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Cmmt Design for Low-Frequency Radio Ranges 

bUMnlARY 

‘hs lcpol t p1cscnts a dlscu8bl”rr of ale cu- 
cut lheory mvol\~~d 11, the de~lgn of the radio 
lange couphng system, and a descllpllon of the 
eqmpment employed m the latest type of radx- 
range stotmn Pnrt1wlur cmphas1s 1s laid 
upon the theoly of the couplrng system bw now 
It 1s the most unportant part of the rntlrr 
eqwpmenl, and also becauqe 11s fun&on 1s pn- 
haps the least undelstood by Ihow vho do not 
hair drcc t Lontacl xuh the problems of rndro 
~ungc “prrullon Some of the throl rtlal uorh 
IS UC”- as far &S the 11terature on the sub]‘Lt 1s 
concerned nod the rcwlts are plesentrd here 
far the filst tune m pubhshed form 

INTRODUCTION 

Kxpcrwnco gamed with the ruhcr forms of 
rqulpmrnt has pomtcd the \,ity to man>- XII- 
provcments m dwgn and methods of opela- 
tlon It has, howcvcr, been mlpowble m most 
rnscs to 1ncorpornte lmpro’ed dcslgn iexturee 
,n cvutmg equlpmrnt althout complctcly re- 
b,uddmg It 
-- On July 1, 193i, Ihe Bureau of Au Commrrce 

‘i cntcred upon nn rxtensnTe pr”.~am of nuu ay 
modcrmza tmn nnd conslructlon, mvolvmg the 
procurement of approxmxMg “nc hundred 
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,rts of rndl” 1ange equipment An opportumty 
wns thus affolded to specify and obtnm com- 
plete eqmpmrnt for each stntmn, the component 
pai-ts of rhlch were deslgned for coordmated 
“patIon with each other This mrolred a 
dewable departure from former procurement 
procedurr uhwh, hecause of hnuted finances, 
reqmred that onlv R few ltcms of eqwpment be 
purchased at n tune as the need for them arose 

In spcclf3 mg the electncnl chnrsctenstlcs of 
the eqwpment for the new statlone, R number 
of nnportnnt chanqes from paqt practlrr have 
been medr These changes result m R snnph- 
fi(atlon of the adjustments necessary for the 
tumng process, and the ahpnment and qtablhzn- 
t,o,r of the courwq ,We ~111 dlsruss here the 
gtwwil theory of oprlrttlon of the new equp- 
mcnt \\Ilhout, howerrr, entermg mt” a com- 
prur,t1\r 4111dv of ihe nll~anntn~rsof thrnewover 
rh 11111 

GENERAL DESCRIPTION AND PRINCIPLES OF 
OPERATION 

Iri hlg 1 15 qhonn n polar dlngrnm of the dls- 
1 ~lhut~o~, ot elect~omngnrl~c field mtrnslty 
:Lb”lll <I J”III-COUISP RITLYBT red10 rnllSc f By 
tirll,smlt(lllp 0,~ two figure-of-e&t patternb 
nlt>r~lnnlrlr, and beyng one n Ith the M”rsr - 
clmnclw A (-1 and the other \rith the char- 
acter X i- ) m such n way that these comple- 
,,,cntnrr signals mtcrlock, It 1s posslhle to make 
n dwcc~ awn1 compwson of the recewed mten- 
s,t,,ri of the two slgnnls In flymg the range, 
Lhc pllol follo\\s the cowse defined by thr 
cqu,slgnnnl lme pnssmg through “no of the Inter- 
SKtlons at the held pattcrns Dennt~“” to 
right “1 left of the cow-w 1s mdxated by pre- 
dommancr “1 one or the other of the A oi- It 
slgnrtls 11’ the headphones When on COIIISC, 
a contmuous unvarymg tonr 1s heard, mter- 
rupted only by transnusnlon of statmn Identl- 
huttlon ~lgnsls at 24.second mtervnls The 
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tdentlfimtlon signals are also transmitted once 
m each figure-of-clght so that the ratm of thcu 
mtensltles 1s the same as that of the A-Nsqnnls 

Theoretvxdlr the COUPSPS are defined bp the 
equlslgnnl hnes n hvzh are conrelved as havmg no 
width Actually, because of the malxhtv of 
lhc human ear to detect change? m wgnal 1~1 cl 
of less than about 0 5 decibel, the ‘ourses appear 
to haye a Cnnlte mdth of approxnnatelv 3 dc- 
grees undrr Ideal condltlons In mountnmoos 
countly It 13 not powble to r~abze the Ideal 

