
CIVlL AERONAUTICS AUTHORITY 

Te&mcal Development Report No 5 

THEDEVELOPMENTOFFAN-TYPEULTRA- 
HIGH-FREQUENCY RADIO MARKERS AS A 
TRAFFIC CONTROL AND LET-DOWN AID 

By HENRY I METZ 

Radio Development Secrmn 

JANUARY 1938 

UNTIED STATES GOVERNMENT PRINTING OPPICE 

WASHINGTON 1941 



CONTENTS 
Pass 



I 

I 

.a The Development of Fan-Type Ultra-High-Frequency Radio Markers as a 
Traffic-Control and Let-Down hd 

I 
SUMMARY 

The development of “Fan’‘-type ultra-high- 
frequency radio markers by the Bureau of Au 
Commerce for us8 along the au-ways aa an 
ald to navlgatmn and for utlluatlon m traffic 
contml started 1~ the fall of 1986 mth the 
mstsllatlon of an espenmental trans&tter and 
antanna at the ate of the Washmgton radio 
rsnge statlou A second experimental u&alla- 
tlon was made at the site of the Bow, Md , 
h&t beacon m October of the Qume year This 

Z- and fan-type markers 

beacon 1s located on the northeast leg of the 
Washmgton rsdlo nmge and at a distance of 
17 rules from the range statlon and the Wash- 
mgton alrport, m&c&d on the alrmay chart 
as Site 57-B (See fig 1) Fhght tests mere 
conducted over these markers and the charac- 
ter&u of the patterns were obserxd and K- 

Lorded On the bssls of the results obtamed, 
EL contract has been let for the purchase of a 
quantity of these markers for m&lb&on at 
various pomts throughout the country The 
marker equpments bang purchased rmll hare 
dual transmlttars capable of automatically 
transferrmg to stand-by posltlon in ca,w of fall- 
ure of the regnlar transmitter, and a specml 
type of antenna and counterpow designed to 
reduce the detunmg effects of changmg weather 
condltlons such as ram, we, and snow 

INTRODUCI’ION 

With the advent of scheduled alrlme opera- 
non, partxularly mlth the adoptlon of the 
present tra5c control sjstem 1 by the Bureau of 
An Commerce, there came the need for a posl- 
twe meam of accumtely checkmg the posItIon 
of aircraft when flyulg by instrument along 
the amways The fimt and the most obvloos 
method of determnnng poatlon adopted by the 
mrhnes was that of 1ocRtlng the mtemectlons 
of n&o range beams A pltrtuxlar example 
at thm 1s encountered m flights between Pltts 
butgh and WVnshmgton, 111 mhlch pilots 
udculate them expected tune of arrral at 
Washmgton from the time nt whxh they pass 
the pomt where the south leg of the Hamsburg 
radio range intersects their co- The south 
leg of this range lntersectr the co- m the 
mcm~ of Sugar Loaf Monntam Smnlitr m- 
tersectlons exist between other m&o range 
cou- throughout the country. and am plotted 
on the aemnautmal charts, provldmg many 
“check pcunts” or “Jixes” for pilots flymg by 
1nstment 

In SODE lo&Ions where adequate check 
points were not aradable through mtenectlons 
of range courses, the Bureau has established 
facllltles mdmectly provldmg this service In 
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some cases these facilities consist of lower 
power radio range stations 2 located along the 
course of the main range shtions. These me- 
dium power range stations arc ured to fill in 
between the courses of the large terminal 
ranges Tchich may become too weak or too wide 
because of clistancr, or where conditions exist 
which make :IcculXte flying especially essential. 
However, their signals provide a means of 
checking position as well. In locations where 
the additional range SignidS are no1 required, 
lowpowered long-wave transmitters have been 
installed to produce a nondirectional marker 
signal. These were termed “Class A Mark- 
ers” 2 (now Class n/I), and are receivable on the 
same equipment used to receive the main radio 
range signals. Numerous experiments were 
conducted to determine optimum modulation 
frequency, power, and keying intervals for 
these markers, and their use as a warning of 
obstructions was tl~oroughly in\.rstigatcd.” All 
such l~li1~kCTS operate on the sanle frequency ilS 
the range StilliOIl 011 whose course they are 
located. Their signals are received by the pilot 
as an interference On the range signal without, 
need for returning his range rcceircr. Pro- 
vision is also made at, these marker shations for 
radio telephonic transmission to aircraft on a 
common frequency of 278 kc., tlie latter reply- 
ing on high frequency. 

