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A TERMINAL VHF OMNIRANGE MARKER *

SUMMARY

This report presents a techmical description of a terminal VHF omnirange marker de-
veloped at the Techmcal Development and Evaluation Center of the Civil Aeronautics Admims-
tration, The purpose of the marker 1s to provide an audible position indication to aircraft on
designated TVOR approach radials,

The marker incorporates a principle of operation which requires no marker receiver,
since the marker signals are received on the VOR navigation receiver simultaneously with the
TVOR signals, It 1s small and 1nexpensive. Power for the marker 1s supplied from batteries,
and, because of the low=-current drain, servicing 1s requred only every six weeks

The data presented in this report are typical of those obtained from the measurements
of four umts of equipment now operating in conjunction with the TVOR at Weir Cook Airport,
Indianapolis, Indiana.

INTRODUCTION

Thne operational experience gained in the use of the very-higph-frequency omnirange
(VOR) system resulted in the conviction that there are many advantages to be gained by placing
a VOR on an airport. This led to the development of the terminal VHF omnirange, or Tvor!l,
The TVOR oifers accurate and reliable guidance for aircraft descending under instrument-
flight-rule (IFR) conditions to minima that will place each aircraft in a position to land on a
runway when the pilot establishes visual contact with the airport.

Operational experience gained in flying the TVOR as an approach facility immediately
revealed the fact that a TVOR marker would greatly facilitate the approach procedure by
providing a check point at which the descent to maimimums could be safely started.

The use of markers to provide position indication in aerial navigation 1s not new. For
example, the instrument landing systems (ILS) installed throughout the United States are aug-
mented by one or more markers at each i1nstallation, These markers operate on a frequency
of 75 Mc and require a special airborne receiver and antenna. This type of marker has been
1n cperation for a number of years and has proved to be a reliable and accurate position-
indicating device. Such a marker could be used to augment the TVOR and would provide the
same service i1n conjunction with the TVOR as 1t does with the ILS. However, a new type of
marker was developed involving a principle of operation which results in greater economy
with respect to the ground-installation and aircraft-equipment requirements.

The TVOR marker consists of a one- or two-tube, crystal-controlled, battery-powered
transmitter with an r-f output of one milliwatt and a simple two-V type of antenna array. The
marker 1s located at a smtably located plot of ground approximately 66 feet by 66 feet. The
marker transmatter operates on the same frequency as the TVOR, + 2000 cps approximately,
and the transmitter output consists of keyed CW {continuous wave) radio-frequency energy,

In developing the TVOR marker 1t was assumed that the aircraft would be equpped with
a VOR receiver and that no additional equipment would bhe required in the aircraft. A pilotin
an airplane flying a radial over the marker hears a keyed signal of approximately 2000 cps 1n
the headphones of the VOR receiver, The audio output 1s the result of the beat note derived
from the marker carrier signal and from the TVOR carrier signal. This eliminates the neces-
sity for an audio oscillator and a modulator in the marker transmitter, Furthermore, because
of 1ts extremely low power, no course distortion of the TVOR 1s apparent when the aircraft 1s
flyaing over the marker,

1
5. R, Anderson and T, 5, Wonnell, '"The Development and Testing of the Terminal VHF
Ommrange," Techmcal Development Report No. 225, April 1954,

*Manuscript submitted for publication September 1953



ﬁ%@aﬁ%%% P
i B

2 Mﬁwisx wmwww x&m

g L Bene e
T S

Hitie i S

[ by
L Fpie &
eedl i

03
5
]

.
=

s
Hr

%,
\
\
e
;ayﬁj;
g
4.
:
#
.
.

A

P h
K

g

e,
%x
"

i
g%
;
4

4;‘
1A
v d
.
0
e
s iR
:
3
i
-
.

¥ e
x il

T
£
=
=
i
A
H
*

Bpaie:

:
;
Ese
i
=
3

]

E]

%

& PR P =
Ty EEYR g e o2 P
P R * o
e EIPE
ol P R I B
EX T B E RN ) pin v
S PR B g nALE e
Breh (i Vo o) dutel
. RCR

SigE e
EE Wt
By T it w
% wd¥ R

T
P e

Barg Bn
Tt sl BT e
e T A

n kB o
a T 2

4 2%

The

transmitter, therefore, must transmit on a frequency of 114.4 Mc * approximately 2000 cps.
Two of these employ a

Lifth-mode overtone oscillator at 57.2 Me with a doubler output circuit, They are shown in
Figs. 1 and 2, The third transmitter consists of a single-triode tube using a minth-mode

overtone crystal oscillating at a frequency of 114,402 Mc.

