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A TERMINAL VHF OMNIRANGE Iv!ARKER* 

SUMMARY 

This report presents a techmu. descrlptlon of a termmal VHF omnxange marker de- 
veloped at the Techrucal Development and Evaluation Center of the Cxvll AeronautIts Admmls- 
tratmn. The purpose of the marker 1s to prowde an audtble posltlon mdlcatmn to arcraft on 
designated TVOR approach radmls. 

The marker Incorporates a prmclple of operatmn which requres no marker receiver, 
~znce the marker signals are received on the VOR navlgatmn receiver simultaneously with the 
TVOR signals. It 1s small and InexpensIve. Power for the marker 1s supplled from batteries, 
and, because of the low-current dram, servlcmg IS requred only every SIX weeks 

The data presented m this report are typlcal of those obtamed from the measurements 
of four uruts of equpment now operatmg in conlunctmn with the TVOR at Weir Cook AIrport, 
Indlanapolls, Indlana. 

INTRODUCTION 

Tne operatmnal experience gamed in the use of the very-high-frequency ommrange 
(VOR) system resulted m the convxctmn that there are many advantages to be gamed by placing 
a VOR on an alrport. This led to the development of the termmal VHF ommrange, or TVORl. 
The TVOR offers accurate and reliable guidance for arcraft descendmg under mstrument- 
flight-rule (IFR) cond~tmns to mx,xna that ~111 place each arcraft in a posltlon to land on a 
runway when the pllot establishes vlsw.1 contact with the axport. 

Operatmnal experience gamed in flymg the TVOR as an approach faclllty mrnediately 
revealed the fact that a TVOR marker would greatly facllltate the approach procedure by 
pravldmg a check pomt at whxch the descent to mmxnums could be safely started. 

The use of markers to provide posItIon mdlcatmn m aerial navlgatmn 1s not new. For 
example, the mstrument landmg systems (ILS) Installed throughout the Umted States are aug- 
mented by one or more markers at each mstallatlon. These markers operate on a frequency 
of 75 MC and requre a specml aIrborne receiver and antenna. This type of marker has been 
In operation for a number of years and has proved to be a relxable and accurate posltlon- 
mdlcatmg devzce. Such a marker could be used to augment the TVOR and would pravlde the 
same service m conlunctmn with the TVOR as It does with the ILS. However, a new type of 
marker was developed lnvolvmg a prmczple of operatmn which results m greater economy 
with respect to the ground-mstallatmn and alrcraft-equpment requrements. 

The TVOR marker consxsts of a one- OI two-tube, crystal-controlled, battery-powered 
transmitter wxth an r-f output of one mllllwatt and a sunple two-V type of antenna array. The 
marker 1s located at a slutably located plot of ground approxunately 66 feet by 66 feet. The 
marker transmztter operates on the same frequency as the TVOR, + 2000 cps appraxlmately. 
and the transmitter output consists of keyed CW (contmuous wave) radm-frequency energy. 

In developmg the TVOR marker It was assumed that the arcraft would be equpped with 
a VOR recexver and that no addltmnal equpment would be requred m the arcraft. A pilot m 
an airplane flymg a radml over the marker hears a keyed slgnal of approximately 2000 cps m 
the headphones of the VOR receiver. The audm output IS the result of the beat note derived 
from the marker carrwr signal and from the TVOR carrier srgnal. This elumnates the neces- 
slty for an audio oscillator and a modulator m the marker transmitter. Furthermore, because 
of Its extremely low power, no course dlstortmn of the TVOR 1s apparent when the axcraft IS 
nymg over the marker. 

IS. R. Anderson and T. S. Wonnell, 
Omnlrange.” 

“The Development and Testing of the Termmal VHF 
Techrucal Development Report No. 225, April 1954. 

+Manuscrlpt submltted for publlcatron September 1953 



Fig. 1 TVOR Marker Transmitters and Power Supply 

TRANSMITTER 

R-F Clrcults. 
The two pnmary specz?xatmn requmements for the marker transmitter are that 

It be crystal-controlled and that It consarne a mmmun, of power. These requrements 
dictate the use of an overtone-crystal oscillator clrcult in order to obviate the use of 
frequency-mult1p11catlon stages. 

