of aircraft to station r45 degrees. The results of thi6 
teat are ehovn in Fig. 14. When ueing the forvard V antenna, error8 from t2.5 
degrees to -2 degrees were obtained as shown by the dashed curve of Fig. 15. 

lVumerous methods were tried to reduce the errors due to the vertically 
polarized component, It VFLB determFned that the best practical solution MS 
to rotate the phaee angle of the vertical component 80 that it had a phaee 
angle of 90 degrees with respect to the horizontal component. In addition the 
amplitude of the vertical component ~88 reduced 10 percent.. This we.8 BSCOP- 
pliehed by wing raeiatance cloth wrapped around the four outeide leap pedestals 
in the form of a square. A single layer of thie cloth MS vrapped araund the 
top and b&ton of the four outside loop supporting pedestals ~LS c1 group. The 
top and bottom layers overlapped for a distance of tvo feet at the center par- 
tion of each pedestal. The pedestals vere not wrapped individually. This 
cloth had a rated realstance of 377 ohna per square, although the measured 
reaistanoe -8 500 ohm13 per square. 

The final resulta .!I, ahovn on Fig. 16 indicate8 that the errors at 
different headings vary from +I:1 to -0.6 degree vhen using the tailV antenna 
and +1.6 to -1.4 degrees when using the forward V antenna. Theee raeults 
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Indicate that a substantial Improvement has been made, eepecially vhen the tail 
V antenna is used, and that the tail V antenna location la superior to the for- 
vard Q antenna location which is just aft of the hatch in the pilot's compart- 
ment. 

Flight test0 on December 8, 1947, made before and after the resistance 
cloth VBB installed shoved that the installation of the cloth decreaeed the 
attitude errors. The folloving table lists the maximum errors noted during 
360-degree turns at B 30-degree bank at various distances east of the station 
during e flight in aircraft NC-181 using ARC-15 receiving equipment &nd the 
tail V antenna. 

DiBtance Maximum Error 
From Station With Cloth Installed Without Cloth Installed 

(miles) (degrees) [degwes) 

13.75 il.5 k2.25 
23 il. 75 f3.4 
30 fZ.l f3.1 

A comparison vas made of attitude errors when using the tailV antenna 
and using the forward V antenna. The resistance cloth was used during all these 
tests made in NC-182 and wing another ARC-15 receiver. 

Distance Maximum Error 
From station T&i1 V Antenna Forward V Antenna 

miles (degrees) (degrees) 

13.75 il.75 52.0 
23 tl.05 21.8 
36 f1.75 f1.25 

Stability of Omni RRnge Course0 

During the PICA0 demonstration and prior to thia period, the center loop 
end sideband loopa were fed from a common source of r-f energy. A clipper ~88 
insorted between the source (output of the transmitter) and the goniometer 
input. The results obtained vith this arrangement were excellent in that the 
courae8 were always found in the fame position. 

After the PICA0 demonstration, it was decided to investigate a different 
method of feeding the antennae. This method consisted of feeding the center 
loop antenna from the power amplifier plate circuit and the goniometer from 
either the I.P.A. plate circuit or the power amplifier grid circuit. Thee 
tests disclosed that slight variations in course poeitions occurred and it 
va$ difficult to maintain constant percentage variable phase modulation. 
Variations in the phase of the voltage fed to the outer loops with respect to 
that fed to the center loop caused a variation in course vidth and a uarked 
lncreaes in course bends. It has also been observed that an open grid of one 
of the power amplifisr tubes caused a shift in phase which reversed all EOUTBBB 
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180 dee-eea even though the station continued to operete and transmit an ap- 
parently normal signal as observed in the airplane. 

Reversal of course8 without other apparent malfunctioning is very 
Ber‘1ous and must be prevented. The use of signale from 8 etation with such B 
defect could easily result in di&ast.er. T?e stations must be monitored in a 
manner sxh that the station vill be made inoperative immediately should 
course reversal occur. Course reversal could occur unnoticed for a period of 
time if the station is not monitored constantly, or if the monitor ia defec- 
tive. For this reason it is deemed necessary that the goniometer be fed from 
a clipper circuit connected to the output circuit of the paver amplifier to 
insure constant phase displacement of the energy fed to the goniometer with 
respect to that fed to the center loop for any condition which might prevail 
at the transmitter. 