These requirements

dictate the use of an overtone-crystal oscillator circuit in order to obwviate the use of

frequency-muliiplication stages.

to determine the effects of

The data obtained from the tests conducted

1 TVOR Marker Transtmutters and Power Supply
TRANSMITTER

Fag.
The schematic diagrams of these three transmaitters are shown in Figs. 3, 4, and 5. Of

these three, the best transmitter from the standpoints of stability and reliability 1s the one

employing the 12AT7 tube and shown in F1ig, 4,
Laboratory tests were conducted on these transmatters

The TVOR at Indianapolis Weir Cook Airport operates on a frequency of 114.4 Me.
termnperature and the variations of battery voltage.

The two primary specification requirements for the marker transmuitier are that

it be crystal-controlled and that 1t consume a mimmum of power,
Three different marker transmitters were developed for this purpose,

R-F Circuits.
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Fig, 2 Bottom View of Types 2 and 1 Transnutiers

on a transmatier which used a fifth-mode overtone crystal and a Type 12AT7 tube are presented
in Figs. 6, 7, and B, Figure 6 1z a dual graph of output and audio-beat-frequency variations
during temperature tests, The temperatures ranged from -25° to +55° C,

The transmitter keying rate was also observed during these temperature tests, It varied
from 2.9 to 5 transmissions per second. Figure 7 1s a graph of the audio-beat frequency
versus the battery voltage, This graph indicates the freguency stability throughout the battery
charge-to-discharge cycle, Figure 8 shows the transmitter power-output variation with change
in battery voliage,

The development of a keyer for the TVOR marker resulted 1n the use of a relaxation
oscillator which periodically biases the crystal oscillator to the point of cut-cff, The keying
circult 1s shown i1n Fig. 4.

Power Source,

The specifications for the marker required a battery power source of sufficient capaciiy
to provide 6 volts for tube filaments and approximately 90 volts for the keyer and the plate
circwt and to operate the transmitter for a pericd of not less than six weeks, The high volt-
ages may be produced by the connection of battery cells in series or by the use of a low-voltage
source and a vibrator-transformer type of power supply. Several schemes were 1nvestigated,

Dry-Cell Battieries.,
Effect of Temperature,
In dry-cell batteries, chemical reactions are accelerated by an increase 1n temperature,
In the dry cell, a temperature rise increases both the useful current-producing reaction and
the parasitic local reaction during 1dle periods., The net effect on the total capacity delivered
will depend on the balance between these two forces and will be different for various designs
of cells, As the temperature decreases, the activity of the cell 15 lowered until finally the cell
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Fig. 3 Type 2 Transmitter (Electrical Schematic)

The lowest temperature limat

of use will depend on the cell formula, the cell size 1n relation to the drain of current, and the
frequency of use. In general, dry cells will not furmsh useful current when the actual cell
temperature 15 less than -15° to -20° F, Freezing does not injure a dry cell, and capacity
which cannot be realized at low temperature will be available when the cells are returned to
normal temperature. Table I summarizes the effect of temperature on dry-cell batteries.

TABLE I

EFFECT OF TEMPERATURE ON DRY-CELL BATTERIES

Temperature

{degrees F)

Capacity
{Based on value at 70° F
taken as 100% capacity)
{percentage)

140
115
100
90
69
48
27
6
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Battery-Life Factors,

The factors govermng battery life are current drain, hours of use per day, and end-point
voltage, Of these three items, the hours of use per day becomes the most critical factor when
the dry battery 1s considered as scurce of power for the TVOR marker, The marker must
transmit continuously. Dry-cell batieries are designed for intermitient operation, and all of
the data furnished by the different dry-cell manufacturers was based on a maximum of s51x
hours discharge followed by four hours recovery time.

Shelf Life.