Rad,o Range 

perfqrmance whxh may be obtamcd from rodlo 
mqges @cated III level terrnin ltrflectlon of 
enqg~ from large vert;cal obstacles, such as 
bantams, distorts the rndlatlon pattrms so 
that they may mtersect at more than one pomt, 
4, thus produce multlplc courses This IS an 
e&rely natural phenomenon and 1s not to be 
asgoqm$ed m any wiy TV@ malfunct~onmg of 
the eqiupment &elf 

Two types of antenna sSstems nrg m current 
use at #the ~arux~s racho ranges: both of which 
have the d,r@or;al characte&cs dlustrated 
III Fig 1 : One of,$hhese consists of two crossed 
loopa n&rsectmg at then centers 171th then 
planes at right an&s, The other IS the mod&d 
Adcock antenna, the present vermon of whxh 
consists of four vertlcsl steel tower rachators 

symnietncally &posed at the corners of a 
square, and exclted from a centrally located 
transnntter Smco the loop system 1s subject 
to severe course swmgmg dwng Ihe hours of 
darkness, It has been largely superseded by the 
Adcock system xhlch LY free from this defect 
Accordmgly, m this report, we shall lmut our 
dlscnsslon entirely to those ranges employmg 
the Adcock antenna systrm 

The smmltaneous range and broadcast sta- 
tlons require, m ad&Ion to the modlfied 
Adcock system, a fifth central antenna for the 
transmlsslon of carrier energy and speech A 
dlscusslon of the operation of tlus t>pe of range 
has been gxen elsewhere 1 and ~11 not be 
repented here Hen-ever, thp contents of this 
report ~11111 apply equally to &her the smn& 
taneous stotlon or to the older type of rango 
hecause there 1s no fundamental dlfferenw m 
the cuxult arrangements between the two 

1’71th the mod&d Adcock system, a sym- 
nwtncal figure-of-eight field pattern 1s radiated 
when two duxgonally opposite antennas &i-e 
cvuted m such a way that thew currents are 
equ~-1 m magmtude and 180” out of phase If 
the phase differs from 180°, wtlnn certam 
hmlts, the pattern still retams the general form 
of the figure of glght, but becomes unsymmetn- 
cal wth one lobe larger than the other If all 
four radiators of the system are excited slmul- 
tnneously, a figure-of+ght pattern 1s produced 
the axe of u hxh assumes a posltlon wth respect 
to the radiators dependent upon the relative cur- 
rent amphtudes 111 the two diagonally opposite 
pws By makmg the proper adjustments of 
the phase between opposite radiators, the rela- 
twe currents m dugonal pans, and the ratio of 
powers supphed dung A and N transmwons, 
It 1s posslblo to produce, alternately, two figure- 
of-eight patterns at right angles, whxh Intersect 
on any arbltranly assigned ahgnment of courses 
TIE 1s illustrated m Fig 2 

In Fig 3 IS shown a slmphfied schematuz 
diagram of the couphng system x~use at the new 
radio range statIons Let us trace through the 
operation of the system, consldenng separately 
the fun&on of each Item of equpment 

Startmg at the output ternunal of the trans- 
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mutter, the first element of the coupling crcult 
cucountered 1s the hnb clrcmt r&y The fuor- 
tmn of this r&v 1s to switch the r&o-frequency 
output of the transmitter from one gonlometer 
prunnry to the other In physlczd construction, 
the r&y IS of the polar type, deslgncd for rapId 
change-oler It 19 energized by an automntx, 
motor-drwon keymg device not sho\m on the 
dlngram In operation, the armature mopes to 
the left contact and remams tbero during the 
dash of the letter N, then to the right contact 
mltkmg the dot of the letter A, back to the left 
to make the dot of the N, and finzdly to the 
right to mnko the dash of the -4 after which the 
entre sequence 1s repeated In order to obtnm 
a smooth mterlock of the two signals, the relay 
contacts are adlusted so that no appreciable 
gap occurs m the sequence of operations 

v IICIC Me IS the mutual mductxncc at rna~muo~ 
c ouplmg, and C 1s the angle brtxeen thr pw 
rnaly w-mdmg under conslderxtlon and #l sec- 
ondzry wmdmg For the other pruna~~ wmd- 
mg wyr have, of course, 

~f,‘=M, sm G for Sccondav #I 
M2’=N, cos G for Secondary #2 

If energy I$ Jpphed to the iV or left prrnary, the 
\oltagc apphcd to tbc transmlssmn hnrs to 
antennus 1 and 2 ndl bc 

xhdc lhat apphrd lo the lmes to antennas .i 
and 4 ~111 be 

E,,=E,sm G 

I 

If 

l’bc Iesultmg field pattern, assummg all lmes 
;o be of equal length, and proper adjustment 
)f the antennas, would be R symmetrxal figure 
)f eight with axis mclmed at an angle G to the 
me of antennas 1 and 2 With energy appbed 
~0 the other prunary WC uould have 

