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Report m 
Cone of Silence Tests 

At Knomlle, Tennessee 

by 
D. M. Stuart 

Radio Development Sectlou 

SUMMARY 

This report covers the results of flight tests on the Knoxville, 

Tennessee SARA radio range station to determine the cause of the pecul- 

iar cone of silence character~stccs whxh had been observed at this 

statlon. Included nith these results are some observations made at 

other range stations along the Washington-Nashville airway for purposes 

of comparison. l'h~ work ms in the nature of a contmuatmn of earlier 

ground &ties oarned on at Knomlle prior to comissloning, and xas 

mtlated as the result of reports from the Second Airway District Da- 

trol pIlot to the effect that the Jfnoxvllle range had no cone of silence. 

The tests herein described confers this report and indicate that 

the diffxulty is due prlncqallyto the non-reclprooal or "bent" course 

alignment tich 1s recured to serve the ax-ways at this point. Probable 

contributory factors are the rough character of the terrain in the Knox- 

vllle area, and the close pro-ty of the antenna towers to railroad 

tracks whxh rcn lmmedlately adjacent to the site. It 1s concluded that, 

Fn the selection of sites, factors such as rallroad tracks, mr lines, 

and rough terrain should be taken into conslderatlon m order to avoId 

bent and caiitiple courses. 

INTRODUCTION 

The Knoxville statIon was the first of the new stitaneous range 

and broadcast statlons to be installed for service operation on the 
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Federal AIrways. At the time of its u&allation it differed too from 

other ranges III that the tower radiators were equpped tith counterpoise 

systems designed to mirumize variations 111 antenna capacity and to pro- 

vlde improved course stability. Prior to the co&ssioning of this statlon 

1~1 November of 1936,extenslve ground tests were carried on to dete-e 

the effectlveness of the counterpoises, and to check experimentally the 

effect of course bendmg where a tuned center tower 1s involved, as is 

the case at all simultaneous type ranges. The results of these tests 

lndxated that the counterpoIse systems practically ellrmna ted varla- 

tlons 1II antenna capacity. Also, no dlffuxlty was encountered m se- 

curing the desired course alignment by conventional methods lhlch checked 

mth conclusions reached through theoretIca considerations, that the 

effect of the center tower on the hrectional field 1s small. 

All of the lnformatum available as a result of the orIgina ground 

tests indicated that entuely normal operation mth greatly unproved 

stablllty could be expected from the Knomlle range. Shortly after 

the statIon 1~8s comnnssloned, however, the district patrol pIlot report- 

ed that he could find no cone of silence over the station although in 

other respects It was operating satufactorlly mth aU courses aligned 

III accordance mth publIshed bearings. Since the Bureau anticipates the 

lnstallatlon of a large number of stations sFrm1a.r to the one at Knox- 

vllle,it was consxdered desirable to mvestlgate this condition more 

fully 111 order to deterrmne whether or not It was brought about by the 

type of transrmsslon employed or by some pecukarity of the equipment. 

Accordmgly a flight was made to I(noxville mth airplane NS-62 on July 

6, 1937 to carry on this mnvestlgation. 

b&f? 



-3- 

APPARATUS 

In order to check accurately the cone of silence charactermtms 

at I(noml.le, au Esterlme-Angus recordmg rmlllammeter was connected 

UI the output of the aircraft receiver so that meter readangs were pro- 

portional to the field intensity of the received signal. The motig 

element of this meter IS suffxlently fast to follow the keying of the 

range and thus provide a record of the accuracy nxth whxh the course 

was flown as welJ. as the rapid changes of field lntenslty y1 the ticul- 

ity of the statlon. As an additlonal check on the progress of the shop 

over the station, frequent reference was made to the tift indicator 

mth which NS42 ma8 equipped. 

FLIGHT TESTS 

On the flight fromWa&nngton to KnoxxXile the ranges at Gordons- 

tile, Va., Roanoke, Va., and Bristol, Tenn. were given a routlne check 

for distance range, course ahgnment, and cone of silence characteristxs 

to provide a basis of comparison for the KnoxrUle station. The psnges 

at Gordontille and Bristol were operating with carrier transautted from 

the center towera and single side band from the corner towers while 

Roanoke was in regular four tower operation. The cones of silence of 

all of these ranges were satisfactory, ard no signlflcant difference 

between them nas noted. However, xt was observed that GordonmIle and 

Bristol bad approately three times as great a useful distance range 

as hoanoke, probably because of the single side band type of transrmssion 

employed. 

On the initial flight at Knotille It was discovered that a peculiar 

course condition etiated withan a three mile radius of the statlon. The 
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courses appeared to bend or change direction abruptly in tius area so 

that It was very difficult to pass over the statlon nhen flying by radio 

alone without reference to the ground. This effect was most severe on 

the south leg whxh lies over the airport, and is parallel, for a short 

distance, to the L & N. railroad tracks, which pass the site mthm 200 

feet of two of the towers. At a point about a mile from the statlon the 

tracks curve to the southeast and the course appears to follow this cur- 

vature for a short distance and then to contdnue on in a normal radial 

dIrectIon from the statlon. The abr+,b, changes in the direction of tbs 

course were unaffected by the a&IULent of the other courses, and are 

believed to be caused by the tracks, particularly 111 view of the fact 

that course bends have previously been noted under slrmlar circumstances 

at other locations. 

To deternune the effect of course alignment and mode of operation 

upon the cone of silence, checks were made under the follomng condltlons: 

1. Normal simultaneous operatxon. 

2. Normal course alignment, but with the center tower detuned 

and modulation appked to the corner tower transrmtter as 

in non-simultaneous operation. 