The effectiveness of the clipper circuit, described in the publication 
"The CAA VHF Omni-directional Eadlo Range With Simultaneous Voice" dietrlbuted 
at the PICA0 demonstration, has been improved by using a V!W bridge end 
superior diode tubes. Alao, the unit ho'iBing the tubes hAs been greatly im- 
proved both from the standpoint of mintensnce end construction. Fig. 17 
shows a block diagram of the omni transmitting equipment including the clipper, 
VHF bridge, end associated parts. The oecillograms on Fig. 18 shov the en- 
velopes of the voltage appearing in the transmitter output and clipper output. 
T.he original clipper reduced the ten-kilocycle modulation from 25 percent to 
approximately five percent, the latest cllpper reduces the ten-kilocycle 
modulation from 30 percent to a negligible percentage end similar to that 
shovn in the oscillograma. Fig. 19 ie a schematic diagram of the "clipper" 
shovn in Fig. 17. 

Steps are nov being taken to install clipper circuits at all m omni 
range stations. Thim vill eliminate the difficulties outlined above when 
supplying the antenna array from tvo r-f 8ouTce8 which ten very in phase. 
The use of clipper circuits will also reduce errorB introduced by the receiving 
equipment when the action of the limiter circuit in the reference channel 1~ 
inadequate. 

The Conlometer and Tone Wheel 

The goniometer, pilot generator, and ten-kilocycle BM oecilletor wed 
during the PICA0 demonstration has been replaced by superior equipment. The 
nev goniometer unit la much smaller and is driven by R l/20-horaepover 
synchronous motor, vhereas a l/2-horsepover eynchronous motor va8 required to 
drive the old unit. The r-f efficiency of the nev goniometer is approximately 
90 percent, vhile that of the old goniometer MB 30 percent. 

ALSO driven by the l/20-horaepover synchronous motor is a tone vheel 
which take.9 the piece of the pilot generator and ten-kilocycle FM oscillator. 
The tone vheel greatly improves the stability and simplifies the Fnatallation 
and maintenance of the et&ion. Fig. 20 is a photograph of the CAA Type 1231 
capacity goniometer and tone vheel unit. 
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spinning Antenne Development 

The epiming dipole tp antenna has been replaced by the epinning 
double-loop antenna shown in Fig. 21. The spinning dipole antenna we8 not 
satisfactory becauee of errors Introduced by vertical polarization. The new 
spinning antenna is made of magmsium, rotatee et l60C1 rpm, and theoretically 
only horizontally polarized energy will be radiated. The carrier is radiated 
from a loop antenna placed either above or belov the epinning antenna. Teete 
ere being made at the preeent time to determine the characteristics of the 
lm" antenna. 

Method of Setting Up and Monitoring Omni Ranges 

PICA0 atandarda have been set up which establlah the direction of rota- 
tion of the figure-of-eight pattern 6~ clockwise. In order to check the 
direction of rotation of the figure-of-eight pattern the carrier energy to the 
center antenna ie removed. A check is made of the position of one of the nulls 
of the figure-of-eight pattern vith a field meter vhen the gonlometer is stop- 
pod. The goniometer is rotated 45 degrees manually in the fame direction as 
during normal operation, and the position of the figure-of-eight null is again 
obeerved. If the null hae moved in e clockvise direction, the direction of 
figure-of-eight rotation is in accordance vith PICA0 standards. If the rota- 
tion of the figure-of-eight pattern is found to be counterclockwise, the r-f 
cables feeding the tvo pairs of sideband loops are Interchanged at the 
gonionater. 

In order to insure uniform alignment of all etatione with respect to 
nulgnetic north and to provide a means of monitoring the station course align- 
ment, B monitor has been developed. A schelastic diagram of the monitor IS 
shovn in Fig. 22. A remote pick-up in located on a pole at magnetic north and 
approximately 200 feet from the station, end the monitor is used to determine 
whether the 30-cycle modulation voltages from the variable and reference phase 
sidle are in phase. 