The TVOR at Ir,dmnapolls Weir Cook Anport operates on a frequency of 114.4 MC. The 
transmtter, therefore, must transmit on a frequency of 114.4 MC * approumately 2000 cps. 
Three different marker transmitters were developed for this purpose. Two of these employ a 
fifth-mode overtone oscillator at 57.2 MC with a doubler output clrclut. They are shown III 
Figs. 1 and 2. The thmd transmxtter conszsts of a sm.&e-tmde tube usmg a mnth-mode 
overtone crystal osclllatmg at a frequency of 114.402 MC. 

The schematic dmgrams of these three transmitters are shown in Figs. 3. 4, and 5. Of 
these three, the best transmitter from the standpomts of stablllty and rellablllty 1s the one 
employing the 12AT7 tube and shown I,, Fig. 4. 

Laboratory tests were conducted on these transmitters to determme the effects of 
temperature and the varmtmns of battery voltage. The data obtamed from the tests conducted 



Fig. 2 Bottom View of Types 2 and 1 Transmitters 

On a transmitter whzch used a fifth-mode overtone crystal and a Type 12AT7 tube are presented 
in Fogs. 6, 7, and 8. Figure 6 1s a dual graph of output and audm-beat-frequency varmtmns 
durmg temperature tests. The temperatures ranged from -25’ to t55’ C. 

The transmitter keymg rate was also observed durmg these temperature tests. It varied 
from 2.9 to 5 transmlssmns per second. Flgure 7 1s a graph of the audm-beat frequency 
versus the battery voltage. 
charge-to-discharge cycle. 

Thm graph mdlcates the frequency stablllty throughout the battery 
Figure 8 shows the transmitter power-output varlatmn with change 

I= battery voltage. 
The development of a keyer for the TVOR marker resulted m the use of a relaxation 

oscillator which perIodIcally bmses the crystal oscillator to the point of cut-off. The keymg 
clrcut 1s shown in Fig. 4. 

Power Source. 
The speafxatmns for the marker requred a battery power source of sufhclent capacity 

to provxde 6 volts for tube filaments and approxmmtely 90 volts for the keyer and the plate 
clrcmt and to operate the transmitter for a period of not less than SLY weeks. The high volt- 
ages may be produced by the connectmn of battery cells in serxs or by the use of a low-voltage 
source and a vibrator-transformer type of power supply. Several schemes were mvestlgated. 

Dry-Cell Batteries. 
Effect of Temperature. 

In dry-cell batteries, chemical reactmns are accelerated by an mcrease m temperature. 
In the dry cell, a temperature rise Increases both the useful current-producmg reactlon and 
the parasltw local reaction durmg Idle periods. The net effect on the total capacity dellvered 
~111 depend on the balance between these two forces and ~111 be different for various designs 
of cells. As the temperature decreases, the actlvlty of the cell IS lowered until fmally the cell 



1s unable to mamtam a useful voltage whrle dekvermg current. The lowest temperature lmut 
of use “111 depend on the cell formula, the cell s1z.e In relatmn to the dram of current, and the 
frequency of use. In general, dry cells ~111 not furmsh useful current when the actual cell 
temperature 1s less than -15’ to -20’ F. Freezmg does not inlure a dry cell, and capacity 
which cannot be realmed at low temperature ~11 be avaIlable when the cells are returned to 
normal temperature. Table I summarmes the effect of temperature on dry-cell batteries. 

TABLE I 

EFFECT OF TEMPERATURE ON DRY-CELL BATTERIES 

Temperature 

(degrees F) 

100 
80 
70 
60 
40 
20 

0 
-20 

capaaty 
(Based on value at 70” F 
taken as 100 % capacity) 

(percentage) 

140 
115 
100 

z,” 
48 
27 

6 



Fig. 4 Type 1 Transmitter (Electrlcal Schematic) 

Battery-Life Factors. 
The factors govermng battery life are current dram, hours of use per day, and end-pant 

voltage. Of these three Items, the hours of use per day becomes the most critical factor when 
the dry battery IS consldered as source of power for the TVOR marker. The marker must 
transmit contmuously. Dry-cell batteries are deslgned for lnterrmttent operatmn, and all of 
the data furrushed by the dlfferent dry-cell manufacturers was based on a mexlmum Of su( 
hours discharge followed by four hours recovery tune. 

Shelf Life. 
Dry-cell batteries have a shelf life whxch depends on several factors, In operatmnal use 

a cool dry storage space and a systemleed procurement program xn operatmn would be re- 
qured m order to realize efficient ut&zatvan of these batteries. 

The posslblllty of using mercury-cell betterres as a power source was mvestlgated. 
The mercury cell 1s uuque in that the output voltage 1s nearly constant throughout Its life cycle. 
These batteries “111 deliver rated voltage at temperatures up to 212’ F, however, they have 
very poor output characterxstxs at low temperatures. 

