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OMNIRANGE aircraft naviga- 
tion will make air travel safe, 
dependable, and predictable re- 
gardless of visibility, weather, 

and volume of air traffic. A major in- 
novation in air navigation, the omni- 
range will require about fifteen years 
and $1,500,000,000 for installation 
throughout the country. 

The Civil Aeronautics Administi a- 
tion and equipment manufacturers are 
cooperating to carry out the recommen- 
dations of the Radio Technical Com- 
mittee and the Air Navigation Develop- 
ment Board for this program. The Air 
Navigation Board is headed by repre- 

Courtesy CAA 
Fig. 1 -A typical omnirange station as 
the birds see it. The antenna rotating 
gear is in the shelter atop the mast. 
sentatives from the CAA and the Army, 
Navy, and Air Forces. The Radio Tech- 
nical Committee for Aeronautics 
eludes delegates from mánufacturet , 
air transport associations, airlines, pihit 
associations, and similar organizatiou.i. 

Enroute, the pilot can fly any desired 
track within range of the ground tranti- 
mitters strategically located throughout' 
the United States. When approaching 
an airport preparatory to landing, the 
aircraft aligns itself perfectly with the 
runways for a v.h.f. localizer approach 
with the same equipment. Theo ÿÿstem 
uses the v.h.f. communication receiver 
of the aircraft that also serves for two - 
way voice communication with ground 

er aircraft. The same 
receiver also receives voice signals from 
the ground during a ground- controlled- 
approach landing operation. 

The omnirange indicates direction be- 
FIELD FROM PAIR N°2 WHEN PAIR N °I IS ZERO 

supply is located in the house adjacent 
to the antenna tower. 

The ground omnirange transmitter 
radiates two radio signals which add 
together to form a single signal at the 

FIELD FROM PAIR N °I WHEN PAIR N °2 IS ZERO 

Fig. 2 -The two fields produced by the 
antenna pairs add together to produce 
a rotating figure eight field pattern. 

cause the v.h.f. receiver picks up sig- 
nals of a certain phase relationship for 
a given angle from the transmitter. A 
converter unit transforms this phase 
relationship into an infinite number o 
courses with respect to each ground sta- 
tion. The aircraft can use the omni- 
range no matter what angle it bears 
and whatever its location. With the pre- 
vious range systems on lower frequen- 
cies, a plane could "fly the range" only 
a lo n nna mire °frrm`ir 't cTi' of ;. 
groan lGiun. These are only 3 do- àl' es wide. Instead of a total of 12 
degrees of range coverage in a total of 
360 degrees, the omnirange covers 360 
de;;rees for every ground station. 

The ground station 
Fig. 1 illustrates a typical ground 

omnirange station spotted to have min- 
imum distortion or error due to the 
topography of the earth. A circular 
ground plane is atop the antenna tower. 
A housing transparent to rac'io signals 
prótedfs. the antennas. The transmitter 
with its automatic emergency power 

Court,uy Rruelix F'(UtiO 

receiving point, normally on an aircraft. 
One of the two signals radiated is 

nondirectional. The other is a rotating 
field comprising two figure -eight direc- 
tive patterns at right angles to each 
other and derived from a single signal 
source over two pairs of antennas. A 
split capacitor rotated by a motor driv- 
en at 1,800 r.p.m. varies the voltage fed 
to the antenna pairs at a sinusoidal rate 
of 30 cycles per second. The two figure - 
eight radiation patterns add together at 
each instant through a full 360 degrees 
to form a new figure -eight pattern as 
shown in Fig. 2. The non -directional 
field pattern from an additional anten- 

a is superimposed on this rotating 
e eight to produce the resultant 

n shown in Fig. 3. The sum of the 
g and nondirectional fields result 
tating cardioid radiation pattern. 

se this field rotates, the signal 
i en t n poü3G s 

ate of . èr seeoñ 
responding to the mötor rotation of. 
1,8110 r.p.m.). It is called the \Art.tBÍ,E 
(v) voltage. The nondirectional an 
na transmits another signal contain 

fixed modulation or tone of 110 cy s 
which is called the REFERENCE (R) vb C- 
age. The variable voltage is compai d 
with the reference voltage to provide. a 
measure of the bearing of the airborne 
omni- receiver (the aircraft itself) from 
the ground station with respect to mag- 
netic north or zero bearing. A different 
phase angle exists between the refer- 
ence and the variable voltage for every 
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New Design 

change in direction between the air- 
borne receiver and the ground omni- 
range transmitter as shown in Fig. 4. 