As air-line traffic increased, lnally disadvan- 
tages became evident in the use of long waves 
for marking purposes. Generally where range’ 
course intersections are nsecl, the accuracy of 
t,he fix is not very great due to the progres- 
sive widening of courses with distance. l?urt11- 
ermore, constant retuning to the frequency of 
the intersecting range is necessary unless dupli- 
cate range receivers are available. Low-po\\-er, 
low-frequency marker stations provide only a 
general check on position since their distance 
of receivability is inherently difficult to con- 
trol and maintain.4 Night effect and differ- 
ences in antenna efficiency alid in readjustment 
of the ship receiver volume control as deter- 
mined by the signal strength of the main range 
station, which the marker beacon supplemellts, 
all affect the distance over which the marker 
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is heard. The use of ultrn-high frequency to 
provide a suitable stable elliptical or fan-shaped 
pattern w:Ls considcrcd, and the development 
conducted along this line is described in this 
report. 

APPARATUS 

The first use of ultra-high frequencies for 
marker service by the Bureau \vas in 1935 when 
several of the major air terminal range stations 
were eqnippetl wit11 transmitter and antenna 
capable of producing an inverted vertical cone 
of sigma1 5 to afford the pilot a positive wani- 
ing of his arrival over the rauge station and 

Figure 2.-Original Ultra-high-frequency marker 
transmitter. 

to supplement the use of the coue of silence’ 
which otherwise provides the only sucl~ indica- 
tioll. One of these transmitters was converted 
in the fall of 1936 for USC in the development 
of a fan-type marker which would give an ellip- 
tical instead of circular pattern for use along 
the airways to provide aircraft with an accurate 
“fix” where required. The original transmitter, 
shown in figure 2, was nlodified to contain a 
pair of Eimac 150-T tubes connect,ed as a simple 
push-pull ‘75megacycle oscillator with long line 
frequency control. A schematic diagram is 
given in figure 3. The filaments were heated 
with 60.cycle power, and the plates were con- 
nected to a 890.cycle motor-generator through 
a step-up transformer as shown in the diagram. 
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The output of the transmitter was coupled 
through a two-conductor transmission line to 
an antenna array consisting of four half-ware 
doublets in line end to end and spaced a quarter- 
ware above ground. A temporary installation 
was made at the site of the Washington Airway 
Radio Range Station, Hunters Point, Va., and 
later moved to the site of the Bowie, Mb., light 
beacon. The installation at Bowie is shown in 
figure 4. The motor-generator used to supply 
the 890-cycle plate power was located in a small 
7’ by 7’ frame building pJaced inside the base 
of the beacon light tower. In February 1937, 
a new motor-generator was installed to produce 
3000-cycle plate power. Three thousand cycles 

was selected to provide a marker tone distinctive 
in contrast to the 1020-cycle tone of the range 
and one that could be filtered easily from Figure 3.-THL 75-MC. marker transmitter. 

Figure 4.-Original fan marker installation at Bowie, Md. 
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unwrted ultra-hlgb-frequencj syuds An 
agreement TPBS leached by the F&dlo Techmcal 
Committee for Aeronautics m May 1936, estab- 
hshmg 3000 c> cles as the dewed marker modu- 
1at1on f1equency~ In April 1937, the Bureau 
completed and mstalled a cryst&zontrolled 
hansmkter at the Bowole marker The ongmal 
antenna s)dem was retnmed and the transmls- 
w.m lme vas extended to the new transmitter 
,n the buldmg m the beacon tower base chn- 
tmuous operation has been mamtamed smc_e 
October 1936 

nxlly beneath the belly of the ship A &volt to 
ZOO-volt dynamotor 1s used rrlth the recener 

Both aural and visual mdlcntlons ara pro- 
~lded for the pllot m the ship A 12.volt 
ulute lamp 1s plovlded on the mstrument 
panel to be controlled by the d c relay The 
,~wnl output of the reca,er 1s connected 
through a, watch to the plane’s regular head- 
phone jack crcwt so that the marker synal 
done can be heard or It can be sup-x-unposed 
on the range slgnnl If desnnd 