It was concluded that the use of nonrechargeable batteries 1s not operationally and 
econonucally practical for tlus application. 



Fig. 5 Type 3 Transmitter (Electrical Schematic) 

Wet-Cell Batteries. 
The nwestxgatlon ~nta the characterlstrcs of wet-cell batterzes revealed that Insofar as 

this dppllcatron 1s concerned there are tvro ma,or groups 

Group 1. The lead-aad cell has a grven ampere-hour rating and IS capable of hqh- 
surge current output. 

Group 2. The charge-retanung battery IS deslgned for applxatlons of low current 
dram. 

From available data, It mnnedmtely became apparent that there are many advantages to 
be galned by the use of the Group 2 type of battery as a marker power source. Two dlstmct 
advantages of the charge-retauung type of battery are a low self-discharge rate and a voltage 
which 1s prrrctzcally constant throughout the discharge cycle. 

Charge-retanung batteries have a self-discharge rate on open clrcut of not more than 
15 per cent of total capacity per year. 

“In a normal lead-acld type battery, the lead gnds that hold the active plate materlal 
contar, from 6 per cent to 12 per cent antnnony. Dunng the charging of the battery, 
a small amount of antnnony dissolves from the posltlve plate grids and deposxts on the 
sponge lead of the negative plates where It sets up a local electro-chemical a&on. 



Fig. 6 Frequency-Drift and PowepOutput Varmtmn versus Amblent-Temperature Change 

This discharges the battery slowly. All batteries with antxnony in the grids ~111 
therefore slowly discharge an standmg and ~111 discharge much faster as the 
temperature 1s Increased. 

The average self-dlscharge rate at 80” F 1s 0.001 Sp. Gr. per day.” 
2 

The charge-retauung type of battery has grids made of 99.996 per cent pure lead m 
order to ekmmate the local electrochemxal actmn. The charge-retammg battery delivers 
low current over a long period of tune at a relatively constant voltage, as shown m Figs. 9 
and 10. 

For evaluatmn purposes, two different mstallatmns of charge-retauung batteries were 
put in operatmn at Indranapolls markers. 

No. 1 Installatmn. 
The marker transnutter at this mstallatmn used two 3V4 tubes with power reqlurements 

of 6 volts at 50 ma for filaments and of 90 volts at 16 ma for the plates. Three Willard Z-volt 
Type DH-5-1 batteries corrected m series supplIed the filament power, and 42 Wxllard 2-volt 

2”Battery Service Manual, I( Assoclatmn of Amerxan Battery Manufacturers. 

Fig. 7 Audm Beat Frequency versus Battery Voltage 



Fig. 8 Power Output versus Battery Voltage 

Type DA-Z-1 batierles provided the plate supply. Flgure 10 mdxates an expected Me cycle 
per charge of one year for the filament supply and of ten weeks for the plate supply. This 
expectation was verified at the No. 1 mstallatmn. 

No. 2 lnstallatmn. 
The marker transmtter at tbls mstallatmn used a 12AT7 tube and a vibrator- 

transformer power supply with a power requrement of 6 volts at 500 ma. Three of the 
Wflard Type DD-5-3 charge-retammg batteries were connected 1x1 parallel These batterres 
provided power for erght weeks operatmn, as expected from the curves of Fig. 10. 

The operational experience gamed from these two mstallatrons uuJxates that 

1. The TVOR-marker power source should preferably consist of three or more Willard 
Type DD-5-3 batierles or their eqluvalent, connected m parallel and used m conJU”ction With 
the nbrator-transformer power supply. 

2. The No. 1 mstallatmn, consisting of 3 batteries for the filament and of 42 batteries for 
the plate supply, has the disadvantages of bang unwieldy and of presenting the problem Of 
corrosmn of the connectmns between cells. Both of these problems compkcate the operational 
mamtemnce of the marker. 

Fxg. 9 Average Voltage at Various Stages of the Dischsrge Cycle 
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Fig. 10 Battery-Selector Chart, Charge-Retwung Batterws 

Battery Vault. 
The use of the lead-acld type of storage battery as a power source for the TVOR marker 

presents the problem of provxbng protection to the battery durmg condltmns of temperature 
extremes. The high temperatures encountered durmg the sununer months result I= the rapld 
evaporation of the battery hqud. and the subfreezmg temperatures of wrnter mtroduce the 
hazard of battery freezing The solution to thxs problem consists of housmg the batteries m 
a vault which 1s placed in the ground and thereby utallzes the temperature-stabllmmg effect 
of the ground. 

