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Cone of Silence Tests at Knoxville, Tenn.

SUMMARY

This report covers the results of fhight tests
on the Knoxville, Tenn, SMRA radio range
station to determine the cause of the peculiar
cone of silence characteristics which had been
observed at this station Included with these
results are some observations made at other
range stations along the Washimgton-Nashville
airway for purposes of comparison This
work was m the nature of a continuation of
earlier ground studies carried on at Knoxville
prior to commissioning, and was uutiated ns
the result of reports from the Second Airway
District patrol pilot to the effect that the
Knoxville range had no cone of silence

The tests herein descrmibed confirm this re-
port and indicate that the difficulty 15 due prin-
cipally to the non-reciprocal or “bent’ course
alinement which 1s required to serve the air-
ways at this point  Probable contributory fae-
tors are the rough character of the terrain in
the Knoxville area, and the close proximity of
the antenne towers to raillroad tracks which
run immediately adjacent to the ste It 1s
concluded that, 1n the selection of sites, factors
such as rallroad tracks, power lines, and rongh
terram should be taken mto consideration
order to avoid bent and multiple courses

INTRODUCTION

The Knoxville station was the hrst of the
new simultaneous 1ange and broadeast stations
to be nstalled for service operation on the Fed-
eral Airways At the time of 1ts installation 1t
differed too from other ranges 1n that the tower
radhators were equipped with counterpolse sys-
tems designed to mmimize variations in an-
tenna capacity and to provide improved course
stabihity Prior to the commissioming of this
station 1n November of 1936, pxtensive ground
tests were carried on to determine the effective-
ness of the counterpoises, and to check exper:-

(1)

mentally the effect of course bendmng where a
tuned center tower 1s 1nvolved, as 1s the case at
all simultaneous type ranges The results of
these tests indicated that the counterpoise sys-
tems practrcally eliminated variations m an-
tenna capacity Algo, no difficulty was en-
countered 1n securing the desired course aline-
ment by comientional methods which checked
with conclusions 1eached through theoretical
considerations, that the effect of the center
tower on the directional field 15 small

All of the information avatlable as a result
of the original ground tests indicated that en-
tirely normal operation with greatly improved
stability could be expected fiom the Knoxville
1ange Shortly after the station was commms-
sioned, however, the district patrol pilot re-
ported that he could find no cone of silence
over the station although in other respects 1t
was operating satisfactorlly with all courses
almned 1n accordance with pubhshed bearings
Since the Bureau anticipates the mmstallation of
a large number of stations sunilar to the one
at Knoxville, 1t was considered desirable to -
vestigate this condition more fully in order to
determine whether or not 1t was brought about
by the type of transmission employed or by
some peculiarity of the equipment Accord-
ingly a fhight was made to Knoxiille wrth air-
plane NS-62 on July 6, 1937, to carry on this
mvestigation

APPARATUS

In order to check accurately the cone of
silence  characteristies at Knoxville, an
Esterline-Angus recording milliammeter was
connected 1n the output of the aircraft receiver
5o that meter readings were proportional to
the field mtensity of the received signal The
moving element of this meter 1s sufficiently
fast to follow the keymng of the range and
thus provide a record of the accuracy with
which the course was flown as well as the rapid



changes of held ntensity 1n the vieimty of the
station  As an additional check on the prog-
re~s of the ship over the station, frequent
reference was made to the drift indicator with
which NS-62 was equipped

FLIGHT TESTS

On the flight {rom Washingten to Knosville
the ranges at Gordonsyville, Va , Roanoke, Va,
and Biistol, Tenn , were giien a routine check
for distance range, course almement, and cone
of wilence characterstics to provide a busis of
comparson for the Knowville station The
1anges at Gordonsville and Bristol were oper-
ating with carvler transmitted from the center
towers and single side bund fiom the coinet
towers while Roanoke was 1n regular four
tower operation The cones of silence of all
of these 1anges were sntisfactory, and no sig-
nificant difference hetween them was noted
Howcver, 1t was observed that Gordonsville
and Bristol had approannately three times as
great a useful distance 1ange as Roanoke
probably because of the <mgle side band type
of transmission employed

On the mitial flight at Knoaville 1t wa-
discorered that a peculiar course condition ex-
wted within a 3-mule radms of the slation
The cour-es appented to bend o change di-
rection abruptly i this aten so that it wa-
very diflult to pass over the stalton when
flying by 1adio alone without refercence to the
ground  This effect was most sesere on the
south leg which Tres over the airport and 1~
parallel, for a short distance, to the Louvilie
& Nashville railroad trucks, which pass (he
site withmn 200 fect of two of the (owere  Ad
a point about a mile from the station the
track- cunve to the =outheast and the cour-e
appeats to follow this curvature for a short
custance and then to confinue on 1n a4 noimal
radral direction from the station  The abrupt
changes 1n the direction of this cour-e were
unaffected by the almement of the otle:
courses and ale believed to be caused by the
tracks, particularly 1n view of the fact that
conrse bends hate previously been noled un-
der similar circumstances atb other locations