In lhe recordmgy of figures 8 10, and 11, 

The eisentlali of the recelxer wad 11, con- 
mct~on wtb the fllgbt testmg of the marker 
TTWe described m Vol 8, No 8, February 1937 
ISUB of the Am Commerce Bull&n B A new 
of tbs recarer 1s shomn m figure 5 It con- 
wks of a grid leak detector and audio nmph- 
fier rmth an output band pass titer, a &ode 
rect&r and a sensltlve d c relay The re- 
ce~vmg antenna, as shown m figure 6, conasts 
of a angle mme antenna supported longltudl- 

the centw pxt~on 1~ wmer\bat flattened be- 
cause of recclrer owloadmg Actually the 
center lobe 1s much stronger than the side lobes 
and not equal to the side lobes as shown m the 
recordmgs 

Three d&rent airplanes hare been used m 
t&s of fw markerr, these ne~e (1) NS-62 ri 
4.place, fabrm. h&wmg Stmson monoplane 
(2) M-31, a 2.place, fabric, b@nmg Fan- 
chdd monoplane, (3) Z-1, a twmmotor, low- 
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wmg, all-metal Lockheed Electra transport four-element array, accordmg to both theory 
Belly antennas wxe wed on all three of these and observation, produces three lobes of mda- 
sblps tlon (iig 8) whereas only one lobe 18 observed 

for the two-element army However, It was 
e observed that the three lobes am -W-J closely 

spaced and m pnssmg from one to another the 
per& dunng rrhlch the marker m&&or 
lamp IS out IS relatmely small Furthermore, 
the two outer lobes are present only m the zone 
dmctly above the tmnsmttmg antenna The 
remrdmg (fig 8) made on B flight dmcily over 
the statmn shows the lobes very d&mtely 
whereas a sumlar and pamllel fhgbt (fig 9) 

F,gyre 6 -Marker recanng antenna-NS-31 

TESTS 

DIRECTION OF 

The tests wvrth the mtml set-up at the site 
of the Washmgton Ra&o Range StatIon mdl- 
cated that a mutable elhptml field pattern Elgare 8-Reeordmg of fflght over fan marker-Altl- 
could be obtamed mth B transmttmg antenna tude 3,DDO feet 

Fwxe 14lelatwe &terns for two types of transmrttlng antenna srreya 

u-ray cmmstmg of four half-wave elements 
msnged m hnne end to and, spaced one-quarter 
wavelen,@h above ground and excited m phase 
A ampler antems, comstmg of only two half- 
wv&ve elements, was tmd and a comparmn of 
patterns obtamed IS shown m figure 7 The 
desmd pattern for fan markers LY one hamg 
greatest length and mmmum mldth, or thick- 
ness The ratlo of length to wldtb for the 
four-element array LS 11 to 3 compared mth 
about 8 to 3 for the twoalement army The 
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made 2 8 miles to the rqht of the statatlon shons 
no lobes It was beheved that, regardless of 
Its greater size and lobes, the us8 of the four- 
element array was pmt~fied All subsequent 

DIRECTION OF 
FLIGHT 

FIgme 94&nrdmg of ilIghts over fan marker 28 
tiea east of stahon-Altltode 3,GiM fee+ 



thdes, up to about 7,000 feet, the hmf dead 
spots bctncm lobes HE not consldercd objet- 
honablo (SW fig 11 ) hbac about 7,000 feet 
the awplltude of the side lobes 16 below that 
nh~ch ~111 operate the marker lamp so that only 
the itendy sqnul of the mam lobe IS obtaured 
Xegurdmg tlwsc lobes m a useful sense. It has 
bee11 possible In fll&S to determme m1atne 
Intern1 postIon and to check the accuracy of the 
radio ~mge course lman~ the “outs,” or dead 
spots ~TC found on13 “\m the stntlon and not 
on either side Fhghtg \\e~e made up to 13,000 
feet. and satlsfnctorj results were ohtamed 

DIRECTION OF FLIGHT 

Figure 11 -Record,ng of lbght over fan marker-Alt,tude 6,000 feet 
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NM, 1~ low wmg all-metal twm motor Lock- 
heed Electra was also equipped for marker tests 
and parlous recelvmg antennas tned Two belly 