Dry-cell batteries have a shelf life which depends on several factors, In operational use
a cool dry storage space and a systemized procurement program in operation would be re~
quired i1n order to realize efficient utilhization of these batteries,

The possibility of using mercury=-cell baiteries as a power source was investigated.
The mercury cell 15 umque 1n that the output voltage 1s nearly constant throughout its life cyele,
These batieries will deliver rated voltage at temperatures up to 212° F, however, they have
very poor output characteristics at low temperatures,

It was concluded that the use of nonrechargeable batteries 1s not operationally and
economically practical for this application,
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Wet-Cell Batteries.

The investigation into the characteristics of wet-cell batteries revealed that insofar as
this application 1s concerned there are two major groups

Group 1. The lead-acid cell has a piven ampere-hour rating and 1s capable of hagh-
surge current output,

Group 2. The charge-retaiming battery 1s designed for applications of low current
drain,

From available data, 1t itnmediately became apparent that there are many advantages to
be gained by the use of the Group 2 type of battery as a marker power source. Two distinct
advantages of the charge-retaining type of battery are a low self-discharge rate and a voltage
which 1s practically constant throughout the discharge cycle.

Charge-retaiming bafteries have a self-discharge rate on open circwt of not more than
15 per cent of total capacity per year,

"In a normal lead-acid type battery, the lead grids that hold the active plate material
contain from 6 per cent to 12 per cent antimony., During the charging of the battery,

a small amount of antimmeny dissolves from the positive plate grids and deposits on the
sponge lead of the negative plates where 1t sets up & local electro-chemacal action,



[noTE [
TRANSMITTER {124T7 FIFTH-MODE CRYSTAL) [ | .
3000 T o €
[ L] fesiad ]
N TT e
- < <
g | w & | z
w I o ‘
o L =
22000 ® =
v 5
(-4
b | v R
4 ‘ 71 _|power oureut mwy 1 2
w In | ——
p =T @
2 1000 ”'l r p
= L] =1 =
e g
3 - l {
x . ]
o 1 l I | 1 lg
40 ~20 ) 20 90 60

AMBIENT TEMPERATURE {DEGREES c}

CARm TECHNICAL OE ELOPHENT
AND EVALUSTION CEnTER
INDVARAPOLIS  INDIANS

Fig, 6 Frequency-Drift and Power-Output Variation versus Ambient-Temperature Change

This discharges the battery slowly, All batteries with antimony in the grids will
therefore slowly discharge on standing and will discharge much faster as the
temperature 1s 1ncreased,

The average self-discharge rate at 80° F 1s 0,001 Sp, Gr, per daj,r."2

The charge-retaiming type of battery has grids made of 99,996 per cent pure lead 1n
order to eliminate the local electrochemical action, The charge-retaiming battery delivers
low current over a long period of time at a relatively constant voltage, as shown in Figs. 9
and 10,

For evaluation purposes, two different installations of charge~retaiming batteries were
put 1n operation at Indianapolis markers,

No. 1 Installation,

The marker transmitter at this installation used two 3V4 tubes with power requirements
of 6 volts at 50 ma for filaments and of 90 volts at 16 ma for the plates, Three Willard 2-volt
Type DH-5-1 batteries connected 1n series supplied the filament power, and 42 Willard 2-volt

z"Batter Service Manual," Association of American Battery Manufacturers,
Yy ¥
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Type DA-2~1 batteries provided the plate supply, Figure 10 indicates an expected life cycle
per charge of one year for the filament supply and of ten weeks for the plate supply. This
expeciation was verified at the No, 1 installation,

No. 2 Installation,

The marker transmitter at this installation used a 12AT7 tube and a vibrator-
transformer power supply with a power requrement of 6 volts at 500 ma, Three of the
Willard Type DD-5-3 charge-retaimng batteries were comnected in parallel, These batteries
provided power for eight weeks operation, as expected from the curves of Fig, 10.

The operational experience gained from these two installations indicates that

l. The TVOR-marker power source should preferably consist of three or more Willard
Type DD-5-3 batteries or their equivalent, connected in parallel and used 1n conjunction with
the vibrator-transformer power supply.

