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Tests of the Fmt Manufactured Fan Marker 

site dally Therefore, the marker could be ob- 
Serb ed conwmently and studled at once bJ- the 
mnprq~ of those concerned wth the marker 
mstnll‘Ltl”n program 

APPARATUS 
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amphfier Qpe and has been described m tlw strong central por tmn of the mnrker signal 
AN Commerce Bull&n 2 Its crcut dmgrnm pattern IS encountered These faults, how 
1s gwen m figure 17 The rddu-frequency e\er, do not affect the rebab~bty of the re- 
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to determine size and shape of fan marker Tile RUD receiver was used throughout the 
patterns, therefore, was considered sntisfac- Sew Brunswick tests. The recordings of re- 
tory. The superheterodyne receiver, having wirer output, made during these tests are con- 

. . 

Figure 3.-Antenna system. 

been constructed with the same audio and out- sequently inaccurate with respect to signal am- 
put circuit as the RUD receiver, possesses the plitude on flights near the stat’ion where over- 
same general overloading features. loading occurs, except on certain flights during 
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which the receiver was intentionally rendered 
less sensitive in order to avoid this overloading. 
The graphic recording equipment consisted of a 
standard Esterline Angus (O-5 ma.) instrumcilt 
equipped with a rectox rectifier and a single 
tube input, amplifier. The receiver output WIS 
connected to a pair of headphones and the 
recording amplifier. 

data were taken on the lvatts output of the 
transmitter for rlorlnal operating conditions and 
for the critical conditions at which the auto- 
matic monitor transfer circuit should function. 
For a given setting of the monitor current, the 
point at which the transfer operation takes 
place was observed for both a reduction of mod- 
ulation and a reduction of carrier. These values 

Figure 4.-Antenna system from tower. 

TRANSMImER TESTS 

Ground tests conducted prior to and concur- 
rently with the installation of the equipment at 
Sew Brunswick covered the following point,s: 

1. Investigation of the monitor control action. 
2. Tests on balancing and phasing the an- 

tenna system. 
3. Tests on operation of the mercury vapor 

rectifier tubes at high and low ambient 
temperatures. 

The investigation of t,he monitor circuit was 
conducted at the manufacturer’s plant in Tvhich 

were observed for line potentials above and be- 
low the normal l’lO-volt value and a curve 
plotted in figure 18. Similar data were taken 
for other conditions of the monitor current, 
resulting in a series of curves from mhich it was 
possible to determine the most desirable setting 
of the monitor current. This value was found 
to be 3.5 ma., and curves of figure 18 are based 
thereon. At this setting and with normal con- 
ditions existing in the transmitter, the equip- 
ment will not transfer to the standby trans- 
mitter until the supply voltage has dropped to a 
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value of about 96 Tolts. A reduction of 20 per- 
cent from normal modulation or 50 percent in 
the carrier power will cause operation of the 
automatic transfer feature for this monitor 
adjustment. 

Prom the carrier output curves of figure 
18, one might be led to believe that since the 
carrier output of the transmitt’er could be rc- 

the output signal which is identical to the 
operation of the receivers used aboard aircraft 
in receiving signals from this marker station. 
The operation of the monitor depends, there- 
fore, upon modulated power output of the 
transmitter, and it. nray be observed that a 
reduction of about 20 percent in this power 
will cause operation of the transfer rather than 

Figure L-Photograph-Antenna system showing supporting methods. 

duced from 100 watts to 50 Ivat ts before opera- 
tion of the automatic transfer feature takes 
place, a serious reduction in field pilttt?rll might 
occur just prior to operation of the transfer. 
Thiq however, is not. exactly true, because in 
taking the curves of carrier output versus 
transfer operation, the modulator output. was 
held constant. This means that as the carrier 
is reduced below its normal loo-watt value the 
percentage. of rnodnlation is continuously in- 
creasmg. The operation of the transfer device 
depends upon the rectified audio component of 

the 50 pelw11t as indicated by the carrier 
c~irws of figure 16. 

AII inrestigation was conducted at the New 
ISrunswicl; installation to determine opti- 
mum antenna current balance and transmission 
line termination. After adjustments were 
completecl! the following antenna currents were 
obtained and ‘considered satisfactory : 



Figure G.-Transmission line end details. 