&‘=Ex sm G 
E,,'=E, cos G 

md the field pattern would be ldentlcal to the 
irst except rotated by 90 degrees m space 

The courses produced by this arrangement 
would be 90 degrees apart and ahgned at 
mgles of 45 degrees & G to the dmgonal tower 
~rne? It IS obvious that rotation of the gone- 
xneter wmdmgs through a given angle ~111 
rotate tho range courses through the same 
rnglc under the abort outlmcd condltlons 
l!bc L pad conmcctcd m one of the prunary 
xi-cults IS “scd to regulate the relative power 
lpphed to the pnmanes, and thus control the 
rclatwc field mtonsltlcs of the figure-of-clght 
patterns Its use IS avoided msofar as lb 
practicable, but It 1s essentxd m securmg so- 
:alled squeezed courses 





The ?r sectlo” artlficml 11”~s mbcrtcd I” the 
clxrnt betwrn the gonmmeter secondn~~ awl 
the real 11°F $11 c ad]“stnblr phaw shlftmg 111% 
\\ arks, end itrr used only rhcn tbc cow SC id~gn- 
mcnt 1equ1rcs Ihal oppos1le towelS operate ilt 
ph~sc differences of other than 180 degrees 
The 1ea1 trnnsmlsslon hnes wl~uA~ dehver energy 
to the antenna cncuts are of the corrrerrtrlc 
conductor >-R.rlctF and RX usunllp buncd 1” tbc 
ground 

The antenna tunmg umt eonasts of a loadmg 
mductnnce to adjust the resclnnce of the 
antenna crcmt, and a vnrlablr couplmg trans. 
formel to match the antcrmn mpednrxe to that 
of the 11°C Provlslons WC mndc for vnrylng 

small cha”gcs I” ante11na ulpac1t.y The prob- 
lem presentrd by- this rrcumstancc formr the 
tras~r for t>hc dw ,,sY,o,~ 11, tlw Eollow~ng sectIon 

THEORETICAL ANALYSIS OF RADIO RANGE 
CIRCUITS 

It has been pomtcd out thnta the locallo” of 
the conrses ema”ntmg from n radio range dc- 
pads “po” the phnsr and amphtude of the 

currants floumg I,, the I~~~IOUS raduxtmg ele- 
ments of the antenna system In gcncrnl, then, 
lt IS to be evpcctcd that \nluxtlons m a”tennn 
constants ~111 alter the estnbhahcd current lels- 
tlons and thaeby cause x shift 1” thr posltlon 
of the causes It 1s obrlously unposs~ble to 

P”1 

the lesctance of the pl”nary wmdmg of the 
transformer bJm ~“enns of n scrws variable con- 
denser, and for rererslng the phase of the m- 
terma cmlat by rotatlo” of the secondary 
wmdmg to clthcr sldc of tbc zero couphng 
posltlon 

The radlatmg clcmcnts of the rrlodlfied Ad- 
cock arlterma a1 e msulate& self-supportmg steel 
tom em, 126 feet 1” tmg11t At the frequencies 
employed (Zoo-400 kc ) these towers have a” 
cIc&r”al length of only 9’ to 18’ and nro 
equvalent to a lumped capacity I” se~los with 
a reslstnnw The total rcsxtunrr of the an- 
tenna cxcut, exclusive of the loildmg cod, 1s 
approx”“ateIy 1 5 ohms The equwJent 
lumped capnclty of the towel 1s approunately 
845 m~lonucrofarnds At 300 lidocyclcs then, 
the impedance of the antenna 1s 1 5Q629 ohm? 
It 1s evident that If the reactwe component of 
this “npednnw 1s rcsonatcd by moans of the 
Ioadmg cod 1” the tunmg umt, the resultant 
nnpednnce of the clrLl”t ~111 vary wdcly for 

prevellt small r‘lllntlorls of the e1ec111ca1 con- 
stzlnts oi any pruct1cul nnterma sgstem wl”& 
IS sublcct to the eIIecls of changmg aeather 
and grouud condltlons However, It E possible 
by mwtns of spennl arcut ntrangcmcnts to 
mmun,~e the effect of nntcnnrl dctunng upon 
course a11gnment hncc t11csc cllcu1ts com- 
pl~se such a” unpol tunt part of the rsdlo range 
couphng system, arld perfor” such an essentud 
function, they ~111 be rIwxssed here at eo”,e 
length 