The battery vaults installed at the four TVOR marker sites at Indw.napolls are made of 
concrete and have made dunensmns of 36 Inches long, 24 Inches wide, and 36 Inches deep. 
The vault walls are four Inches tick and are completely waterproofed. A top for the vault 1s 
constructed of wood and 1s covered with roofing material. The vault 1s burled to a depth of 
30 Inches, wrtb the remainmg SIX Inches extendmg above the ground to prevent surface water 
from entermg the vault. 

Fig. 11 Winch m Folded Positron on Battery Vault 



Fig. 12 Battery-Vault Wmch Operatmn 

In order to facllltate the perlodx battery changes, a portable wmch was constructed. 
This wmch can be folded together Into a compact form for ease xn transportation between the 
varmus marker sites, It 15 shown m Fig. 11 m the folded pasitmn on the top of a closed 
vault. A battery change mvolves removing the vault top, extendmg the wmch frame and placing 
It on top of the vault, engagmg the hooks in the battery-platform eye bolts, and cran!ang the 
w~ncb handle until the batteries reach the level of the vault top. as shown III Fq,. 12. 

To further Insulate the batteries ln the vault from surface-temperature varmtmns, a 
plyuood-and-lnsulatlon-board separator IB lowered u,to the vault and 1s allowed to rest on 
the top of the batteries. 
I= Fq+ 13. 

This separator, tilted to reveal the posltmn of the battcrles, 1s shown 

A record of the muxnurn vault and surface temperatures of the North-East TVOR 
marker at IndIanapolls for the months of December 1953 through March 1954 IS shown in 
Fig. 14. These data were obtamed by the use of a mmunum-temperature thermometer m the 
vault and 01 data provided by the U. S. Weather Bureau Statmn at the Indxanapolls 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 radlatmg elements deslgned to produce an 



Fig. 13 Battery Vault Opened 

r-f pattern of one malor lobe directly above the marker. The second antenna array consrsted 
of 2-V type radlatmg elements deslgned to produce an r-f pattern of two melor lobes with the 
null between the lobes directly above the marker. Identical V-type radmtors were used m each 
of these arrays, and the r-f pattern drfferences resulted from the number of elements and the 
control of phase and power dlstrlbutlon m each array. Figure 15 shows the details of con- 
struction of the V-type radlatmg elements used rn both arrays. Type RG 5gU transrmsslon 
lme was used with each antenna. 

The B-V Antenna Array. 
The 8-V antenna array 1s a broadside array deslgned to produce B smgle lobe which 1s 

normal to the axis of the array. A photograph of tlus array 1s shown m Fig. 16. In order to 
produce this angle-lobe radlatmn pattern, r-f power is fed to the antennas through a power- 
drstrlbutlon network adjusted to produce a bmomxal current dlstrlbutron and based on a lo- 
element bmonual array with the outer par of antennas omltted. The eight antennas are excited 
In phase. 

Figure 17 shows the power-dlstrlbutron network. The relative current dlstrlbutmn 
requxed m the antennas 1s as follows center pam, 126. second par, 84. third par, 36, and 
outer par, 9. 

The eight radiators were placed 130’ above ground. A 90’ height above ground produces 
maximum energy overhead, however, It was found that the srgnal lacked range off to the side 
of the array. The comnromse heleht of 130’ was used to mcrease the slenal off to the srde of 
the array ai~the enpensk of a mmo; reduction zn overhead signal. A spa&g of 254’ between 
antenna elements was chosen to provide the sharpest pattern consistent with negllglble mmor 
lobes. 

The 2-V Antenna Array. 
The 2-V antenna array 1s deslgned to produce two major lobes above the array. A 

drawmg and photograph of this array are shown m Figs. 16 and 19. The two raulators are fed 



Fig. 14 Ground-Surface Temperature versus Battery-Vault Temperature 

180” out of phase, this phasmg bang controlled by the lengths of the transmission lme from 
the transmitter. 

The two antennas are spaced 360” to produce cancellation off the end of the array. The 
antenna height 1s 180” above ground, the hexght required to produce cancellatron of the direct 
and reflected radmtion overhead. This height also produces no additmnal nulls at any vertxal 
angle other than 0”. The resultant horzontal-plane pattern from this antenna array 1s a “four- 
leaf-clover” type of pattern with maxIma at 30’ from the perpendrcular. This antenna array 
1s very ample to install, and to date no mamtenance problems have been encountered. 