When the CAL-MOI stitch la in the CAL position, the only elw1 fed 
into the monitor phase comparison circuits is the signal from the tone wheel. 
The JO-cycle output voltage of the frequency discriminator circuit which is 
designed for zero phase shift is fed to the variable phaee channel conelating 
of a X)-cycle pass filter and amplifier. The discriminator output voltage ie 
aleo fed to the remaining portion of the reference phase channel which con- 
sists of 30-cycle mpliflere and bearing aelector. The bearing selector ie 
edjusted to the setting that vlXl center the the couree deviation ind.iCetOr 
needle end provide clockwise motion of the needle when the bearing selector 
is moved in a clockvise direction. !l'his adjuetment is made to obtain on- 
course indication of the sourme deviation Indicator when the 30-cycle 
variabls phaee modulation voltage and the 30-cycle reference phaee mduletion 
voltage are in phase. When the CAL-NON switch la in the WON poeition, the 
variable and reference phase voltagea from the detector in the remote pick-up 
are fed into the monitor variable and reference phme channels, respectively. 
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If the course deviation indicator remains centered, the phase relationship 
of the modulations of the tranemlttad ai@~~l are in phase or 160 degrees out 
of phese. If the indicator does not remain centered, the tone vheel pick-up 
coil should be rotated to center the indicator. 

In order to determine that the reference and variable phase voltages 
ere in phaee instead of 160 degrees out of phase, the bearing selector is moved 
in a clockwlee direction. If the voltages are in phase, the couree deviation 
hdioator needle vill al30 move clockwiee. If the needle should move in the 
counterclockwise direction, the antenna array should be rotated 160 degreee. 

Laboretory Test Facilities for VHF Omni Range Receiving Equipment 

Laboratory teet facilities that provide signals elmulating those from the 
VHF omni ranges have been developed. These facilities have been ueed to deter- 
mine the performance characteristics of VHF omni range receiving equipments. 
Heretofore, satisfactory test equipment has not been available commetcially, 
although it Is anticipated that test equipment suitable for over-all perform- 
mce measurements will be Hvlde available by Colline Xadio Company in a few 
monthe. 

A block diagram of the teat facility componenta developed at the Experi- 
mental Station is shovn In Fig. 23, end schematic diagrams of the r-f modulator 
unit, frequency modulated 9960-cps oscillator and VBY converter in Fig. 24. 
The ten-megacycle eignal from the signal generator is -dulated and ie fed 
to the zwdulator unit vhere it is amplitude modulated by the 30-cpe signal 
from the verieble phase alternator end also by the frequency modulated 9960-cps 
Sign& The modulated ten-megacycle signal is fed to the VHF converter con- 
sirting Of en oecillator operating et & frequency Of 125 lmgaeyclee, a mixer, 
end en amplifier. The receiver is tuned to the ll5-megacycle eignal which 
contains the mame iwdulation a8 the ten-megacycle signal. If desired, voice 
modulation may be introduced by means of the microphone and voice amplifier 
connected to the adulator unit. 

The ViiF converter may be reuwed U the output of the modulator con- 
nected direotly to the intermediate frequency amplifier &ages in the receiver 
if it is desired to make testa involving only the intermediate frequency and 
audio etagee. 

If desired, the frequency modulated tone vheel aesembly my be substi- 
tuted for the frequencf modulated 9960-cpe oscillator. The tone vheel assembly 
is identical to that used at the omni range station; hovever, the oscillator 
is used for develomnt purposes since the frequency end frequency deviation 
can be varied to etudy the characterietics of the frequency discriminator in 
the receiver. Also, provieion is mRds for amplitude modulating the frequency 
modulated si@al for the purpose of determining the effectiveners of the 
limiter circuite preceding the frequency discriminator, 

Zc eimtite the effects of propeller modulation audio siwle in the 



frequency range of 30- to 9C-cps are applied from the variable frequency audio 
oscillator to the grid circuit of the 6AC7 amplifier tube in the VHF converter. 

When determining the effect of power line frequency variation et the 
transmitter upon the receiving equipment accuracy, the tons wheel assembly is 
substituted for the 9960-cps oscillator. The synchronous motors of the tone 
vheel eseembly and 30-cps alternators are operated from a variable frequency 
alternator which is driven by a d-c motor. By varying the voltage applied to 
the direct current motor, the motor speed and alternator output frequency is 
varied. 