; antennas were ongmally mstalled on this ship 
dmxtly htneen the wheels and 24 mches from 
the belly of the ship The two mere parallel 
nnd spaced 15 mcher apart One was used for a 
lowfrequenc) range beacon recerver, the other 
for the ultra-high-frequency marker receri%r 
Fhghts -era made usmg two d&rent antenna 
lengths and Rlth sawn1 spncmgs between an- 
tenna and the belly of the ship It appeared 
that n spncmg of 24 mches from the belly KLLS 
superlo to anythmg less. both for fan and Z 
marker receptmn The length of 69 5 mches 
WBS found to gwe shghtly better performance 
than n length of 73 Inches A 78-mch antenna 
with an msulator nt Its mlddle and the shxld 
and conductor of a low nnpedance concentric 
tnnsmlsslon lme lend-m connected respectwely 
to thr fol\rnrd nnd r&x ?e&ons (see fig G) 
nas found supelm to tr contu,uous half-wa$n 
untennu The prepuce of the pa~dlel beacon 
nntennn did not appear to cause &ffiL”lty wth 
operntwn of the marker antenna 

Anextenwe study of recaveri WBS conducted 
durmg thr marker derclopmen t The detectol 
nnd dmphher , llcult as used 11, lecarr~, hguru 5, 
wns developed bececnuse of It? light mwght, %Il- 
plKltJ, and comp,lctness In the b?gmnL”g, 
nhen the transnutters wcere not crystal-con- 
trolled, It was necessnrg to hare a broadly tuned 
radio-frequency cxcult Selectlvlty was ob- 
tamed mostly through the use of a 3OO@cycle 
au&o output filter The cwxuts were arranged 
so as to ,mre muumum change of seen&m@ 
mlth varlatlon of the 12.volt suppI> roltuge A 
relaj was iinnally chosen to operate the slgnal 
lnmp on the mstrument panel of the shop, after 
a number of other possible ,\a,~s of provldmg 
rwnl mdlcatlon HW‘B mwtlgated 

The use of n type-885 tube mas tried m place 
of a rela> Tins tube becomes very conductlre 
when its grid voltage IS made shghtly pa&w 
A Neon-type mdlcntor tube was used rrlth the 
886 tube mbde correct operation was obtaned 
wth tbs combmatlon. It was found that 
bghtmg of the mdxator was more affected by 
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extraneous mterference and the sensltwlty was 
not constant for rarlatlons of amblent tem- 
peratures, and recelrer plate voltages Also 
the filament current of the 885 tube 1s very 
high, csusmg the marker receiver to exert a 
constderable load on the airplane battery 

The Neon mdlcator was once consIdered de- 
suable because of Its color and shape, but was 
abandoned for the follommg reasons (1) Its 
ablllty to hght mstnntanrousl~ makes It B poor 
dlscrnnmator of noise, (2) the stnndard lamps 
wallable requxe considerable space for mount- 
mg, (3) they reqmre a high voltage for opera- 
tlon and when wad wth blmd landmg the 
hghtmg of the Neon hght from the recewer 
plate voltage ctx~ses a trnnslent m the ghde- 
path arc”& (4) a rise m recelrer plate voltage 
may cause the lump to retam a partial glow If 
It 1s used wth a type-885 tube Thp “se of the 
Keen tube mlth a relay was dwarded for 
,O>LSOIIS (l), (Z), nnd (3) above 

A “mug~c eye” type of tube \\u mrestlgated, 
but the co101 (grzen) WULY not deswable and the 
~llrnmnnt~on Inadequate High plate voltage 
VW required for this tube m nddltlon to fila- 
mpnt power 

The adI antages presented for the la-volt 
type stnudard mdlcntor lamp were 

r, It CAT, be mounted betwen “lstlumenty 
on instrument panel 

b There 1s momentnly delay m Its hghtmg 
that makes It less subject to llghhng by extran- 
eous influences 

c It 1s standard and readily obtnmable 
d It reqmres no special voltages 
It WBS for thex, reawns that the use of this 

type of lamp was adopted for all subsequent 
recr~vers made by tho Bureau for expernnental 
marker Sel-nce 

The Bureau developed and tested a. crystal- 
controlled superheterodyne recarer suItable for 
marker receptlon This recel~er ww somewhat 
larg-er and heavier and many times more cam- 
phcated electrically than the orlgmal type em- 
ploymg snnple detector, but Its development 
rras necessitated by the fact that the assignment 
of radio-frequent) channels wlthm half a mega- 
c)cle of the marker frequency w&s pre&cted 
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To obtain discrimination against these adjacent 
assignments, it is obviously necessary to resort 
to a more selective receiver. The entire system 
of receivers and transmitters must he comple~tely 
standardized and stabilized with regard to fre- 
qwncy and to do this, t,he lake of crystal control 
has been adopted. The crystal-controlled re- 
ceirer was not flighty checked, but su5cient data 

, were secured in t,he laboratory to permit w-iting 
a specification from which D. quantity of 
receirers will be purchased. 