SELECTION OF TVOR-MARKER SITES 

The TVOR-marker ate should be located five miles *l/2 mile from the TVOR on a lme 
drawn from the TVOR through a pant 2500 feet extended from the centerlme of the runway to 
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Fig. 15 V-Antenna Assembly 

be served. The bearmg of ttis line 1s to have a tolerance of +l”. The bearrng of We TVOR 
approach over the marker should not &ffer from the served runway bearmg by more than 7’. 
Thus 1s necessary to llmlt the change m headmg of the arcraft to a mexlmum of 7’ after 
breakmg out of the overcast. 

The sate should be approximately 66 feet by 66 feet. This provides more than adequate 
space for the marker mstallatlon and represents an area of one-tenth acre whxh iacllltates 
the leasmg of land. 

Obstacles such as buildmgs, trees, and uthty lmes (30 feet high) In proxlmlty to the 
marker site should be not less than 250 feet from the antenna. Hugh utility lmes ~111 reoure 
correspondingly greater clearance. 

FLIGHT-TEST DATA 

The first series of flight tests were conducted to determme the relatve responses of 
dxfferent VOR aIrborne-antenna locations. For these tests, a angle V-antenna situated l/4 
wavelength above ground was excited. The radiatmn pattern of tb~s ground Installation con- 
slsts of one maJar lobe directly over the antenna. Passes over tbls ground mstallatlon were 
made In fhght, and field-mtenslty recordrngs were made wltb the use of three different re- 
celvmg antennas on the aircraft. The recordmgs obtamed for each of the aircraft antennas 
are shown m Figs. 204 ZOb, and 20~. The bottom V-antenna recordrng most accurately 
reproduced the true ratiation pattern of the ground antenna, and. when this recordmg 1s 
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Fig. 16 8-V Antenna Array 

compared with those of the tall and hatch antennas, It can be seen that the radiation patterns 
of urborne VOR antennas are greatly dlstorted directly below the antenna because of the 
presence of the farcraft. 

8-V Marker. 
The first TVOR-marker antenna was deslgned to place a maximum signal directly above 

the marker in order to provide posItIon lndlcatmn in the arcraft sxr~llar to that obtalned on the 
75-MC markers. Flight tests were conducted in order to record the field-lntenslty pattern 
obta.ned when the three dzfferent axborne antennas are used. 

The results obtamed on this flqht test are shown III Figs. Zla, Zlb, and 21~. An ex- 
an-u,atux, of the recordmgs reveals that the ground antenna produced the desired radmtmn 
space pattern as shown in the recordmg obtained with the bottom V axborne antenna. However, 
thrs recordings obtaned with the tall and hatch antennas on the axplane show that for the pllot 
the marker conslsted of a series of ma~rnurn and muumum sqq-als with the net result that he 
was unable to tell exactly whrch one of the maximum signals was directly over the marker The 
recordmgs clearly mdlcate the posltmn of the marker, because II, each case the major-lobe 
signal had a substantially greater amplitude than the munor-lobe signals, yet. because of the 
logarlthmx response of the human ear, at times there was no dlscernable difference III level 
between these lobes. Thus, the 8-V antenna produced a usable TVOR marker, but the actual 
posltlon of the marker could not be determIned to less than * 0.2 mile. 

2-V Marker. 
Fallowr,g the analysts of the 8-V marker flight-test results, It was declded that, because 

of the dlstortux, of the vertical-plane pattern of the VOR recelvu,g antenna by the presence of 
the arcraft, a more practical approach to the solutmn of the marker problem would be td 
radiate a field pattern conextr,g of two ma,or lobes with a null directly over the marker. This 
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Fig. 17 Power-Lhstrlbutmn Network. 8-V Antenna Array 

type of radmtmn pattern conveys poshx, x,form&on by producrng a zone of no signal above 
the marker. The fLlght-test results, obtalned when fhghts were made over a sr&e V-antenna 
on the ground, Fig. 16, reveal that there 16 a semxmll below an arcraft VOR recelvlng antenna 
m most normal mstallatrons. The 2-V marker antenna, therefore, was deslgned to allevmte 
the effects of the dlstorted downward pattern of the alrborne VOR receiving antenna. 

The tests conducted on the 2-V marker antenna coralsted of a number of flights over 
the TVOR marker to record the field u-,tensrty and the audm level obtamed with the different 
VOR alrborne antennas. These results are shown m Figs. 22a. Z2b. and 22~. Of these three 
recordings, Fig. 22~. the recordq I,, which the hatch VOR recelwng antenna was used 
probably represents the marker signal that wall1 be received operatmnally. 