3. Simultaneous operation with reciprocal courses and 90 de- 

gree course separation. 

4. Modulated operation as ~II 2 but course alignment as m 3. 

These four oondltlons are representative of all of the possible 

operatlng conditions of a range of this type, snd the tests were designed 

to show the degree of improvement whxh could be brought about by means 

under our control,l.e.,changes sn adJustment of the equipment. 
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These tests could serve only as a negative mdxation of the cause 

of the diffxulty if it were due to the terram, counterpoises, or other 

conditions wbxh could not readily be changed for purposes of experiment. 

However, flight tests were also carried out on the Roanoke range, ubxh 

was not eqmpped with counterpoises, 1~1 order that their effect mght be 

determined by comparison. The tests at Roanoke were necessarily carried 

out during normal operation as this range was performing eatlsfactorlly, 

and was se-g the sareays at the time. 

RESULTS AN!3 DISCUSSION 

The results of the flight tests lath the automatic recorder are 

briefly aunnasnzed 111 the average curves shoun zn figures 1 to 6 which 

were plotted from the &art records. 

The c-s of figures 1 snd 2 were plotted from data taken under 

the first and second sets of condltlons described under Plight Tests. 

Comparing them it is seen that no partxular improvement results from 

changing from simultaneous to modulated range operation. In case 2 the 

area in which the fade occurs is somewhat eider than m case 1, but the 

build up is not as abrupt nor is there any appreciable difference between 

the two as regards the ratio of m&mum surge to minkmum fade signals, 

both being approlcimately 3x1. Since the regular course sJAgnm.entat 

Knoxville involves a-departure of 20 degrees from reciprocal bearings 

on one pair of coursegthe observed cme of silence characteristics under 

the above twc conditions may be considered as not deviating greatly from 

what would normally be expected. It is well lmomn from past experience 

as well as theory that course bending tenis to reduce the size and change 

the location of the cone of silerce. 

bofy 



The curves of figures 3 and 4 show the improvement wbxh was brought 

about by establishing reciprocal bearvlg relations between the courses. 

Here ag- there appears to be no slgrnfxant difference between the 

cone of silence chsracter+stics as observed during modulated and simul- 

taneous operation. The ratlo of mamum surge to rmrwnum fade signals 

is approximately 1011 m each case which 1s better than a three to one 

improvement over the normal ahgrsaent case. It IS seen that the curves 

of figures 3 and 4 compare favorably mth these of figores 5 and 6 which 

were taken at Roanoke during normsl operation, and are consldered to be 

farly representative of au average normal cone of silence characteris- 

t1c. 

It would appear from these results that the poor cone of silence 

which was orienally observed at Knomlle uas due entirely to the ir- 

regolar course alignment. However ths 1s not considered to be the case' 

as even under the ideal course alignment of condltlons 3 and 4 It was 

found to be difficult If not impossible to hit the cone of silence when 

flying by radio alone, because of the previously mentioned bends in the 

courses near the station. These bends were present under all test con- 

dltlons at JfnoxPllle and It mas necessary ~TI every case to make frequent 

reference to land marks on the ground 111 order to pass over the station. 

It 1s belxeved that a pilot making a routine check of this range nould 

have dlffxulty m flying over the station and would attribute the dti- 

fxulty to a poor cone of silence rather than to the eastence of bends 

m the courses. 

CONCLUSIONS 

It is believed that while the cone of silence at the Knoxville range 

1s a poor one yet it is what would be expected under the course alignment 
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employed here. The condition is aggravated by the presence of the severe 

bends in the courses near the station which is considered to be more se- 

rious than the poor cone of silence itself. 

Unfortunately there is little that can be done to remedy the situ+ 

tion at the eldeting site. If the course tignment were changed it would 

be possible to bring about an Improvement in the cone of silence, but this 

would not rectify the more serious condition of bends in the courses. These 

are undoubtedly caused by the rallroad tracks and the nature of the terrain 

1~1 the victity of the station, and an improvement could only be effected 

by relocating the station. The use of counterpoises and the slrmiLt.sneous 

mode of transrmssion is believed not to enter into this problem at all. 

It is concluded that bent courses and multiple courses are caused by 

rough terrain, railroad tracks, power lines, and other extended metallic 

obJects as well as by reflection from mountains, and that radio range sites 

should be selected nth these factors firmly 1~1 mind. 
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Variation in sqnaJ. strengLh firing 3CQO feet 
above Knoxville, Tenn. Radio Range--south to 
NorthAdtaneouetyps range. Normalccurae 
alignment. 

Variation in signal strength flying 3000 feet 
above Knoxmlle, Tenn. Radio Range-North to 
South--Range operatmg non-sirmiltaneous with 
normal course alignment. 

Verlatlon In szgml strength flying 3OCCl feet 
above Knoxvxlile, Term. Radio Range-North tc 
South-Range operating s~ultanecus and courwe 
separated 90 degrees. 

Variation in signal strength fl$ng 3000 feet 
above P;nomlle, Term. Radio Range-lVorth to 
South-Non-smultaneous range operation with ell 
courses separated 90 degrees. 

Variation in signal strength flying 2500 feet 
above Roanoke, Va. Radio Rawq-South to North. 
Non-simultaneous range. 

Variation in signal strength flying 2500 feet 
above Roanoke, Va. -0 Range-North to South. 
Non-simltaneous rsnge. 
