2, The No. 1 installation, consisting of 3 batteries for the filarnent and of 42 batteries for
the plate supply, has the disadvantages of being unwieldy and of presepting the problem of
corrosion of the connections between cells, Both of these problems complicate the operational
maintenance of the marker,

34
NOTE
TRANSMITTER (12AT7 FIFTH-MODE CRYSTAL)
-
a
Sz
S
& Ty
5
1 e e WY
x e \
w
210 P
-9
[y
1o
62 80 ) Y 54
DC BATTERY YOLTAGE A BTN, CETER
INDIANAPTILIS INDIANA

Fig, 9 Average Voliage at Various Stages of the Discharge Cycle
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Battery Vault,

The use of the lead~acid type of storage batiery as a power source for the TVOR marker
presents the problem of providing protection to the battery during conditrions of temperature
extremnes. The high temperatures encountered during the summer months result in the rapid
evaporation of the battery liquid, and the subfreezing temperatures of winter introduce the
hazard of battery freezing The solution to this problem consists of housing the batteries in
a vault which 1s placed in the ground and thereby utilizes the temperature-stabilizing effect
of the ground.

The battery vaults installed at the four TVOR marker sites at Indianapolis are made of
concrete and have inside dimensions of 36 inches long, 24 1inches wide, and 36 inches deep.
The vault walls are four inches thick and are completely waterproofed. A top for the vault 1s
constructed of wood and 15 covered with roofing material. The vault 1s buried to a depth of
30 inches, with the remaiming six inches extending above the ground to prevent surface water
from entering the vault,

Fig, 11 Winch in Folded Position on Battery Vault
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In order to facilitate the periodic battery changes, a portable winch was constructed.
This winch can be folded together into a compact form for ease in transportation between the
various marker sites, It is shown in Fig, Il in the folded position on the top of a closed
vault. A battery change involves removing the vault top, extending the winch frame and placing
1t on top of the vault, engaging the hooks in the battery-platform eye bolts, and cranking the
winch handle until the batieries reach the level of the vault top, as shown 1n Fig, 12,

To further insulate the batteries 1n the vault from surface-temperature variations, a
plywocod-and~insulation-board separator 1s lowered into the vault and 1s allowed ta rest on
the iop of the batteries. This separator, tilted to reveal the position of the batteries, 1s shown
in Fig, 13.

A record of the mimimum vault and surface temperatures of the North-East TVOR
marker at Indianapolis for the months of December 1953 through March 1954 15 shown 1n
Fig., 14, These data were obtained by the use of a minimum-temperature thermometer in the
vault and ol data provided by the U. S. Weather Bureau Station at the Indianapolis Weir-Cook

Airport,
ANTENNA

Two different TVOR-marker antenna arrays were developed and evaluated, The first of
these antennas consisted of an array of 8-V type radiating elements designed to produce an
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r-{ pattern of one major lobe directly above the marker. The second antenna array consisted
of 2=V type radiating elements designed to produce an r-f pattern of two major lobes with the
null between the lobes directly above the marker. Identical V-type radiators were used in each
of these arrays, and the r-f pattern differences resulted from the number of elements and the
control of phase and power distribution in each array., Figure 15 shows the details of con-
struction of the V-~type radiating elements used in both arrays. Type RG 58U transrmussion
line was used with each antenna,.

The B-V Antenna Array.

The 8-V antenna array 1s a broadside array designed to produce a single lobe which 15
normal to the axis of the array. A photograph of th1s array 1s shown in Fig, 16. In order to
produce this single-lobe radiation paitern, r-f power 1s fed to the antennas through a power-
distribution network adjusted to produce a binomial current distribution and based on a 10-
element binomial array with the outer pair of antennas omitted, The eight antennas are excited
in phase,

Figure 17 shows the power-distribution network, The relative current distribution
required in the antennas 1s as follows center pair, 126, second pair, 84, thard pair, 36, and
outer pair, 9.

The eight radiators were placed 130° above ground, A 90° height above ground produces
maximum energy overhead, however, 1t was found that the signal lacked ranpe off to the side
of the array, The compromise heipht of 130° was used to increase the signal off to the side of
the array at the expense of a minor reduction in overhead signal, A spacing of 254° between
antenna elements was chosen to provide the sharpest pattern consistent with negligible minor
lobes.

The 2-V Antenna Array.
The 2-V antenna array is designed to produce two major lobes above the array., A
drawing and photograph of this array are shown in Figs, 18 and 19, The two rauiators are fed
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180° out of phase, this phasing being controlled by the lengths of the transmaission line from
the transmatter,

The two antennas are spaced 360° to produce cancellation off the end of the array, The
antenna height 1s 180° above ground, the height required to produce cancellation of the direct
and reflected radiation overhead, This height also produces no additional nulls at any vertical
angle other than 0°. The resultant horizontal-plane pattern from this antenna array is a "four-
leaf-clover' type of pattern with maxima at 30° from the perpendicular, This antenna array
1s very simple to insfall, and to date no maintenance problems have been encountered.