The aircraft installation 
Fig. 5 shows the controls or instru- 

ments used by the pilot in an aircraft 
for omnirange operation. 

1. Remote control unit for selecting 
the correct frequency of a tunable or 
present receiver. 

NON- DIRECTIONAL FIELD RESULTANT 
ROTAFIELTING 

%MrD 

FIGURE 8 ROTATING FIELD 

Courtesy Bendix Radio 

Fig. 3 -The resultant of the fixed and 
rotating fields is a rotating cardioid. 

2. Course selector for the course that 
the pilot wishes to follow. 

3. Cross- pointer meter or deviation 
indicator so pilot can determine what 
maneuvers to make to stay on course. 

4. To -from meter to indicate whether 
the station he is tuned to is toward or 
from his location. He can work with a 
station behind as easily as with a sta- 
tion ahead so long as the correct 180 - 
degree side is used in laying out his 
course. 

Besides these controls and instru- 
ments, the aircraft installation contains 
a receiver, a converter unit, and power 
supplies. The receiver is a nine -tube 
AM superheterodyne tunable from 108 
to 135 mc. 

Fig. 6 is a block diagram of the con- 
verter unit. It can function only on the 
omnirange signals coming out of the 1 v.h.f. receiver. This unit takes the com- 
plex audio -frequency signal voltage 
from the receiver and converts it so 
that the bearing of the receiving anten- 
na (on the aircraft) can be determined 
with respect to the transmitting anten- 
na (at the ground omnirange station). 

The a.f. signal consists of two in- 
dependent components. One is the ref- 
erence channel signal. This is 9,960 
cycles per second, frequency- modulated 
(changed in frequency) at a 30- cycle- 
per- second rate to 480 cycles per second 
above and below 9,960. In practice, a 
round figure of 10 kilocycles is used in 
mentioning the 9,960 -cycle signal and 
it is referred to as the "10- kilocycle 
channel." After this signal passes 
through a filter, a limiter provides a 
uniform signal by limiting the maxi- 
mum values which signals can attain. 
This is followed by a discriminator 
which converts changes of frequency 
into changes in voltage. This derives 
the REFERENCE 30 cycle -per- second volt- 
age. Its phase is independent of the 
FEBRUARY, 1951 

bearing of the transmitter. 
The other one is 30 cycles per second 

(variable -channel signal) whose phase 
in space at any given instant is a func- 
tion of the bearing from the transmit- 
ter. This 30 -cycle VARIABLE amplitude 
modulation is in phase with 30 -cycle 
frequency modulation of the 10 -kilo- 
cycle channel when the receiving an- 
tenna bears zero degrees from mag- 
netic north. At every other point around 
the ground transmitter, the two 30- 
cycle voltages differ in phase by an 
amount up to 360 degrees, which can be 
read on the course selector as a bearing 
to or from the omni- station. 

In the block diagram ( Fig. 6) , the 
a.f. output signal from the receiver is 
filtered to separate the 10 -kc and 30- 
cycle components. A highpass filter 
passes the 10 kc as indicated on the 
right side of the block diagram, while 
a lowpass filter passes the 30 cycles as 
indicated on the left side of the same 
diagram. 

On the 10 -kc side, an additional 10- 
kc filter is provided after the discrimi- 

R V 30 CYCLE VAR VOLTAGE 
V`,R (V) (PRODUCED BY 
lID ROTATING FIELD) 

N VA 
NAG 

30 CYCLE REF 

VOLTAGE (R) 
(ONIOKC 
SUB-CARRIER) }R 

y Y 

r 

ODR 
STATION 

R 

V V 

V 
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Fig. 4 -Each point on the compass has 
a different phase angle between the 
reference (R) and variable (V) signals. 

nator to eliminate residual 10 kc which 
might still be present at that point. It 
passes through an audio- frequency am- 
plifier and thence to another a.f. ampli- 
fier as well as through a resistance - 
capacitance network to shift the phase 
approximately 90 electrical degrees to 
an audio amplifier. One amplifier goes 
through an a.f. transformer to a watt- 
meter circuit comprising the cross - 
pointer meter while the other amplifier 
goes through another a.f. transformer 
to a wattmeter circuit comprising the 
to -from meter. 