To determine the bearing accuracy of the receiver the stator of the 
variable phase alternator is rotated in desired angular increments, and the 
correapondlng readings of the receiving equipment bearing selector are noted 
and compared with the settings of the variable phase alternator stator. 
Accuracy and course sensitivity tests may be made et different signal levels 
and at different signal frequencies by adjusting the 61gnal generator output 
attenuator and frequency of the VHF converter oscillator. Fig. 25 shows the 
error curve of an Aircraft Radio Corporation Type 15 receiving equipment vhich 
was recently modified to reduce errors. Flight tests will be made to deter- 
mine the over-all accuracy of the Bystem using this receiver. 

Improvement of Aircraft Receiving Antenna 

In the omni range system it is important that the aircraft receiving 
antenna has satisfactory electrical and mechanical characteristics. In ad- 
dition to being weather resistant and having good aerodynamic design, the 
field pattern, sensitivity, and attenuation of vertically polarized signals 
should be satiefactory over the band of frequencies from 106 to 122 megacycles. 

An improved model of the pedestal type of coaxial V antenna h.w been 
constructed using cast magnesium parts and is shown in Fig. 26. The model 
veighs four pounds ten ounces, end IS eighteen inches over all in height. The 
electrical characteristics are ahown in Figs. 27 and 26. Both the standing 
veve ratios and the radiation pattern vere taken under free space conditiona 
vhlch are similar to those encountered vhen the V antenna is mounted six 
inches above the vertical stabilizer of a DC-3 aircraft as ahovn in Fig. 29. 
This location is the wet efficient mounting position from the standpoint of 
sensitivity and freedom from propeller modulation interference. Polarfzation 
effects are also reduced by locating the receiving antenna on the vertical 
stabilizer vhen resistance cloth Is not used at the omni range station. The 
second choice in location Is Just forward of the aatrodome and 16 inches 
above the skin of the aircraft. With twin-tailed aircraft, this haa been found 
to be the best location. In this location the service range is essentially 
equivalent to the tailV when headed toward the omni station, hovever, the 
service range Is reduced approximately 20 percent vhen headed avey from the 
omnl station. Purthenmre, the propeller modulation la increased approximately 
200 percent. 
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Since the preeent model ia intended for we vith RG S/U, 52-ohm coaxial 
trenenission line instead of the balanced RG 22/U line formerly used, a 
balanced to unbalanced bazooka matching section hae been built into the pedestal. 
This adds 12 ouncee to the weight of the unit and permits the uee of a line 
vhich is meohaaicaXty more reliable and has considerably leee attenuation. 

Coaxial V antennas have been used on various typse of circa-aft for the 
past tvo years with very satisfactory results. 

Course Line Computer8 Using Infonmtion From Omni Range and IN& 

In addition to the omni range inslallation program nine distance 
mW~9~iI@ eqUipm%nt r3r’oWld beacons are now undergoing factory tests. These 
unite vill be installed early this spring for exhaustive field teats. 

Extensive flight tests have been made on the experimental model of the 
course line computer developed by the Mlnneapoli.e-Honeywell Regulator Company 
for the Civil Aeronautics Administration. The omnl renge and IME facilities 
at the Experimental Station were ueed for these tests. Results of teste con- 
sisting of flights over parallel ground tracks 120 milss long indicate that 
tracks can be flown with an accuracy better than ?2 milea. A map showing an 
actual flight track and a recording of course deviation indicator deflections 
is shovn on Fig. 30. These data ahov that the accuracy of the computer ie 
acceptable. The couree width, however, is too sharp and in future tests five 
dote on the couree deviation indicator vill be made to represent six miles 
instead of 2 l/2 miles. This computer also indicatee dietance to a selected 
destination on the chosen track. This indication 18 also accurate within 
two miles. Automatic radio flights heve been made on the present computer) 
hovever, the control is Bornewhat rough because of the periodic variation shown 
in the right-hand end of the recording of Fig. 30. Smoothing of automatic 
flight will require the utilization of new long-time integrating techniques 
vhich have recently become available. 

In order to determine the characteristica of other typee of computers, 
arrangemente are being made to obtain computers from Collins Radio Company 
and Bendix Radio. Aleo, an improved model has been desimed by the Experi- 
mental Station and is now under construction. 

VOR Flight Tests and Laboratory Measurementa by Collins R-idio Co. 