SELECTICN OF TVOR-MARKER SITES

The TVOR-marker site should be located five miles *1/2 mile from the TVOR on a line
drawn from the TVOR through a point 2500 feet extended from the centerline of the runway to
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Fig, 15 V-Anitenna Assembly

be served. The bearing of this line 15 to have a tolerance of #1°, The bearing of the TVOR
approach over the marker should not differ from the served runway bearing by more than 7°.
This 15 necessary to larmmit the change in heading of the aircraft to a maximum of 7° after
breaking out of the overcast.

The site should be approximately 66 feet by 66 feet. This provides more than adequate
space for the martker installation and represents an area of one-tenth acre which facilitates
the leasing of land,

Obstacles such as buildings, trees, and utility lines (30 feet high) 1n proximity to the
marker site should be not less than 250 feet from the antenna, High utility lines w:ll require
correspondingly greater clearance.

FLIGHT-TEST DATA

The first series of flight tests were conducted to determine the relative responses of
different VOR airborne-antenns locations, For these tests, a single V-antenna situated 1/4
wavelength above ground was excited. The radiation pattern of this ground installation con-
sisis of one major lobe directly over the antenna, Passes over this ground installation were
made 1n flght, and field-intensity recordings were made with the use of three different re-
ceiving antennas on the aircraft, The recordings obtained for each of the aircraft antennas
are shown in Figs. 20a, 20b, and 20c. The bottom V-antenna recording most accurately
reproduced the true radiation pattern of the ground antenna, and, when this recording 1s
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Fig, 16 8-V Antenna Array

compared with those of the tail and hatch antennas, 1t can be seen that the radiation patterns
of airborne VOR antennas are greatly distorted directly below the antenna because of the
presence of the aireraft,

8-V Marker,

The first TVOR-marker antenna was designed to place a maximum signal direcily above
the marker in order to provide position indication 1n the aircraft similar to that obtained on the
75-Mc markers, Flight tests were conducted 1n order to record the field=intensity pattern
obta.ined when the three different airborne antennas are used,

The results obtained on this flight test are shown in Figs, 2la, 21b, and 2lc. An ex-
arrination of the recordings reveals that the ground antenna produced the desired radiation
space patiern as shown in the recording obtained with the bottom V airborne antenna. However,
the recordings obtained with the tail and hatch antennas on the airplane show that for the pilot
the marker consisted of a series of maxirnum and minimum signals with the net result that he
was unable to tell exactly which one of the maximum sighals was directly over the marker The
recordings clearly indicate the position of the marker, because 1n each case the major-lobe
signal had a substantially greater amplitude than the minor-lobe sipnals, yet, because of the
logarithmic response of the human ear, at times there was no discernable difference in level
between these lobes, Thus, the 8-V antenna produced a usable TVOR marker, but the actual
position of the marker could not be deterrmined to less than = 0,2 mile,

2-V Marker.

Following the analysis of the 8-V marker flight-test results, it was decided that, because
of the distortion of the vertical-plane pattern of the VOR receiving antenna by the presence of
the aircraft, a more practical approach to the solution of the marker problem would be ta
radiate a field pattern consisting of two major lobes with a null directly over the marker, This
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type of radiation pattern conveys position information by producing 2 zone of no signal above
the marker. The flight-test results, obtained when flights were made over a single V-antenna
on the ground, Fig. 16, reveal that there 15 a seminull below an aircraft VOR receiving antenna
in most normal installations, The 2-V marker antenna, therefore, was designed to alleviate
the effects of the distorted downward pattern of the airborne VOR receiving antenna,

The tests conducted on the 2-V marker antenna consisted of a number of flights over
the TVOR marker to record the field intensity and the audio level obtained waith the different
VOR airborne antennas. These results are shown in Figs. 22a, 22b, and 22¢. Of these three
recordings, Fi1g. 22¢, the recording in which the hatch VOR receiving antenna was used
Probably represents the marker signal that will be received operationally,