Figure 22a illustrates a recording of the held radmted by the TVOR marker, and Fq. 22~ 
Illustrates the marker-field recordrng that ~111 be presented to the pllot. The &fference 
between Fqs. 22a and 22~ IS the result of the VOR recewmg-antenna field-pattern dIstortIon 
due to the placement of the antenna at the hatch locatmn on the aircraft. Tlus dafference 
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Fq. 18 Dmnensmned Drawmg of TVOR-Marker Components 

between Figs. 22a and 22c may appear to be so great that xt leads one to make the observatmn 
that an amcraft with a VOR recelvmg antenna an the hatch posltmn could not receive satls- 
factory TVOR-marker mformatmn. A closer exarrunatmn of Fq. 22c, however, reveals that 
as an auplane approaches the TVOR marker the first major lobe 1s undistorted, then the 
posltmn directly over the marker IS marked by a complete null, and, finally, the second lobe 
1s dlstorted. Tlus dlstortmn, wixch appears qrute large on the recordmg, 1s hardly notxeable 
operatmnally. It 1s reduced by two factors (1) the 1ogarSxnx response of the ear does not 
mclrcate as much dIstortion of the second lobe as appears on the recordmg, and (2) the first 
lobe 1s undxtorted, glvmg a strong bmld-up In audm slgnal followed by a complete null whxch 
mdxates the posltmn over the marker. The fact that the second lobe 1s dlstorted goes 
unnoticed by most pilots because therr attention leaveI the marker svgnal after the null has 
been encountered. 

Fig. 19 TVOR-Marker Facility 



Fig. 20 Field-Strength Recording, Flight Over Marker 

Further tight 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 pllot 

mqht possibly make a nustake in setting his VOR-receiver ommbearmg selector when making 
an approach to a TVOR cm an airport or that VOR-receiver bearing errors might enst as m 
the case of the less expensive VOR receivers. these f!Aght tests were conducted to evaluate the 
effectiveness of the marker as a position-indication device under such conditions. 

Figures 23a, 23b, and 23~ and Figures 24a, 24b, and UC illustrate recordings obtaLned 
when radials which were displaced 5’ and 10’. respectively, from the radial passing directly 
over the marker were flown towsrd the TVOR. These recordings reveal that the d~stortmn 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 



Fig. 21 Field-Strength Recordmg, Fhght Over Marker 

Thxs was determined to he another advantage of the Z-V type marker over the 8-V type 
marker. 

The problem of determining the power output required from the marker transmitter for 
proper modulatmn of the TVOR r-f carrier by the heterodyne-beat method was determined 
experimentally. Flight tests were conducted by fights over the marker with recordings of the 
au310 levels of the TVOR voice identicstion (12.5 per cent peak modulation), the code identi- 
ficatmn (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 fUght tests indicated that the TVOR-marker power output should 
not exceed 1 mw. Tlus power produced 30 per cent peak modulatmn when the aircraft wa8 



Fxg. 22 Field-Strength Recor&ng. Flight Over Marker 

flpng over the marker at 1000 feet. Greater power output from the marker results in e. weak 
audible sxgnal over a large area around the marker. 

ANTENNA-COUNTERPOISE TESTS 

Followmg the fight tests of the 2-V antenna array situated 42 mches above ground. the 
Office of Federal Airways provrded a standard ILS outer-marker counterpoise for installation 
and evaluation as a TVOR-marker antenna-array counterpoise. The use of the counterpoIse 
was proposed to ehminate the effects of heavy snow encountered IP certam parts of the country. 



Fig. 23 Field-Strength Recording, Flight to Side of Marker (TVOR Marker Radial t5’) 

This standard counterpmse 18 20 feet by 20 feet, v&h the tap surface of the counterpoise 
6 feet 6 Inches above ground, When the counterpoise mstallatmn was completed, see Fig. 25, 
a series of flight tests were conducted which consisted of flights over the marker and on a two- 
mule-m&us circle to obiam field-mtensity recordings. These recordmgs were made on the 
TVOR-marker 2-V antenna array 42 Inches above ground, 42 Inches above the counbrpoise, 
and 10 feet above ground. The lo-foot test represents an antenna array of the same height but 
WIthout a counterpoise a.s was the array on the counterpoise. Figure 26 16 a photograph of the 
antenna installations at 42 inches and at 10 feet above ground for these comparative tests. 