The we of 3000.cycle tone modulation of 
marker transmitters made it possible for bath 
marker and range signals to be hard simul- 
taneously in the headphones without appreci- 
able cross interference or confusion. 

RESULTS 

Although several refinements ranain to be 
tested, it is believed that. su5cient kuonledge 
has been obtained to predict satisfactory 
service operation of ultra-high-frequency fan- 
type markers. The knowledge gained can be 
summsriml as follows : 

1. A vertical fan-shaped wall of signal mith 
nn elliptical cross section, suitable for marking 
on radio ritilge, coumes and for the proper con- 
i:rol of airway tm5c can be produced reliably 
by an array of four half-wave doublets in line; 
spaced % marelength above ground and excite,d 
in phase. 

2. The shape of the paHorn in cross section 
a,t 5,000 feet altit,ude, is elliptical and has dimen- 
sions in the horizon&l plane approximately 12 
by 3 miles. Larger patterns of proportionate 
dimensions are obtainable through the use of 
more transmitter power or greater receiver 
sensitirity. 

3. A transmitter power output between 100 
and 150 watts mill cover all ordinary fan 
marker requirements. 

4. Marka signals can be properly received in 
airwaft through the me of a half-mare be,lly 
antenna and a rewiver h&vi% a sensit.ivity 
of 1400 microvolts.* 

5. The antenna system can be plnced as close 
as 100 feet to an airnray beacon light or similar 

m&llic structure without causing serious dis- 
tortion to the pattern. Less than 100 feat spac- 
ing is being inrestigated at B new installation 
at New Brunwick, N. J. 

6. These mwkers hare not yet been installed 
in mountainous terrain; hoxvever, knowledge at 
hand would indicate t,hab no di5culty would be 
encountered if these markers were properly 
located, that is, located away from deep ravines 
and placed where the antenna is well wibhin the 
line of sight to an airplane within the area to 
be served. 

7. Proper spacing of these markers from the 
range station for air tra5c cont,rol purposes will 
depend upon terrain and tra5c operating 
conditions, and will vary from about 10 to 40 
miles. 

8. The keying of the signal in dashes to iden- 
tify the part,icular leg of the range and to 
differentiate this marker from t,he Z marker is 
highly desirable. 

9. The cost for each complete fan-type marker 
installation in quantities of 23 with an auto- 
matic stand-by transmitter and shelter is 
nppmximate1y $3,500.00. 

CONCLUSIONS 

It is occluded : 
1. That if several, or all, of the Bureau patrol 

and radio aircraft we equipped wit,h cl;vstitl- 
controlled supaheterodyne receivers a,nd rou~.ine 
flight checks started throughout, the country, 
much information on the stabilit,y of these 
marker systems under adverse Feather con& 
tions can be determined. 

2. That the use of B shelter over the trans- 
mit,ting antenna system should be investigated 
as an altarnrate to the screen counterpoim in 
places where t,here is little or no snow. The 
shelter would probably be a frame enclosure 
measuring 6 feet high, 4 feet wide and 30 feet 

long. 
3. That routine flight checking of markers 

should be continued throughout the winter to 
obtain information on operation in a,ll exh%mes 
of weather including snow thmugh and after 

sn0m storms. 



9 

4. That means should be provided at each 6. That tests should be continued to detmnim 
fan marker site to advise the pilot visually or whether or not these marker systems can be 
aurally whether or not the regular marker 
transmitter has for my reason become inopera- 

placed less than 100 feet from light beacon 

tive. A visual or aural method would permit 
towers, preferably on the same 100.foot plot of 

Bureau patrol pilots to obserre this also, sating 
ground containing the light beacon. 

much time in ordering maintenance men to these 
7. That flight tests should be conducted at 

remote marker sites when failures occur. 
higher &itudes to determine the utility of these 

6. That provision for monitoring the output markers in subst.ratosphere flying. 

signal should be investigated. 

RELATIVE DISTANCE THRWGH A.PPROX,“ATE WlDTH OF PATTERN WITH RESPECT TO RADIO RANOE 

CENTER. 

Figure 12,Patterns of fan marker based on data taken at Bowie, Md 
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