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SUMMARY 

This report corem the resnl& of fight tests 
on the Knomlle, Tam, SMRd r&o range 
statIon to detmmme the cause of the pecuhar 
c”ne of s&me charactemtm winch had been 
observed at this ststmn Included with these 
results are scnne obsematlons made at other 
range statlom along the Washmgton-Xaslmlle 
a1rmay for purposes of cmnpanson ‘lhm 
work x-as m the nature of a contmuatlon of 
earher ground studm can-led on at Knoxvdle 
pnor to commss~omng, and rras mtmted as 
the result of reports from the Second Au-way 
Dlstnct patrol pdot to the effect that the 
Kmxnlle range had no cone of &me 

The tests herem described confirm this M- 
port and m&&e that the ticulty 1s due prm- 
upally to the non-rec~prwal or <‘bent’ course 
almement v+uch 1s requmd to serve the mr- 
ways at ths pomt Probable contributory fac- 
tors are the rough character of the terram m 
the Knoxnlle area, and the close proxumty of 
the antenna towers to mdroad tracks whch 
run medmtaly adjacent to the site It E 
concluded that, m the s&&on of &es, factors 
such as rsllroad trwh, power lms, and rough 
terram should be taken mto conslderatlon m 

4 order to mold bent and multiple courses 

INTRODUCXION 

The Emxrdle statlon was the frst of the 

new smultaneous mnge and broadcast statlons 
to be mstalled for semce operation on the Fed- 
eral An-ways At the tune of Its mstallatlon It 
differed too from other ranges in that the toner 
radmtors ~lrere equpped mth counterpom sys- 
tems desIgned to mmunnw varmtlom 111 an- 
tenna capmty and to promde Improved course 

I stab&y Pnor to the comm~monmg of tixs 
statmn VI Nowmber of 1936, ~xtensm ground 
tests we& carned on to determne the effectlre- 
ness of the cmnterpoms, and to check expen- 
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mentally the effst of c”urse tmdmg where a 
tuned centa tomer IS mvolved, KY LS the cm at 
all smultaneous t>pe ranges The results of 
these tests mdxated that the counterpow sys- 
tems practmlly elmmated -anatIons m an- 
tenna capmty Also, no d8iculty was en- 
countered m securmg the dew-ed course ahne- 
ment by con, entlonal methods ahlch checked 
mth conclusions reached through theoretmd 
comderatlons, that the effect of the center 
tower on the dmctlonal field ~b small 

All of the mformatlon nrallnble as a result 
of the ongmal gr”und tests mdxated that en- 
tml> normal opemtlon mlth greatly mprored 
stab&y could be expected fiom the Knomzdle 
lange Shortly after the statmn WILS c”m1s- 
smned. hoaewr, the dLstmt patrol pllot re- 
pmted that he could find no ““ne of s&me 
“rel the statIon although m other respects It 
was “peratmg satlsfactorlly mth all coumes 
allned m accordme wth p&h&d bearmgs 
Smce the Bureau antmpateq the mstallatlon of 
a large number of statlons smllar to the one 
at Knom~lle, It was consldered desmable to m- 
Testlgnte tills condlt1on more fully In order to 
determme whether or not It mss brought about 
by the type of tmnsmmlon employed or bp 
some peculmty of the qupment Accord- 
mgly B fight was made to Knozzdle mlth zur- 
plane N%62 on July 6, 1937, to carry on this 
ulrestlgstlon 