The results of these fflght tests are presented III the form of recorder tracings of the 
vertical- and horizontal-plane patterns. The recorder tracmgs, Figs. 27a. 27b, and 27~. show 
that the counterpoise eliminates the nulls which exe introduced by the mcreased antenna height 



Fig. 24 Field-Strength Recording. Flight to Side of Marker (TVOR Marker Radial t10’) 

above ground, however, while the sqq.rJ strength directly overhead 1s not changed, the width of 
the lobe 1s mcreased. Figures 288, 28b, and 28~ are vertical-plane patterns plotted from the 
recordmgs of Fig. 27a. 27b, and 27~ which show PO appreciable difference between the array 
when 42 Inches above ground and when on the counterpoise. The vertical-plane pattern of the 
antenna array 10 feet above ground does not show the first maximum lobe and the first qull 
whxh theoretically eust because of the low field strength rachated from the I.O-mwpower of 
the marker transrmtter. Figure 29 presents the hormontal-plane patterns of the three antenna 
arrays and shows that the field strength In the horraontal plane is Increased as the antenna 
array 1s raised above ground. 

The foregoing results of these fight tests and of numerous other flight observations 
reveal that the use of a standard US outer-marker counterpolse would place a defirate 
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Fig, 25 Antenna Array on CounterpoIse 

lxmtation on the use of a TVOR marker. The counterpoise Itself 1s entirely satisfactory, but 
the mcreased antenna helghr above ground causes an Increase 1x1 the field strength of the mam 
lobes of the horleonttal-plane pattern (Fig. 24). In operational use, this results m a weak yet 
audible signal over a large area around the marker. This would rmne&ately ellmmate the 
use of more than two markers m conjunctmn v&h a TVOR and would requre that these two be 
on opposite sides of the TVOR. The use of four markers would result m overlappmg lobes 
and ln a certam amount of operatmnal confusmn. 

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

SPURIOUS RADIATION 

A TVOR-marker transmitter operatIn on a frequency of 114.4 MC and emplorng a 
harmoruc-type oscillator at 57.2 MC precludes any spurmus radlatmn below this frequency. 
However, smce the osczllator frequency of 57.2 Mc falls In Channel 2 of the Federal Cammuru- 
catmns Commlssmn Television Frequency Allocatmn, It was deemed necessary to rnvestlgate 
the held mtenslty at thx frequency and,lf possible, to reduce It to a mmunum value. 

Field-mtenszty measurements were conducted by usmg a Measurements Corporation 
field-mtensity meter located 100 feet from the antenna and m the center of one of the mayor 
lobes. 

The field mtenslty at 114.4 Mc was 800 microvolts. and at 57.2 MC It was 83 nucrovolts. 
The radiated field at 57.2 MC was consldered excessive, however, by placing a l/4-wavelength 
open-ended stub on the transrmssmn line, the radiation at 57.2 MC was reduced to 9.5 
mlcrovolts. The field intensity at 114.4 MC was unchanged. 



Fig. 26 Test Antenna Arrays 

TVOR-FREQUENCY MEASUREMENTS 

Because of the Interdependence of TVOR and marker irequencles, a series of tests Was 
conducted to measure the magmtude of the frequency shifts which might be encountered m 
operatmnal mamtenance of the TVOR faclhty. The frequency measurements were conducted by 
recordmg the au&o-beat frequency between the TVOR r-f sIgna and a General Radm frequency 
standard (contuuously calibrated against U. S. Bureau of Standards transmlsslon from station 
WWV) as the iollawmg mamtenance operatmns were conducted on the TVOR 

Routine Transmitter Tune-Up. 

Conddltion Frequency devlatlon 
from 114.4 Mc(cps) 

Transmitter normal + 2580 
Retune of all stages m transnutter + 2550 
Repeat of complete tune-up + 2600 
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Fig. 28 TVOR-Marker Vertical-Plane Pattern 

Effect of DetunngTransmitter Stages. 