In F,g 4 IS shown a schomatlc dla&qzun of 
the traxmlsslon Imes and antcnnn tumng umts 
mvol~ed I” supplying pox-or to a pan of dlctg- 
onally opposite antcnnn towers Jn thl? dm- 
grsm, tt1c clcctllrnl conslnnts of the towers are 
~cprcscnted by the” lumped clrcut eqwalents 
In M hat follow ,~e ~~111 first ldcnhzc the trans- 
rmss,o” lme and couplmg transformer pr”nary 
by nssun,“g that the io~mer has no nttenuatlon 
a”d that the Iattel has “o rcs~stnrrco F’or &I” 
cffic1ent rouplmg system, ttmc nssllmptlons nro 
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IustZied, and lead to results which are u. wry 
close approxmmt~on to the truth After ~llw- 
tratmg the theory under these assumptions, 
lhe effects of arcmt losses on the system ad1 bo 
considered We nlll adhero to the USC of the 
followmg symbols for deslgnatlon of the most 
Important elcctrlcal pammeters, and wdl mtro- 
duce and define addltlonztl symbols m the 
text as the need anscs 

8=Electncal length of transnusslon h”e 
Z,=Character&c unpcdance of tlansmls- 

810” 11ne 

&=Dnvmg pomt impedance of transrns- 
SlOJl 11ne 

Z,=Self unpedancc of prunary clrcult 
Z,,=Total Impedance of prunary clrcult (self 

u”pedance plus reflected Impedance) 
&,=Mutual Impedance between gomom- 

eter w-mdmgs at mnxlmum couphng 
Zp,=Impedance of gonlometcrpnmsry #l 
Zpz=Impedance of gomometerprxnary #2 
Z,=lmpedancc of secondary cncult 

E~=Transmwon lme dnvmg pomt voltage 
E,=Voltnge apphed to pnmnry cumut 
I1=Cumnt 1” primary c1rcult 
I2=Cmmnt L” secondary or antenna crcu~t 
I,=Trans”ussmn hne dnvmg pomt current 
q=Phase angle of antenna clrcult 

At the couphng transformer of nntenna A we 
h avo 

E,=IIZ,+I,zlr (1) 
o=I,.%z+I,~, 

from mluch 

In our notatlo” the voltage at the sendmg end 
of the transrmsslon hne IS given m terms of the 
recewmg end voltage end current by 

E,=E, cos e+g,z, 81” e (4) 

KJslng (2) and (3) I” (4), VW obtam for the trsns- 
for impedance relatmg the antenna current to 
the hne sendmg end voltage 

&,=~=Z. cm e-~(z,cose+3z.sl”e) (5) 

From mspectlon of (5), It may be see” that 5,s 
wdl become mdepcndent of the nntonno un- 
pedance is, If we make 

z, cos e+jz, SLU e=O 

Solving (6) for Z,, we obtam 

(h) 

z,= -go tan 8 (7) 

or, since we are “eglectlng prunary 1es1stancr 

and 

x,=-z, tan e 

z,2=jxn cos e (8) 

By satlsfymg equation (i), we wtabbsh II 
constant-voltage constant-current rrlntlon be- 
tween the sendmg end of the hnc arid the 
antenna cxcult Tho hne and couphng eqmp- 
ment may then be looked upon as compr~ng 
o. mod&cat~ou of one of the networks ltssocluted 
nith the name of Boucherot, the propcrtles of 
wluch are well known It may bc shown from 
the theory of Ideal transmalon hnes that the 
renctnnce --Z, tan 8 1s exactly the amount 
requred to tune a short cmxuted hne of elec- 
tncsl length e to series rcsommce This fact 1s 
made use of, es we shnll describe, m the prac- 
tlcal adjustment of equipment m the field 

, 

Equation (7) represents a physxally w&x- 
ble condition exwpt for 8=90° m which CXSP 
an 1nfimte value of pnmU-y clrcu1t reactnncc 
would be required I” practice, however, the 
electrxal lengths of the transmission lmcs are 
always suffiaently removed from go0 to pre- 
tent such a difficulty from arw”g Suppose 
now that the prm~ary reactance at AntzlLna A 
m lGg 4 IS adjusted to equal --z, tan e 
Then m the tunmg of the autenna crcult IS 
vnned, the ratio, remnms constant as gwcn 

12 
by 8 Smce the voltage E, IS common to the 
transrmss~o” hnes to both chagonal antennas, 
the ratlo of the currents m the two antennas 
remains constant Thus If the pnrnary cuaut 
at each of the four antennas IS adjusted m 
accordance with (71, the cstabhshed phase and 
amplitude relations of the currents m opposltc 
pars will be preserved eve” though the anteunas 
may become detuncd by random ritrmtlons m 
capaclty or resistance 