To determme the effect of course alinement
and mode of operation upon the cone of silence,
checks were made under the following condi-
tions

1 Normal simulianeeus operation

2 Normal comse alinement but wth the cen-
ter lower detuned and modulation ap-
plied o the coiner lower transmitter as
m nonsimultaneous opelation

3 Simultaneous operation with reciprocal
courses and $0° course separation

4 Modunlated operation as mm 2 bul course
almement asin 3

These fonr conditions are repiesentatis e of all
of the possible operating conditions of a 1ange
of this type, and the tests were designed to show
the degree of miprovement wlich could be
brought about by means nnder our control that
1 changes 1n adjustment of the equipment

T hese tests could ser e only as a negatine inda-
cation of the cause of the dufficulty 1f 1t were due
Lo the ter1ain, countel poises, or other conditions
which could not reacily be changred for purposes
of experiment  However flight te-ts were also
carrled out on the Roanche tange wlich was
nal equipped with counterpoises, in o1der that
then effect might be determined by comparison
The fests av Roanoke were uecessarily carrud
oul during notial operution as this range was
performing satisfoctonly, and wos serving the
Allways al the time

RESULTS AND DISCUSSION

The results of the fhight tests wilth the auto-
matic lecorder ate buefly summarized m the
average curves shown m fgutes 1 to 6 which
wete plotted from the chart recoud-

The curies of figures 1 und 2 wele plotied
from data 1aken under the first wnd wecond sets
of conditions described under * Fhght Tests’
Comparing them 1t 15 seen that no particulax
mmproiement results from changing from si1-
nmultancous to moduloted range operation In
case 2 the area m which the fade oceurs 15 some-
what wider than 1n case 1, but the build-up 15
not as abrupt nor 1s there any appreciable dif-
ference between the two as regards the ratio of



maximum surge to minimum fade signals, both
being approximately 3 1 Since the regular
course almement at Knoxville involves & depar-
ture of 20 degrees from reciprocal bearings on
one pair of courses, the observed cone of silence
characteristics under the above two conditions
may be considered as not deviating greatly from
what would normally be expected It 1s well
known from past experience as well as theory
that course bending tends to reduce the size and
change the location of the cone of silence

The curves of figures 3 and 4 show the 1m-
provement which was brought shout by estab-
Lishmg recrprocal bearing relations between the
courses. Here ngnin there appears to be no
significant difference between the cone of si-
lence characteristics as obgerved duwiing modu-
lIated and smmultaneous operation The ratio
of maximum surge to mimmmum fade signals
15 approxmately 10 1 1n each case which 1s
better than a 3 1 improvement over the nor-
mal almement case It 1s seen that the curves
of figures 3 and 4 compare favorably with
those of figures 5 and 6 which were taken at
Roanoke during normal operation, and are
considered to be fairly representative of an
nverage normal cone of silence characteristic

It wounld appear from these results that the
poor cone of silence which was originally ob-
served at Knoxville was due entizely to the n-
1egular course almement However, this 1s not
considered tobe the crse, as even under the 1deal
course almement of conditions 3 and 4 1t was
found to be difficult, 1f not impossible, to hut
the cone of sulence when flymg by 1adio alone,
becnuse of the previcusly mentioned bends in
the courses near the station  These bends were
present under all test conditions at Knoxiille,

and 1t was necessary In every case to make fre-
quent reference to landmarks on the ground
m order to pass over the statton It 15 beheved
that a pilot making a 1outme check of thig
range would have difficulty 1n flying over the
station, and would attribute the difficulty to a
poor cone of silence rather than to the exist-
ence of bends 1n the courses

CONCLUSIONS

' Tt 15 believed that while the cone of silence
at the Knoxville range 1s a poor one, yet 1t 1s
what would be expected under the course aline-
ment employed here  The condition 1s aggra-
vated by the presence of the severe bends n
the courses near the station, which 15 consid-
ered to be more serious than the poor cone of
silence 1tself

Unfortunately, there 1s little that can be
done to remedy the situation at the existing
site If the course alinement were changed it
would be possible to bring about an 1mprove-
ment 1n the cone of silence, but thie would not
rectify the more serious condition of bends 1n
the courses  These are undoubtedly caused by
the 1ailroed tracks and the nature of the ter-
1amn 1n the viamity of the station, and an 1m-
provement could ouly be effected by relocating
the station The nse of counterpoises and the
simultaneous mode of transmission 1s believed
not to enter mto this problem at all

It 1s concluded that bent courses and mul-
tiple courses are caused by rough terrain,
railroad tracks, power lines, and other ex-
tended metallic objects as well ag by reflection
from mountains and that 1adio range sites
<heould be selected with these factors firmly m
mmd
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