In the 30 -cycle leg of Fig. 6, the out- 
put of the a.f. amplifier goes through a 
lowpass filter and thence to a phase - 
splitting network which produces a 30- 
cycle input to two a.f. amplifier tubes 
that are functioning 90 electrical de- 
grees apart. A circuit from each of the 
two tubes contains one primary of the 
course selector (CUS SEL. PR. NO. 1 AND 

PR. NO. 2) while the secondary of the 
course selector (cus SEL. SEC) has a 
voltage induced in it whose phase de- 
pends on its angular setting and whose 
magnitude is determined by the voltage 
at the input to the phase splitter. 

In the PHASE -LOC (phase -localizer) 
switch position, the phase and ampli- 
tude of the voltage applied to a tube are 

125 

those required to give zero current in 
the cross -pointer meter when the re- 
ceiving antenna on the plane is in the 
center of the runway receiving only 
REFERENCE voltage. On either side of 
on- course, a signal arrives through the 
VARIABLE channel which is either in 
phase or 180 degrees out of phase with 
respect to the reference voltage. The 
result is a motion of the needle to left 
or right of center as the two signals are 
in or out of phase. The phase -localizer 
function, designed for blind landing, is 
no longer in use. 

Flying the omnirange 
Using the equipment is simplicity 

itself. In the words of a very clearly 
written CAA nontechnical booklet "Fly- 
ing the Omnirange." 

Let us suppose that the pilot decides to fly to 
a particular city. First, he looks at a recent 
aeronautical chart, which shows the frequency 
and location of each omnirange. He then selects 
an omnirange close to where he is going, and 
tunes it in on the proper frequency. To be sure 
he has the correct range, he listens with ear- 
phones to the identification, sent out either in 
Morse code or by voice recording. 

Next, he turns his BEARING SELECTOR until 
the vertical needle centers at the bottom of the 
round dial. He glances at the TO -FROM indicator 
to be sure the bearing is TO the omnirange. If 
it should be FROM, he merely turns the bearing 
selector 180 degrees, at which point the indication 
will become TO. 

All that he then has to do is to fly a course 
which will keep the vertical needle centered. if 
it moves right, the pilot flies right to correct his 
course. If it moves left, he turns the plane slightly 
left until the needle is centered. 

That is all there is to it. If he keeps the needle 
centered, he will fly directly over the omnirange. 
At that point, the TO -FROM needle will flicker 
for a few seconds, then change to a FROM indica- 
tion. If the pilot desires to continue in the same 
direction, he merely continues to keep the needle 
centered. 

Nothing has been mentioned about correction 
for wind drift or correction for magnetic varia- 
tion because by using the omnirange there is no 
need for correction. Keeping that vertical needle 
centered automatically "crabs" the plane into the 
wind just the right amount to fly a straight -line 
course to the omnirange. Magnetic variation is 
corrected in the omnirange itself -all its courses 
are in terms of the local magnetic field. 

New developments 
The omnirange program as described 

in this article is the first of three initial 
phases of the postwar aviation naviga- 
tional radio aid program. Many devices 
-are now in development and in produc- 

CONTROL UNIT - 

COURSE SELECTOR 

TO -FROM METER 

Courtesy Aircraft Radio Corp. 
Fig. 5 -The pilot's control instruments. 
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tion for early widespread adoption by 
major aircraft. Simplified forms are 
being developed for private aircraft. 
The navigational computer, also known 

IAF OUTPUT FROM RECEIVER 
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CPS LO-PASS FILTER 
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1 { LO -PASS 

1 
PP ,E SPLITTER 
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1 
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I AF AMPLI 

' LIMITER I 

I DISC 

l 
IM.I 

ADDITIONAL 101(C 
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ICUS.SELI 
SEC. 
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AFAMPL. 

IAF TRANS. 

TO-FROM 
METER 

RECT. 

AF TRANS. 