The Collins Radio Company conducted flight test8 of ten omni range sta- 
tions in October, 1947, and reported the reeulta in e 27-page report. The 
flight teats were made in & DC-3 aircraft using a tailV antenna and the 
Collins 51-R navigation receiver together with recording equipment. The fol- 
loving give8 the pertinent data contained In the report. 
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An anr?&eia of flight recordings obtained by flying various courses of 
the ten stations shoved the wriation in on-course indications produced by 
course bende ae follove. 

Minutes Percents.. 

Total tims when deflection exceeded i3 degrees 1 l/2 l/4 
Total time when deflection exceeded i2 degrees 6 4/10 314 
Total time when deflection vaa less than f2 degreea 875 99 l/4 

The 6 4/10 minutes vhere the deflection exceeded tvo degrees were mcrde up of 
a number of intervals each of short duration. Cone effects were excluded in 
thin analyeie. 

The toupee vidth on all stations ~8s found to be between 20 and 23 
degrees. All stations were fad to deliver a usable siepal out to and eome- 
vhat beyond the optical line of eight. Reciprocal course error obtaiped by 
flying straight tracks over the station was found to be lee8 than two degrees 
(or leaa then one degree on any given radial). The orientation of the station8 
vith reepect to mgnetic north or "indexing error" ~88 found to be lees then 
could readily be ascertained from the limited chart data available on the 
position Of the stations. 

At various times during the flight tests, the propeller speed we varied 
to tie residual propeller effect shov up on the recordings. Occasionally, 
with certain critical headings, an oscillstion in indication aa high ae *l/2 
degree wea experienced hiving e period corresponding to the difference betveen 
the propeller frequency and 60 cycles. In general, propeller modulation pro- 
duced no observable effect on the course indications. 

Sane of the m%Jor over-all perfonuence characteristics of the Type 5lR 
navigation receiver developed by the Collins Radio Company to comply vith the 
Aeronautical Fadio, Incorporated, specifications are shown on Figs. 31 to 38, 
inclusive. These iiguras were drab-n from graphs furnished by courtesy of the 
Collins Radio Company. 

Existing Problems of Owl Range System 

Experience obtained to date both in the development and installation of 
VHF ml rangee has indicated that there are no ine-untable problems. All 
electrical end mechanical problems have been satisfactorily solved, however, 
it is conceded that citing of the omni stations ie the major problem in connec- 
tion with the installation of facilitiee. Summarized briefly, it hae been 
found that in flat terrsin in the vicinity of trees and obstaclee 30 feet high 
the installation ehould be made at a site which is cleared to a radius of at 
beet 700 feet. If the trees or obetecles are 60 feet high, the radius of the 
cleared eree should be at least 1400 feet. If the obstacles are 90 feet high, 
the radius should be at leant 2100 feet. In mountainous terrain it has been 
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found desireble to locate owl ranges on top of high ground vhich is RS level 
RB possible in the vicinity of the station. It haa also been found desirable 
to Iuse counterpoises which 8re l.5 feet high in lieu of the 30-foot counter- 
poues when the rsnges ere located on hills or mountains. In sites which have 
been located in rough terrain it haa been found that a very considerable im- 
provement in the elimination of couree benda hae been made by erecting dish- 
shaped counterpoises 85 feet in radius which decrease the magnitude of the 
reflected wave thet reflects off the rugged slopea. In locations where the 
ground is abnormally rough, or in the vicinity of trees vhich cannot be re- 
moved, e major improvement can be made by utilizing this technique. It is 
planned to make more extensive tests of siting problems, and it is confidently 
felt that a satisfactory solution will be found. 

Teeta have been made where the power line frequency et the omni station 
wea varied between 57 and 63 cps and bearing obse~ations were made wing e.n 
early model ARC-15 owl receiver which produced the result6 plotted in Fig. 39. 
The Collins receiver, a later end mare improved omni receiver, produced the 
smell en-ore shovn on Fig. 34 for power frequency variation, excluding the 
pheee splitting circuit. Theoretically the phase splitting circuit should pro- 
duce one degree per cycle vnriation at 60 cycles. Tests will be conducted on 
thie receiver during the next few weeks to determine its error with line fre- 
quency variation. 