Figure 22a illusirates a recording of the field radiated by the TVOR marker, and Fig, 22¢
1llustrates the marker-field recording that will be presented to the pilot, The difference
beiween Figs. 22a and 22c 1s the result of the VOR receiving-antenna field-pattern distortion
due to the placement of the antenna at the hatch location on the alrcraft., This difference
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Fig, 18 Dimensioned Drawing of TVOR-Marker Components

between Figs. 22a and 22c may appear to be so great that it leads one to make the observation
that an aircraft with a VOR receiving antenna in the hatch position could not receive satis-
factory TVOR -marker information, A closer examinaiion of Fig, 22¢c, however, reveals that
as an airplane approaches the TVOR marker the first major lobe 1s undistorted, then the
position directly over the marker 1s marked by a complete null, and, finally, the second lobe
1s distorted. This distortion, which appears quite large on the recording, 15 hardly noticeable
operationally, It 1s reduced by two factors (1) the logarithmic response of the ear does not
indicate as much distortion of the second lobe as appears on the recording, and {(2) the first
lobe 15 undistoried, giving a strong buald-up in audio signal followed by a complete null which
indicates the position over the marker, The fact that the second lobe 1s distorted goes
unnoticed by most pilots because their atiention leavef the marker signal after the null has
been encountered,
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Fig. 19 TVOR-Marker Facility
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Fig, 20 Field-Strength Recording, Flight Over Marker

Further flight tests consisting of radial flights toward the TVOR but passing to the side
of the marker were conducted on the 2-V type marker. Because it was assumed that a pilot
might possibly make a mistake in setting his VOR-receiver ommbearing selector when malang
an approach to a TVOR on an airport or that VOR-receiver bearing errors might exst as in
the case of the less expensive VOR receivers, these flight tests were conducted to evaluate the
effectiveness of the marker as a position-indication device under such conditions.

Figures 23a, 23b, and 23c and Figures 24a, 24b, and 24c illustrate recordings obtained
when radials which were displaced 5° and 10°, respectively, from the radial passing directly
over the marker were flown teward the TVOR. These recordings reveal that the distortion of
the two radiated marker lobes 1s practically eliminated. The length of time that the marker
audio signal is received 1s increased, but the null remains as a definite position indication,
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Fig, 21 Field=-Strength Recording, Flight Over Marker

This was determined to be another advantage of the 2-Y type marker over the B-V type
marker,

The problem of determining the power output required from the marker transmitter for
proper modulation of the TVOR r=f carrier by the heterodyne-beat method was determined
experimentally. Flight tests were conducted by flights over the marker with recordings of the
audio levels of the TYOR voice identification (12,5 per cent peak modulation), the code identi-
fication (7.5 per cent peak modulation), the TVOR-tower voice (35 per cent peak modulation),
and the marker audio level, as the marker-transmitter power output was adjusted through 1,
2,5,10, and 20 milliwatts,

The results of these flight tests indicated that the TVOR~marker power output should
not exceed 1 mw, This power produced 30 per cent peak modulation when the aircraft was
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Fig. 22 Field-Strength Recording, Flight Over Marker

flying over the marker at 1000 feet, Greater power output from the marker results in a weak
audible signal over a large area around the marker,

ANTENNA-COUNTERPOQISE TESTS

Following the flight tests of the 2-V antenne array situated 42 inches above ground, the
Office of Federal Airways provided a standard ILS outer-marker counterpoise for instellation
and evaluation as a TVOR-marker antenna-array counterpoise. The use of the counterpoise
was proposed to eliminate the effects of heavy snow encountered 1n certain parts of the country,
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Fig, 23 Field-Strength Recording, Flight to Side of Marker (TVOR Marker Radial +5°)

This standard counterpoise 1s 20 feet by 20 feet, with the top suriace of the counterpoise
6 feet 6 inches above ground, When the counterpoise installation was completed, see Fig, 25,
a series of flight tests were conducted which consisted of flights over the marker and on a two-
mule-radius circle to obtain field-intensity recordings, These recordings were made on the
TVOR~-marker 2-V antenna array 42 inches above ground, 42 inches above the counterpoise,
and 10 feet above ground. The 10-foot test represents an antenna array of the same height but
without a counterpoise as was the array on the counterpoise, Figure 26 15 a photograph of the
antenna installations at 42 inches and at 10 feet above ground for these comparative tests,