CROSS 
POINTER 
METER 

>1 RECTIFIER I - 

Courtesy Aircraft Radio Corp. 
Fig. 6 -Block diagram of the converter. 

as the R -Theta computer, uses two or 
more omnirange stations simultane- 
ously to provide constant and automatic 

fixes for an aircraft at all times. DME 
or distance -measuring equipment oper- 
ating on 1,000 megacycles is now under 
heavy initial production with some $20,- 
000,000 of equipment ordered for the 
ground stations. DME will show the 
pilot the exact distance or number of 
miles he is to or from an omnirange, 
DME- equipped ground point. 

To make simplified, light, low -cost 
equipment available, the CAA has spon- 
sored initial procurement contracts to 
absorb the development cost so that 
plane owners can buy such equipment 
on the basis of production cost alone. 
In competitive bidding, such a contract 
was awarded by CAA to the National 
Aeronautical Corp. of Ambler, Pa., 
which has developed the equipment 
shown in Fig. 7. The components are: 

1. Receiver using seven tubes and 
continuously tunable from 108 to 122 
mc as required for omni- and two -way 
radio reception. The weight is 2 pounds. 

2. Transmitter for two -way voice 
communication. It weighs 22 ounces, 
has six crystal -controlled channels, and 
an output of % watt. 

3. Omni- converter. 
Other manufacturers are also devel- 

oping receiving equipment for putting 
the entire system into one compact cab- 
inet or panel for dash mounting. In the 
costlier and larger systems, up to 280 
crystal -controlled, automatically selected 
channels can be selected for communi- 
cation and navigation. 

Whenever a ground omnirange sta- 
tion is so situated with respect to ter- 
rain conditions that errors exceeding 3 
degrees take place in aircraft, the CAA 
has made local constructional changes 
or even moved the entire omnirange 
station to a more reliable location. The 
need to do this has been minimized by 
extensive field tests with portable omni- 
range ground stations in advance. 

3905 

MOS. UPS64r; 
VHF TRAna..tllTTfR 

,tpIJJ`C(I 
CFtVtR V 

7l11'fOr% 

Court. sy `:atonal Aeruna atical Corp. 
Fig. 7- Omnirange receiving equipment in miniature built for small aircraft. 

TUBES OF THE MONTH 

A ruggedized subminiature, announced 
by National Union, is one of this 
month's new tubes. The tube, a beam 
power output pentode, is designated 
the 5851, and is for military and other 
uses where the tube is subjected to 
unusual shock and vibration. It is suit- 

able for frequency 
doubler operation up 
to 400 mc, producing 
120 milliwatts. The 
filament needs only 
55 ma at 21/2 volts, 

5851 and can also be op- 
erated at 11/4 volts and 110 ma. 

The 5851 is built into a T -3 envelope 
and has a plate dissipation rating of 
1% watts. As a class -A amplifier, it 
will deliver 650 milliwatts audio output 
at 10% harmonic distortion. Designed 
and tested for shock at 500 g, the 5851 
may be soldered directly into the cir- 
cuit, or may be used with a standard 
subminiature socket. 

When used as a frequency doubler 
with an output frequency e 400 mc, 
typical operating conditions for the 
5851 are: 125 volts on both plate and 
screen; 350,000 ohms resistance in the 
grid circuit; 8 ma plate current; and 
screen current of 2 ma. Output under 
these conditions is 120 mw. 

Now being delivered to manufactur- 
ers as original equipment for TV 
receivers and to jobbers as a conversion 
item is Du Mont's new 20CP4 Teletron, 
a 20 -inch rectangular kinescope which 
features a bent -gun design and a dark 
face -plate to improve contrast and 
reduce stray reflections. 

Other characteristics of the 20CP4 
are: over -all length, 21 7Ac inches; 
screen size, 17 x 12% inches; deflection 
angle, 70 °; heater, 6.3 volts at 0.6 amp; 
maximum anode voltage, 18 kv. The 
ion trap requires a 52 -gauss magnet at 
14 kv anode potential. 

Maximum grid No. 2 rating for the 
20CP4 is 410 volts; 
grid No. 1 values 
are: negative bias, 
125 volts, positive 
bias 0 volts, and 
peak positive bias, 
2 volts. 

G -E has an- 
nounced that it will 
also begin produc- 
tion on this 20 -inch tube soon. 
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