While most commercial power companies maintain their frequency to within 
tl/lO cpa of 60 cp~, a local stebilized oscillator has been developed end Ia 
available to supply pcmer for the goniometer and tone wheel synchronous motor 
in the localities where the power frequency is not satisfactory. 

Status of CAA Omni Range Program 

As of October 31, 1947, the latest date for which complete information 
is available, the statue of the VHF omni range installations is &B follow; 
it is planned to inetall 394 VHF omni range stations, 34 of which are already 
in operation, end 211 are in the procees of construction and Installation. 

In order to promote commercial interst in the development and production 
of a low coat privet0 flyer's navigation receiver, epproximetely 12 commercial 
cotxeme were contacted for the purpose of determining the poesibillty oP pro- 
ducing a low cost receiver having performance charecteriatice auitable for the 
prbste flyer. As e reeult of these discusslone, a specification containing 
minimum essential performance requirements ~88 prepared. Aegotiatlons ere non 
being made to obtain a quantity of these receivers through e development con- 
tract intended to establish fecilitiee for production et low cost. 
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SOUTH OMNI RANGE 

ARC-15 RECEIVER SERIAL W 97 
AIRCRAFT NC- 181 
POINT 20 MILES NORTH OF STATION 

ALTITUDE 2300’ ABOVE GROUND 
TAIL V ANTENNA 

NO RESISTANCE CLOTH ON PEDESTALS 
DCT 17,1947 

3500 0” 10 
2.n. - “-0 

STATION 

FIGURE 14 BEARING SELECTOR READING VERSUS AIRCRAFT MAGNETIC HEADING 
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SOUTH OMNI RANGE 
ARC- 15 RECEIVER SERIAL W 98 

AIRCRAFT NC-181 

POINT 23 MILES EAST OF STATION 

ALTITUDE 1000’ ABOVE GROUND 

FOWARD V ANTENNA 

DEC I, 1947 

x-----x-----x NO RESISTANCE CLOTH ON PEDESTALS 

M RESISTANCE CLOTH ON PEDESTALS 

FIGURE I5 BEARING SELECTOR READING VERSUS AIRCRAFT MAGNETIC HEADING 
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SOUTH OMNI RANGE 
ARC- I5 RECEIVER SERIAL P 97 

AIRCRAFT NC - I61 

POINT 20 MILES NORTH OF STATION 
ALTITUDE 2500’ ABOVE GROUND 

RESISTANCE CLOTH ON PEDEiTALS 
NOV 20.1947 

STATION 

X---X---X FOWARD V ANTENNA 

- TAIL V ANTENNA 

FIGURE 16 BEARING SELECTOR READING VERSUS AIRCRAFT MAGNETIC HEADING 
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A - 
TRANSMITTER OUTPUT 
30%MODULATED AT IOKC 

4 A ” ” 

USEFUL POWER 

I A v A I 

!? 

PROPER CL\PPER OUTPUT 

-- - -8 I- - - - - --b_‘- - -----k-s---- 

I 

1 
_ _ _ _I->_ _ _ _ -- -_*-*- ____--1-L--- 

G 
EXCESSIVE CLIPPING 

FIGURE IS WAVE FORM PATTERNS USING CLIPPER 
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FIGURE 20. CAA TYPE 1231 CAPACITY GONIOMETER AND TONE WHEEL 
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RECEIVING ANTENNA ROTATED THROUGH 360° 

DISTANCE 200’ FROM TRANSMITTER 

FIGURE 26 VHF V ANTENNA MODEL V-106 - FIELD PATTERN 
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FIGURE 29. RECEIVING TAIL V ANTENNA 
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11/lIIlIIIIIIIIl ,100 3130 R-0 
FREQ”EiCY” IN KC 

JPSO 3300 

FIGURE 37 COLLINS-5LR RECEIVER 2ND I-F SELECTLWTY 
ICOURTESY OF COLLINS RIO10 co I 
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SOUTH OMNI RANGE 

ARC-15 RECEIVER SERIAL NO I LOCATED 

l/4 MILE NORTH OF STATION MOBILE 

POWER SUPPLY USED AT STATION 

37 36 39 60 61 62 63 

TRANSMITTER POWER SUPPLY FREQUENCY-G P S 

FIGURE 39 ARC-15 RECEIVER BEARING SELECTOR VARIATION 

VERSUS POWER LINE FREQUENCY 