APPARATUS 

In order to check accurately the c”ne of 
silence charactenstm at Knoxr1lle, an 

Esterlme-Angus recordmg mllmmmeter was 
connected m the output of the amraft remlver 
5” that meter readmgs were proportional to 
the field mtenslty of the recelred signal The 
movmg element of thm meter 1s miiicmtly 
fast to follow the keymg of the range and 
thus provide a record of the accuracy mlth 
ahxh the mui-SB was flown as ~41 as the rapld 
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maxrmun surge to mmmnun fade signals, both 
bemg approxlmetely 3 1 Smce the regular 
course almement at Knoxnlle mvolres a depar- 
ture of 20 degrees from rec~procsl bearm@ on 
one pan of c”urse9, the observed cone of silence 
cbaractenstlcs under the abore two con&tmns 
may be consldered as not denatmg greatly from 
what would normally be expected It IS well 
knom from past expenence as well as theory 
that course bendmg ten& to reduce the sue and 
change the location of the cone of silence 

The curws of figuw 3 and 4 show the ux- 
provement ablch X\BS brought about by es-tab- 
1Lsbmg reaprocnl beaung relatmns b&Teen the 
~our~eb Help ngam there appears to be no 
slgmficant d&rence betaeen the cone of ~1. 
lence cbaractcnshcs as observed dung modu- 
lated and simultaneous operation The ratlo 
of m<~xunum surge to mmm~~um fade signals 
IS zpproxnnately 10 1 m each case mblcb IS 
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 xntb 
those of figures 5 and 6 wbxb wei-e taken at 
Roanoke dnrmg normal operation, and are 
consIdered to be fan-ly reprexntatwe of an 
nrerage normal cnne of sllencc cbaracterxtlc 

It would appear from these results that the 
poor cons of silence vblcb was ongmally ob- 
served st Knoxnlle was due entnel3 to the 1~ 
legular tours almement Howerw, this 1s not 
considered tobe the tax, as even under the Ideal 
course allnement of condltlons 3 and 4 It WL\ 

. found to be d&ult, If not nnpowblr, to hit 
the cone of sdence when flymg by l&o alone, 
becaus of the prevlouslg mentIoned bends NIL 
the rours~ nenr the statlon These bends mere 
prevent under ull test cnndltlons at Knoxr I&, 

and It rras necessary m ereq case to make fre- 
quent reference to landmarks on tbe ground 
m order to pw over the statlou It IS b&end 
that a pdot makmg a loutme check of tbls 
range would have dficulty m flymg over the 
statIon, and would attnbute the dficulty to tl 
poor cone of sdence rather than to the en& 
ence of bends m the courzas 

CONCLUSIONS 

It 1s belle\wl that Nblle the co,,e of silence 
at the Knoxrdle range IS R pool one, yet It E 
xbat nould be expected undei the course alme- 
ment employed hem The con&tlon 1s eggra- 
rated by the pr~~ence of the severe bends m 
the courss= near the statIon, nblch 1s wnsld- 
wed to be more ~~1”“s than the poor cone of 
silence l&elf 

Unfortunately, there 1s little that can be 
done to remedy the sltuatmn st the ex&ng 
ate If the course almement wcere changed It 
would be possible ta bnng ahout an noprove- 
rued m the cone of silence, but tbls would not 
rpctlfy the more serious condltmn of bends m 
the c”urv~~ Tbev ai-e undoubtedly cnused by 
the ~nllroad track\ and the nntnre of tbe ter- 
lam m the nmlty of the statmn, nnd &II n- 
p~owment could onl: be effected bg relocatmg 
the statmn The “SC of counterpoxz and the 
snnultaneous mo& of transmlw~on 1s b&wed 
not to enter mto this problem at all 

It 1s concluded that bent courses and mul- 
tlple ~““mes are caused by i-ougb terram, 
radroad tracks, pow1 Imes, and other ex- 
tended metallic ob]ect- ns well w by reflwtlon 
from mountams and that ladlo range s&s 
\bonld be velected nlth theso fncton firmlv m 
mmd 









figore 4-Vardwn in srpal strength flpg 3.003 feet above KnoxwIle, Tan, radm mange-north to sooth-nonslmultanmus range operatron 
wth all courses separated 90’ 



Fwre 5 -Vsnatmn I” swnal strength flym~ 2,500 feet above Roanokc, Va, radw range--south to north-noni,mu,tsneous range 