In addltlon to satlsfymg (7) at each antcnnr 
tumng ““a, it 1s desirable that the total “nped, 
R”W presented by each prunary cxcut shouk 
be adjusted to match the hne mpedance ” 
order to obtam a” e&lent transfer of power 
nnd ehmmate standmg wax-es from the line 11 
may be shown from (2) and (3) that the tota 
pr”nary “npedance 1s grc” by 

ZIZZ 
Z,,=Z,-~ (9: 

ahlch 1s equmlent to 

.%,=&ZfX22 32EL+,(x,-R~~;~~z 
J (10: 

Smce the charnctrnstlc rnpcdancc of our hne 1: 
n pure rewstance, It 13 reqwed that 

If ne dehnc the phrtsc an& of the antenna 
c1rclnt as 

*=t x* all-’ - 
R2 (13) 

WI rrmy rmJr1lc (11) and (12) US 

J-WL X,,- 
cm 0 (11 1) 

tan +=-tan0 (12 1) 

wln~h nlr the c”xult relations nhlch must 
obtnm I” 0, dor that the hne mpcdance ~111 be 
mntched 

I” applymg the results of the Ioregolng 
analysts to the actual adlustment of equipment 
1” the held, It 1s only necessary to carry out 
the followng ample procedure 

After the transmlttel 1s adlusted to operate 
on the assIgned statIon frequency, each wmd- 
mg of the gomomrter 1s carefully resonated by 
means of the series vanable condenser provided 
for this purpose Kext, the sending ends of the 
transm~sslon h”es we effectwely short-cncmted 
by a reslsta”ce of one ohm or less, and a small 
radio-frequency voltage IS apphed (LWass this 
resistance With the antenna crcut opened, 
the condenser 1” series with the transformer 
plunary at each antenna tumng unit 1s ad- 

lusted untd i-emnnnce of the entlre tlnnsnussmn 
hne 1s mdxatcd by a thennogelvanometer m- 
serted m sei-10s wth the pnmary wmdmg 
Smce this ad]ustme”l 1s made to sntlsfy (7), It 
IS clear that If art&ml hnes are to be used 
they must be mcludcd “1 the crcut at the tnnc 
of the ad@ment Without dlsturbmg the 
setting of the prxoary condenser, the antenna 
clrcut reactnncc and the mutual mductnnce 
of the transformer ltxe next adpskd so that 
the Impedance prcsrnt,ed by the pr”nnry 
matches the chnrsctcrlslx “npednnce of the 
transmlsslon hne This estabhshes the clrclut 
condltmns speafied by (11 1) and (12 1) Dur- 
mg the antenna tun”lg opcratlon, all of the 
tow-en except the one under ndlustment should 
be gronnded 1” order to avoId the effects of theu 
mutual “npedances Whde thm procedure 1s 
recogmzed as bemg not strictly correct, It does 
not result I” any sermus mlsad@ment I” 
the present case and 1s recommended for Its 
3mlpl~clty 

Aflcr the tm,mg plocedw has been com- 
pleted, the gon~onwte~, artlhcud hnes, and 
,OUPSC hh111g pad “lay be nd]usted to pre- 
v~ouslg calcuh&d wttmgs to wcue the dewed 
;0,,1sc nllgolncnt L’lw method oi maa 
thcsc cnlculatlons 16 well know”, and wdl not 
oe described here It may be sad, however, 
ihat ray accurate results may be obtamed, 
md the t”ne requred to ohgn the courses re- 
luced to n m,“mmm If tho calrulatlons ale 
xrefully made and apphed 

It must be mentamed at tbs pomt that when 
:7) 1s sahsfied, ve are hmted to operatug oppo- 
iate antennas at a phase difference of exactly 
180 degrees, ante the tla”sfer mpedance Eve” 
,y (8) 19 &pure ~rn~ggmary~ mndxatmg 00 degrees 
,hase dkference betw-ee” hne voltage and nn- 
;cnna current Under this condltlon, course 
Lgnments would he restxted to those 1” which 
,pposlte co”mes are 180 degrees apart If 1t 1s 
lesned to depart from tl”s reciprocal bearmg 
~elat10” l” cot”-SC ahgnment, opposite antennas 
nust be operated at phase differences other 
>han 180 degrees 1” which case It 1s “nposslble 
.o satisfy (7) The transfer mpedance Z.z ~11 
10 longer be Independent of antenna tuomg, 
md It 1s to be expected that varlatlons 1” tower 
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constmts ~111 alter the phase of the antenna It has been panted out that for gomometer 
currc11ts and thorcby shift the courses For settings other than 45 degrees, the degree of 
this ~caon, It IS to bc emphasized that a non- coupe sblftmg which occus nhcn nn antenna 
rec~pr”c.d cou~scrtl~gnmcnt cnn only be ohtamed becomes detuned 1s a fun&on of the regulation 
by nn unstnblc udlustment of the cqwpmrnt of the porrer ioluce or tmnsmltt~~r Let us 
and IS lo be nwxdrd uherrver powble mvcstlgate the effect of nntcnna tumng upon 