Tile antcmia elements are numbered starting 
n-ith tile one farthest from the transmitter. 
IIfter adjllstuleiit of line terltrillation, a line 
cln.rt’llt 11tkvi11g srll)stil.ntially Illlif0t.m tlistrihii- 
tiori (Ixtio 1 : I ) \viis ol,tai~it~tl. As tIlta tr:lllS;- 

mitten,:, arty itltaliticxl ill c,olist r,llc.lioll ali(1 at’<’ 
t~o~iurcttvl to tJie alitrllrla by Iiilt3 \vliicll are of 
equal lriigtli, itleiit ical o])eration was obtainetl 
fl,olll l)0t11 transulitters. The iinal arrange- 
111o11t of the antelma is illustrated in figures 4 
;llltl .Y : t11e tliinensions and placement are slio~31 
in fig71ws !) an(1 10. 
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It \v:is foirntl in the New Brunswick installa- 
tion tliat when the ambient temperature n-as 
belo\\- about 20” F., the normally idle standby 
tl~ansmitter would not start correctly. The 
ventilating fans used in these trnnsmitters 
caused excessive circulation of cold air around 
the mercury vapor rectifier tubes, niaiiitaiiiing 
the tllbe at il temperature too low for correct 
operation. Heaters were installed between two 
pairs of rectifier tubes, and were connectotl to 
l]w l)owcr niaius through a 60” thermostat. 
A thcl~lllostat was also addetl lo tile rentilat- 
ing fall motor circuit to prevent its operation 
when thr 1 emperature dropped below about 70” 
F. Tllus tile mercury vapor rectifier tubes 
were maintained between about 50” and 70” 
F. for moderate changes in anlbient tempera- 
tures. An investigatiou KM made in coopera- 
tion with the rn:nlllf:~c,tlll.rr n-hich resulted in 
the design of an cllclo!,llrc~ for llle rectifier tubrs 
and the installatioli of sllitablr tlirriiiost;itic;~]]~ 
controlled heaters \vitliin the eliclosure. (set> 

fig. 19.) It was then possible to maintain the 
tubes within the required tcm]~c~‘ature limits for 
operation in ambient trnllwratures as low as 
minus 40” F. Sufficient o]wlings were provided 
ill the enclosure to allow the ventilating fan to 
circulate air around the rectifier tubes to pre- 
vent their heating iu su~rmer weather beyond 
the limits prescribed by their manufacturer. 
The position of the installed enclosure is shown 
in figui~ 14. 

Duriug tile developmeIlt a11cl manufacture of 
Ille transmitting equi])iuetit tllere was consider- 
able discussion concerning the method of keying 
that should be used. T\vo uletlwcls were con- 
sidered: that of keying the complete output 
(carrier and modulation), and that of keying 
only the modulat,ion. It was at first considered 
advisable and tlesirable to key the complete 
0lllput ai1t1 rliniinatr all radiatiwl during pe- 
riotls \vllrlr IIw key is O~PII. ‘I’llis \voultl inciden- 
laliy irlc~waso Llw life of 111~. (ralistriilt ing t111ws. 

Figure ‘I.-Typical TZB fan marker transmitter 
installation. 



Figure X.-View of the twn transmitters, showing transmission lint connection methods. 
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Figure Y.-Relative placement of antenna and counterpoise with regard to beacon light lower. 



F,gure 10 -Dmensrons of antenna deta,,s 

transmitter vvcts connected for carrm, or con- 
plete keymg In fhghts made nith the BUD 
type ,ece~xex desclibed m this rcpolt, both 
types of keymg appealed to be sntlsfactory 
Only a shght n~rense in keylug clicks m&s ob- 
sorxed m the caller tJpe of koymg Tests 
were made later m cooperation rvltb tlm Bell 
Telephone Laboratones usmg a marker recen=er 
bult m accordance mlth mhnes spmficatms 
nh~ch contams a hmtcd AVC a&on and from 
these It nas apparent that the ~1% of keyed 
carrxar was entm1v ul1satlsfactor~ A s11g11t 
chck was heard ,n the headplmes on the break 
of each dash for tone keyq bnt the xmpl,. 

been restored to tlmr ongmal posItlow for 
tone keymg 

FLIGHT TESTS 

Prior to departure from Bollmg Field 
Wasbnn&ton, D C, for the Nm Brunsnlck 
tests, r~ Ferm qnal geuaator nlth a small 
radlatmg antenna was placed a few feet from 
the marker antenna on NS-31, and the fre. 
quency was adjusted until maum,um re:pcnw 
was obtamed m the output of the cq~tnl- 
controlled superheterodyne rece,r~r m the 
anplane Assummg this freqwncy to be car- 
rect (Inter found to be correct ln New Blnns- 
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wick flights), the XUD receiver was connected 
in place of t.be siiprrllelero(ly~~e ant1 it)s tuning 
control atij~istetl for inaximlllll oiltljiit. 