The results of these flight tests are presented in the form of recorder tracings of the
vertical- and horizontal-plane patterns, The recorder tracings, Figs. 27a, 27b, and 27¢, show
that the counterpoise eliminates the nulls which are introduced by the increased antenna height
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Fig. 24 Field-Strength Recording, Flight to Sade of Marker (T VOR Marker Radial +10°)

above ground, however, while the signal strength directly overhead 1s not changed, the width of
the lobe 1s 1ncreased. Figures 28a, 28b, and 28¢ are vertical-plane patterns plotted from the
recordings of Fig. 27a, 27b, and 27c which show no appreciable difference between the array
when 42 inches above ground and when on the counterpoise, The vertical-plane pattern of ihe
antenna array 10 feet above ground does not show the first maximum lobe and the first null
which theoretically exist because of the low field strength radiated from the l,0-mw power of

the marker transmaziter, Figure 29 presents the horizontal-plane patierns of the three antenna
arrays and shows that the field strength in the horizontal plane 1s increased as the antenna
array is raised above ground.

The foregoing results of these flight tests and of numercus other flight observations
rTeveal that the use of a standard ILS ocuter-marker counterpoise would place a definite
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Fig, 25 Antenna Array on Counterpoise

Iimitation on the use of @ TVOR martker., The counterpoise itself 1s entirely satasfactory, but
the increased antenna heighi above ground causes an increase in the field strength of the mamn
lobes of the horizontal-plane pattern (Fig, 24}, In operational use, this results in a weak yet
audible signal over a large area around the marker, This would immediately eliminate the
use of more than two markers in conjunctiton with a TVOR and would require that these two be
on opposite sides of the TVOR, The use of four markers would result in overlapping lobes
and 1n a certain amount of operational confusion,

From a theoretical viewpoint, the solution to the heavy snow problem with the antenna
array one-half wavelength above ground would be to house the antenna array in a shelter
having a steep pitched roof and so constructed that a 24-inch clearance 1s maintained around
the antenna elements. An antenna shelter of this type 15 shown in Fig 30.

SPURIOUS RADIATION

A TVOR-marker transmitter operating on a frequency of 114,4 Mc and employing a
harmonc=-type oscillator at 57.2 Mc precludes any spurious radiation below this frequency.
However, since the oscillator irequency of 57,2 Mc falls 1n Channel 2 of the Federal Communi-
cations Commassion Television Frequency Allocation, 1t was deemed necessary to investigate
the field intensity at thas frequency and,if possible, to reduce i1t to a mimmum value,

Field-intensiiy measurements were conducted by using a Measurements Corporation
field-intensity meter located 100 feet from the antenna and in the center of one of the major
lobes.

The field intensity at 114,4 Mc was 800 microvolts, and at 57.2 Mc 1t was 83 microvolts.
The radiated field at 57.2 Mc was considered excessive, however, by placing a 1/4-wavelength
open-ended stub on the transmaission line, the radiation at 57.2 Mc was reduced to 9.5
macrovolts., The field intensity at 114.4 Mc was unchanged,

gFO 812310 — 2
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TVOR-FREQUENCY MEASUREMENTS

Because of the interdependence of TVOR and marker frequencies, a series of tests was
conducted to measure the magnitude of the frequency shaifts which might be encountered 1n
operational maintenance of the TVOR facility, The frequency measurements were conducted by
recording the audio-beat frequency between the TVOR r-f signal and a General Radio frequency

standard (continucusly calibrated against U. 5, Bureau of Standards transmission from station
WWYV) as the following maintenance operations were conducted on the TVOR

Routane Transmitter Tune-Up.

Condition Frequency deviation
from 114.4 Mc(cps)
Transmitter normal + 2580
Retune of all stages in transmatter + 2550
Repeat of complete tune-up + 2600
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Effect of Detunung Transmitter Stages.