Lrt us consAx now a radio range ad] wtcd 111 the vai-,“us nnpedances of the couplmg svstem 
xccordanrr wth the above outlmcd procedure in an effort to dcternune this functIona 
and 11a>mg n rec1procul lrllgrlmcnt of r”“rseS relatlonslllp 
Supposr the gomomrter to be set on XI” degrees It may bc shown from transmlssmn hnc 
bo thnt one pan of towels 1s cxclted only durmg throry that the Input nnpednnce to one of the 
the N and the othrl pn,r e\ated onlv dung the hnrs wdl be given m our- notation by 
A If one of the towers becomes dctuned let 
us sny one of those wh-hlch radlntos durmg the A-,, cos e+7z, Sill e 

A slgnnl the curlent m both of the A towers 
Es=%, ~ 

5, cos ~+j.z,, SIP e (14) 

~111 full off cqunlly v-lnle the current m the N 
towers ~111 be unaffected The field mtenslty- 
of the A lobes -111 bc rcducrd, and thr location 

Putt11 gZ,,=2,-~rwdl~tt~r gZ,=p@,tanF) 

of all of the coursc~ ~111 be shlfted Thla occurs 1 VJ~ “btan 
I 

It 15 to be noted that tho value of R, prwnd~n~ 
nt thr tnne when the antenna IS orlgmally 

ot th< unlxdancc Inrsrntell by the lmcs 
,i tuned governs the value of F,J H”l7WWr 

thrn amy “nc of the antennas becomes drtuned, 
nhen 2’12 1s once estabhshcd, It 1s not subject 

the cxrents must dlop equally m all four and 
to random varlahons smce Its v&e depends 

the course ahgnmcnt wdl be unaffecled 1t 16 
only on the geometry of the transformer Tho 

thus swn thst mxxnnum course stabAt>- 1s ob- 
type of antenna which we arc consldcnng 1s 

t.uned when the gonl”mPter 1s set at 45 deglws 
subpxt to rather large changes m capnclty 

nnd that nuy deprulme from tbls &tmg ln- 
nwmpnmcd by only \wry nunor vanatlons ~TI 

volws n sncr~tice m stnblhtr 
rexstrmcc Thelcforr, 11, what follow It ~6111 

In “I~FI that thr gomometcr may br set on be assumed thrill only the rcnctlve term of the 

45 dcgcr> the cow w ahgnment must bc knon n 
nnpedanw 3, 1s varlablc Substltutmg (11 2) 

m1or to the tune the toa crs me ClC&d so m (15) we obtam after some mnmpulatlon 

ihat they may be properly ownted It has 
been the pohcy to locate the towers for optunum 
stnblhty where7 er possible, and It IS therefore 
considered highly dearable that the orlgmally 
estabhqhcd course nhgnrnent> be adhered to II, 
order that this stablo condltlon may be 
p’esPr~-ed 

z, 
z.= 1 +j(tan *+tnn eJ (16) 

Equation (lb) g~vcs the Input nnpedance lo a 
angle transmlsslon hne m terms of the phase 

nnglc of the antenna mrcwt The nnpedance 
presented to the gomometcr secondary by the 



p’ = z. 
’ ’ 2+j(tm *+tan HJ (17) 

term m the plmmry cmxut as mhcntcd by (18) 
As would be mpectrd, when G=45” tlw t\ro 
prmmrms have the same m~pednnce under all 
condltlons of antenna tunmg 

The curve of l+g 5 ~llustrut~; the wny 111 
which nntcnna currrnt \-anes ultb antmnn 
tunmg under typml operatmg condltlons 
In p1ott1ng t1us curve from Rqunllons (18), 11 
wx4 assurnrd that G=O and 11~ ~rnpedame 
of the gerreratmg souse was 2~57~ of the 1x1. 
1naIy res1stanco of the gorrmrr1eter It 1s 
apparent that the hlglw the reslstancc of the 
antenna cncml or of the generatmg source, 
the more nearly the cmrent ~111 remam co,,- 
stant 1~1th changes m antennn rcwtnnce 

In the precedmg analysm, as was stated al 
the outset, the couplmg clrcults hare been 
assumed to be res~stancoless The rcsudts 
ohtamed under tlus nssumptlon are an accurate 
representation of the true state of affam ns 
Ear as mdmtmg the correct ad@rnent of the 
vu-LOUS clrcuts IS concerned It becomes 
necessary, however, to take account of the 
losses m the transmss~on lms, and the antenna 
couplmg umt prmnry cmxut III order to BI~WC 
at a quantltatwe estmnte of the degm of de- 
pendence of the transfer mpedancc E,, upon 
the antenna mpedance Z, 