WitI1 tlrr rrceiwr thris atljilstctl. :I iwwrdilrg 
\~as made of t,hc ISowir, Md., fan markcl. while 
en route to New Brunswick. iii passing over 
the New Brunswick marker, a similar record- 
ing was made, the receiving and recording 
equipment, having remained unchanged in the 
interim. Figure 20 is il copy of the recordings, 
showing only the llcak defections of the re- 
cording pen. The irregularities in the middle 
sections are evidently the result of overloading. 

I 
TYPE TZD TRANS!IITTERS 

I 
Figure Il.-Floor plan showing position of the two 

transmitters. 

The difference in irregularities and amplitudes 
between the two can be accounted for by the 
differences in keying (Uowie, double dash (11) ; 
New Brunswick, continuous dashes “) as this 
has a noticeable effect due to the inertia and 
friction of the recorder pen. 

After the complet~ion of the New ISrunswicI~ 
tests, and while en route from Newark to Wash- 
ington, the relative patterns of the New Bruns- 
wick and Bowie markers were again recorded. 
On this occasion the receiver sensitivity was 
reduced by detuning in order to avoid over- 
loading. Copies of the recordings are repro- 
duced in figure 21. The slight dissimilarity in 
the shape of these two recordings can be at- 
tributed to the difference in altitutlc between 
the two flights and difference in the power out- 
put of tile two transmitters. The recording of 
the New Brunswick marker shows tlefinite re- 
ceiver overloading not present in tile Bowie 
recording. 

A number of flights were made at New 
TYPE TZB TRANSMITTER 

FRONT VIEW 

2 I‘ntcr chnngcd to corrrct keying, 3 dashes. Figure XL-Front view, type TZB transmitter. 



RECTIFIER 
HEATER 

LEFT SIDE 

Figure 13.-Left side view of type TZB transmitter. 
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TERM. B 

TERM. 

6 

23 

RIGHT SIDE 

Figure 14.~Right side view of TZB transmitter. 
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be obtained. Recordings were made on all 
flights, but not all of them hare been used in 
this report. 

From some of the recortlings made with the 
desensitized receiver, it v-as possible. to deter- 
mine the relat,ire ralue of the three lobes found 
to exist in the pattern tliwctl!- over the station. 
To do this, the. receiver ant1 recorder were re- 
turned to the laboratory illld were calibrated 
against a Ferris sipal gwlcrator~ Model No. 
1813, the pnerator olltlwt bring adjusted to 
(rive the sai3ie recortling aii~l~litl~tlrs that. were h 
obtiiit~rcl iri fligllt. ‘I’llt! ratio Of tilt? lllitiil lobe 
to ritller side lobe \V:Ls ~~)pH~Xi~lliLtt2ly 7 to 1 

nlicrovolts, aplnvachin g closely the correct 15 
prcen1 ratio obtained by nlatilematical analy- 
sis of the type of traiwmitting antenna array 
W?d. 

Figure l&-Type RUD receiver used in the flight tests. 
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of the towel base, m order that the entlre n,- between 500 and 5,000 feet, and wulth the rece~>er 
stallalmn would be mthm the lnmts of property sensltmty mduced The patterns of figure 22~ 
nlrexdy under lense for the bexcon-hght s,te mere made m south& flqhts, and others 11, 
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can be obscrwd It appeitrs that time 1s onlj shgbt leamng of the recemng antenna pattern 
a shght shadoamg effect caused by the tone1 behmd a true vertml lme drawn between am- 
It ml1 be noted m figwe 22a that the small plane and earth There IS, honerer, a defimte 
n~~no, lobe appean on the side where shado\ung effect of the toner on the mmor lobe and a 
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Figure 19-Heatmg device and enclosure used to mantam correct temperature on the mercury vapur 
r&&r tube? 