Condition Frequency dewviation
from 114.4 Mc{cps)
Transmitter normal + 2585
{l) Crystal-Plate Gircuit, slug~tuning full in + 2595
Crystal-Plate Circuit, slug-tumng full out + 2260
Crystal-Plate Carcuit, tuned to resonance + 2595

(2) lst multiplier stages detuned
to cause power-amplifier grid to change
from 25 ma to 20 ma
clockwise detuning + 2490
counterclockwise detuning + 2500
tuned to resonance + 2590
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Fig. 29 TVOR-Marker Measured Horizontal-Plane Patterns

Condition Frequency deviation
from 114.4 Mc(eps)

(3) 2nd multiplier stage
(test same as 2)
clockwise detuming + 2495
countercleckwise detuning + 2505
tuned to resonance + 2575
(4) 3d multiplier stage
(test same as 2)

clockwise detuning + 2540
counterclockwise detumng + 2500
tuned to resonance + 2575

(5) Power-amplifier grid
{test same as 2)
clockwise detuning + 2540
counterclockwise detuning + 2550
tuned to resonance + 2575
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Condition Frequency deviation
from 114.4 Mc(cps)

{6) Power-amplifier plate
(Detuned from 200 ma
resonant plate current

to 250 ma)
clockwise detunming + 2525
counterclockwise detuning + 2550
tuned to resonance + 2575

Eiffect of Chanpging Oscillator Tubes.
{All oscillator tubes were made by same manufacturer.)

Condition Frequency deviation
from 114.4 Mc(cps)

No. 1 Oscillator tube, transmitter normal + 2600
No. 2 Oscillator tube, 1nserted 4+ 2000
No, 2 Oscillator tube, 5-minuie warm-up + 2050
No, 2 Oscillator tube, I-hour warm-up + 1940
No. 2 Oscillator tube, 3-hour warm=-up + 1975
No, 1 Oscillator tube, reinserted + 2450
No. 1 Oscillator tube, 10-minute warm-up + 2585
No, 1 Oscillator tube, 3-hour warm-up + 2580
No, 3 Oscillator tube, 5-minute warm-up + 1880
No. 4 Oscillator tube, 5-minute warm-up + 2210
No. 3 Oscillator tube, 5~minute warm-up + 2340
No. 4 Oscillator tube, 5-minute warm-up + 1840
No, 5 Oscillator tube, 5-minute warm-up + 1810
No, 6 Oscillator tube, 5-minute warm-up + 2235
No, 7 Oscillator tube, 5-minute warm-up + 1890
No. 1 Oscillator tube, 5-minute warm-up + 2580
Effect of Changing Crystals.
Condition Frequency deviation

from 114.4 Mc(eps)

No. 1 Crystal + 2580
No, &2 Crystal + 1140
No, 2 Crystal, 1-hour warm-up + 1000
No, 1 Crystal, l1-hour warm-up + 2600

Compensation for Initial or Subsequent TVOR Frequency Deviations,

The grad circwit of the oscillator tube in the Type TUQ TVOR transmitter consists of a
grid-return resistor, a 7-mmf condenser, and a crystal all 1n parailel to the ground,.

In order to determine the magnitude of intentional frequency shift that could be accom-
plished, the 7-mmi condenser was replaced with a 3.6~ to 25-mmf variable condenser,
Frequency measurements were conducted as the variable condenser was adjusted.

Condition Frequency deviation
from 114,4 Mc(cps)

Transmiiter normal + 2580
Variable capacitor installed
Minimum capacity + 120

1/8 capacity + 1050
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Condition Frequency deviation
Irom 114.,4 Mc(cps)

1/3 capacity + 8180
1/2 capacity +10400
3/4 capacity +14000
Full capacity +17500

Thne results of the TVOR frequency-measurement tests reveal that routine TVOR
maintenance activities will have a negligible effect on the interdependent marker audio-beat
frequency and that imitial excursions 1n frequency due to variations in crystals may be
compensated i1n the crystal-oscillator stage of the transmatter,

CONCLUSIONS

The TVOR-marker development was conducted with two major objectives, First, the
marker was to provide reliable and accurate position-indication information. Second, the
marker was to be economical with respect to both the ground installation and the airborne
equpment requred for reception of marker information, Both of these objectives have been
attained,

The position information presented to a pilot using the TVOR marker consists of an
accurate aural null which provides positive indication over the marker.

An ultimate 1n the economy of airborne equipment required to receive TYOR-marker
information has been attained i1n that no separate marker receiwver or antenna 1s requred for
the aircraft. A pilot using a VOR recewver, to make good an approach to a TVOR, hears the
marker audio signal from the same VOR receilver as he passes over the marker.

Fig., 30 TVOR=Marker Installation With Antenna Shelter
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