In a practml system such as the one under dls- 
cuss~on, the followmg approxmatlons arc RI- 
wuays v&d 

X21> >R*, (24) 

S<l 00 

We may wlte then mth negllglble enal 

cos 6=1 0 (25) 

p-lIx’x” 
X,2 

Usmg (7), (11 l), and (12 1) III (25) mc obtam 
the 1esult 

p=sm H (36) - 

md from (22) me have 

cos b=sm e (2i) 

The nngles b and t3 arc thus ihown to be com- . 
p1ementary 

To the degtee of approxmol~on wh~cb we k 

ham-e adopted (23) reduces to 

slnh a= -I- tnn +1, 
2x1 2z, (25) 

RI 

. 

In arnvmg at these results, It hns born assumed 
that the actual couphnp clrcult 13 rtdjustcd so 
that (7), (ll), and (12) we samhcd The 
angle 0 1s the &ctncal length of thr rcol bur 
nhlcb would bo used rnth the couphng sysleln, 
as adjusted, to sntmfy (7) 

Consldemg non- the compomte mrcult formed 
by the real transmlsslon lme, the T se&on, and 
the ideal transformer coupled to the antenna, 
we wll hare for the transfer lmpcdanco 

Z,2=%gl cod1 r+: s1nb P (JO) 

n-here 

-. 

nz=mpedmce transforrnat~on [atlo for the 
Ideal transformer 

P=propagatlon constant for the compmto 
lme 

Smce from (27) the total electncal length of the 
composite hne 1s shown to be QO’, (29) becomes 

E,,=@‘, smha ‘32 coshcc (30) 
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that they were adjusted to satisfy (7) Let us 
conmder now the effects of departmg from (7) 
as 1s llecessaq- Ill securmg nonreclpr”cal ““UCSB 

nllgnlllents 

we Ulll BSSUlllC that "111 couphng transformer 
1s ndjusted so that Its transfer mpedxnce 1s 
glvcn, to 11~ degree of approxmntmn adopted 

z. Jh 

phase angle of the trmsfer mpcdnnw rcfenod 
lo the sendmg end of the lme 

s’=b+s 

&me x+e ale not now restncted bg (27), we 
must dctermmc the value of our transfer un- 
podance from (29) by msertmg 

r=a+jw 
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Waluatmg these at %r=O ahlch IS the propcr 
antenna tunmg for “111 tmllsf”rnler equlvalellt 
arcmt, WC obtilm sm~ply 

c 

.I> VOllld be expectrd, Pa< h of lhr CIITFeb pxssc? 
through R m,mmnm st hfB=90” nlnch IS the 
phase am& at 11 hlch (7 I IS snhsfwd It 1s Intel- 
estmg to notp that for b+O=SO” theumplltudc 
of Z,, IS ubsolntclv mdcpondcnt of q for vnnll 
T itnatlons, whdc the phase IS stdl d~pwlw~l to 
a sbght deg~cc on Y bccnuse of losse5 err the 
1111e nnd c011p11ng svstcm 

pronded m duphcnte RS n standbg measure, 
and to sunpbfy the saltchmg operations m 
cbxngmg flom “ne transrmtter to the other 

In the +wgrr of h qomnmctcr, on” of tlrc most 
unportanl con.ldrrltlons 1, tint of obtamlng B 
vdllntlnu of m1rtwd mdurience mltll 10tat10n 
ahlch approwmates ,ery &wly to a sunno~~nl 
funchon under opelntmg comhtloris In the 



Fqure S-Curve Showng the Rate at W’hch the Phase Between a Par of Antennas Changes a,,h the Phase 
of one Antenna Cncut 84 a Punchon of the Total Trsnsmlwon Lne and Termnuhng Network Phase 
4”gk Tho Cond,t,on BLB=900 18 Equwalent to (71 

nxth the further restnctlon that 

mutual mductanre at nmxmnm rouplme la 
been chosen such thRt the mlpednncc uppcanrr~ 
nt the pnmary termmals dunng normal opcrn- 
tmn 1s horn 50 to 200 olnns dcpendmg upon the 
operatmg frequencv It 1~1s bccrl dctermmed 
that this range of unpednn~cs pcrnnts efhcwnt 
loadmg of the transmlttcr and 1s optnnum for 
the reductmn of nrcmq al the contacts of the 
hnk c1rrmt relay 

The gomometer rotor 1s mounted on a ohaft 
nhch 1s supported at each end by ball hennn~s 
A large s~nle dlnl, nttached dxcctly to the shaft 
at the front parel, permits srttmg of tho 
gomonwter ulthm approximately one quxrter 
degree 



In selectmg transnusslon hnes for use at the 
new stations, ““1 thoorctmd ploof of tho “ffcct 
of attenuation upon con-s” stabdlty was the 
gmdmg pumple A further requmment was 
that the lme should have no external field, and 
should be adaptabla to mstallatlon under 



. 

c. 