Fwure 20-Graphic records of two fan marker signals, Bawle and New Brunswck, wth normal recewer 

by the tower m&t be expected In figure slight leamng effect caused by the towel on the 
22b this zmme lobe appeus luger and almost mam lobe N&her of these 1s of mj cum 
equal to the other mmor lobe The i-ason for soqum~e to the performance of the system 
this difference can be explamed by a possible The recordmgs from which the patterns of 
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figure 22 xwre obtamed w+xo copled and RI-C noted from the recordmgs Included m figure 24 
leprodnced m figure 23 Flgure 23 shovs defi- for fhght COLWSS northwest 15 m&s and north- 
rntely the effect of overloadmg of the recel\ er on west 2 miles from the statIon that there 1s no 
the mordmg The top reccxdmg (5,000 ft evidence of n-regular~tw nhxh nnght be caused 
.rltLude) appexs to contam thxec lobes, whereas by the beacon-l@t tower The mmor lobes, 

DIRECTION 0% PLiiJIIT 

F,gure 21-Graphs records of two fan marker swuls, Bome and New Brunsw,c!x, w,th reduced reeaver 
sensltlvlty 

F,gure 22 -Patterns shomng the re,at,ve e&et of the adpcent 90.foot beacon 1,ght tower 

there 1s but one The side (mmor) lobes have present m the central portjon, a-8 not observed 
dwerged and dmmnshed to an almost unpeg- m the flights on these courses 
ceptlble ,alue From the record data taken at the 7,000.foot 

In figure 24 the relatl>e pattern of 3,000 feet altitude, the approvnnate pattern at this al& 
altitude IS plotted to she\, the presence of reflec- tude was plotted m figure 25 The relatl,e 
tlons and shadows, and for the study of the rela- posltlon of the two mmor lobes nt this altitude 
tlve p&Ion of the mmor lobes It ~111 be IS shown m thu figure Two of the record- 



~ngs taken dunng fhghts ‘XL thli altitude .IW 
rt~~~oduced m figure 26 It ~11 be observed 
that dn-wtly ora the statlon the tro nunor 
lobes are req cvldent, whereas m the flqht 
made 6 m&s on the southeast s& of the std. 
tuxl the pattern 1s clear and free of the mmor 
lobes 

Frown lhe compmte data obtnuxd on all 
fhghtc: made at the Nzn Brunsnxk marker, 
the pattelo dnnenslon~ m two vcrtxal planes 
n we plotted m figure 2i In this figure, curve 
27a represents for var‘1ous altitudes the dls- 
tnnce m mles to edher stde of the yt,\tlon 
\\lthm which the sqnal IS strong enough to 
opelate the mdlcatol light It loprewnts the 
nwnbel of m&s nlncb a &lp may be off 
course and J-et recave the marker signals 
The cwve, figure 27b, represents pattern 
“lhxkness” fol Y~~~IOIIS altltodes The ‘miles 

Some dlffelence of “pmmon may der elop c,on- 
cernwg the width-to-thxknc% ratlo prowdcd 
b\ thlr type of marker, and the nblhty of the 
pdot to determme accurately ins poeltlon wth 
ii pattern 4 IT&S thick st 7,000 feet In the 
t&s conducted by the Bureau with this type 
of marker, and with the Z marker, It appears 
dearable to take the tune at which the marker 
mdxator hght first comes on, or the first 
complete group of flashes, as the mdlcatlon of 
posltlon over the ststloq, ratbei than to USC 
xl a\rrage tune of durntlon of light The 
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%ure 25-Pattern at 7,000 feet. altitude showmg the approxmate posrtmn of the mmor l&es 



Flgure 26 -Graphic records taken dnectl) over statton and at 6 mdes southeast of statwn at 7,000 feet altitude 

F,gure 27-Pattern dmensmns m a vertical plane showing thickness and wrdth of pattern 



On the baas of the many tests conducted on 
the exl~ermentnl markers and par tlculally the 
tests conducted on the comne~ml model at 
Kcw Brunswrlck, It I$ concluded thsl- 

1 ,4 satlsfaclory pattern, 11, both szo and 
shape, IS produced by the oqupment bug purm 
chased on the emtmg contract This presumes 
the use of an antenna on the amraft havmg d 
pattern smnls~ to that used m the Bnrmu teits, 
and wth a rece,\er sens~h\~l y ~l~pmm1at~1y 
equal to that of the RUD IWXI\W (1400 m,c~o- 
~“lts-meas~ued by dmct conwct~on to Ferrrs 
18B signal generator) used in the test flights 

2 The operation 1s not mpamd appmably 
when the transmttmg antenna IS placed ad]“- 

0 