Conditmn Frequency denatron 
from 114.4 Mc(cps) 

Transnutter normal + 2585 

(1) 

(2) 

Crystal-Plate circuit. slug-tumlg full in 
Crystal-Plate Circuit, slug-tunlng full out 
Crystal-Plate Circuit, tuned to resonance 
1st multiplier stages detuned 
to cause povmr-amphfmr grid to change 
from 25 ma to 20 IM 

clockwise detunhg 
counterclochvzse detuning 
tuned to resonance 

+ 2595 
+ 2260 
+ 2595 

+ 2490 
+ 2500 
+ 2590 
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Fig. 29 TVOR-Marker Measured Horlaontal-Plane Patterns 

COdltlOIl 

(3) 2nd multiplier stage 
(test same as 2) 

clockwise deturung 
counterclockwise detunmg 
tuned to resonance 

(4) 3d muhpher stage 
(test same as 2) 

clockwise detunrng 
counterclockwise detuung 
tuned to resonance 

(5) Power-amphfier grid 
(test Bame as 2) 

clockwise detuung 
counterclockwise detumng 
tuned to resonance 

Frequency devwhon 
from 114.4 Mc(cps) 

t 2495 
+ 2505 
+ 2575 

t 2540 
t 2500 
+ 2575 

+ 2540 
t 2550 
t 2575 
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Condztlon Frequency devmtmn 
from 114.4 Mc(cps) 

(6) Power-ampllfvx plate 
(Detuned from 200 ma 
resonant plate current 
to 250 ma) 

clockvase detumng 
counterclockwise detunmg 
tuned to resonance 

+ 2525 
+ 2550 
+ 2575 

Effect of Changmg Oscillator Tubes. 
(All asallator tubes were made by same manufacturer.) 

Condxtmn Frequency devlatmn 
from 114.4 Mc(cps) 

No. I Oscillator tube, transmtier normal + 2600 

No. 2 Oscillator tube, mserted + 2000 

No. 2 Oscillator tube, 5-mnute warm-up + 2050 

No. 2 Osallatar tube, I-hour warm-up t 1940 

No. 2 Oscillator tube, 3-hour warm-up + 1975 

No. 1 Osallator tube, remserted + 2450 

No. 1 Oscillator tube, lo-mmute warm-up + 2585 

No. 1 Oscillator tube, 3-hour warm-up + 2580 

No. 3 Oscillator tube, 5-minute warm-up . + 1680 

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-nunute warm-up + 2235 

No. 7 Osallator tube, 5-minute warm-up + 1890 

No. 1 Osallator tube, 5-minute warm-up + 2580 

Effect of Changing Crystals. 

Condltaan Frequency devlatlon 
from 114.4 Mc(cps) 

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

Compensation for lnltlal or Subsequent TVOR Frequency Devlatmns. 

The grid arcrut of the osallator tube in the Type TUQ TVOR transmitter consists 0: a 
grid-return reszstor, a 7-mmf condenser, and a crystal all 11, parallel to the ground. 

In order to deter-m? the magmtude of lntenttlonal frequency shift that could be a==om- 
phshed, the 7-mmf condenser .,,a~ replaced with a 3.6- to 25-mmf variable condenser. 
Frequency measurements were conducted as the varmble condenser was adlusted. 

condlt1on Frequency devlatlon 
from 114.4 Mc(cps) 

Transmitter normal 
Variable capacitor installed 

Mnumum capaaty 
l/8 capacity 

+ 2580 

+ 120 
+ 1050 
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Condltlon Frequency devlatmn 
from 114.4 Mc( cps) 

l/3 capaaty 
l/2 capaaty 
3/4 capaaty 
Full capaaty 

+ 8180 
t10400 
t14000 
t17500 

The results of the TVOR frequency-measurement tests reveal that routine TVOR 
maintenance activltles will have a negllglble effect on the interdependent marker audm-beat 
frequency and that nutlal excursmns in frequency due to varmtmns In crystals may be 
compensated m the crystal-oscillator stage of the transmrtter. 

CONCLUSIONS 

The TVOR-marker development was conducted with two ma,or ob,ectlves. First, the 
marker was to provide r&able and accurate posltmn-mdxatmn mformatmn. Second, the 
marker was to be economlcal with respect to both the ground lnstallatlon and the alrborne 
E;tt;;yt reqrured for reception of marker x&rmatmn. Both of these objectives have been 

. 
The posItion mfarmatlon presented to a pllot usxng the TVOR marker consists of an 

accurate aural null whxch provides posltlve lndxatmn over the marker. 
An ultimate in the economy of alrborne eqlupment reqwred to receive TVOR-marker 

lnformatlon has been attamed m that no separate marker receiver or antenna IS reqrvred for 
the arcraft. A pIlot using a VOR retaver, to make good an approach to a TVOR, hears the 
marker audio slgnal from the same VOR receiver as he passes over the marker. 

Fig. 30 TVOR-Marker Installatmn With Antenna Shelter 