Figure Il.-Front View of Two-Channel Simultaneous Range and Broadcast Transmitter. 
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Figure 12.-Front View of Radio Range Coupling Unit. 
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Figure 13.-Rear View of Radio Range Coupling Unit. 
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Figure K-Antenna Tuning Unit, Cover and Shields Removed. 

ground. The concentric conductor type of line 
meets both of these criteria satisfactorily, and 
has accordingly been adopted. In effecting a 
compromise between cost and attenuation, it 
appeared that the :/s-inch size of line was opti- 
mum. In physical construction, this line con- 
sists of a j&inch outer conductor of hard drawn 
copper tubing with IL wall thickness of .045 
inch, and a )&inch inner conductor supported 
concentrically by isolantite doughnut-shaped 
insulators spaced every 6 inches. The cal- 
culated value of characteristic impedance is 
68.5 ohms. Actually, because of the presence 
of the insulators, the measured value is 65.3 
ohms. The attenuation at 300 kilocycles has 
been determined by measurement to be 0.185 de- 
cibel per thousand feet, and the phase constant 
a,t this frequency is 115.0 degrees per thousand 
feet which corresponds to a velocity of propaga- 
tion of 0.955 times the free space velocity. At the 

older range stations, two-conductor parkway 
cable, having an attenuation at 300 kilocycles of 
approximately 1 .O decibel per thousand feet was 
used. The improvement in course stability rc- 
sulting from the use of the new lines as compared 
to the old lines may t.e seen by reference to 
Fig. 8. 

The antenna tuning unit shown in Fig. 15 is 
constructed in a weatherproof aluminum house 
and one unit is mounted nt the base of each 
tower upon a framework of steel angles. The 
loading inductance is continuously variable OVCI 

the range O-900 microhenries by means of taps, 
and an adjustable rotor coil. The coupling trans- 
former has a primary inductance of 200 micro- 
henries, and a maximum mutual inductance 
of 60 microhenries. The primary is wound with 
heavy litz to reduce losses to a minimum since 
losses in this circuit affect the course stability. 
The primary Q at 300 kilocycles is 350, which 
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corresponds to a resistance of approximately 
1.0 ohm. The variable primary tuning con- 
denser has a capacity of 0.001 microfarad, and 
a plate spacing of g/8” which gives it a peak < 
rating of 4,500 volts. Fixed condensers are 
provided to operat’c in parallel with the variable 
condenser to give a total continuous range of 
capacity of from 0 to 0.005 microfarad. 

* In addition to the antenna turling cquip- 
ment, each tuning house includes choke coils 
for tower lighting and a lightning arrester t,o 
protect the equipment in case the antenna is 
struck. The mct’hod of lighting employed is a 
single wire system in which the tower itself acts 
as the return circuit. The tower is effectively 
grounded by the lighting choke as far as power 
frequencies are conccrncd, but retains a high 
impedance to ground at radio frequencies. 

. . 

In choosing a tower radiator for radio range 
operation in the 2OOG400 kilocycle band, a 
number of factors must be taken into account. 
From the standpoint of radiation cfficicncy n 
very higlr tower is indicated. Howcvcr, since 
radio ranges arc gcncrally located in the vicinity 
of air terminals, t’he towers must not be so 
high as to constitute a hazardous obstruction 
to aircraft. Economic considerations are also 
a factor tending to limit the height of the 
antenna. As the best all around compromise, 
the towers which are used arc 125 feet high, 
and taper from a B-foot square cross section 
at the base to a l-foot square section at t)he 
top. The four legs of the tower rest on porce- 
lain compression insulators, and are held down 
by means of tie rods running to a fifth insulator 
at the center of the base. The entire insulated 
tower is supported on an g-foot steel substruc- 
ture which in turn is anchored into a reinforced 
concrete pier rising approximately 2 feet above 
ground lcvcl. Each tower base is surrounded 
I)y :L wir(b mc3h count,crpoisc supported at a 
lcvcl 2 feet bcklow the insulat,ors by structural 
steel columns. T11c function of tho counter- 
poise is to minimize t,hc possibility of variations 
in antenna capacity with changing conditions 
of the earth and vegetation in the immediate 
vicinity of the tower base. 

---F---- u-: 

Figure 16.~-S&ion %&te C&o1 R&k. 
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Figure 17.-Operator’s Remote Control Racks and Desk. 



cqmpment rcqu~ed for tho ope~nt~on of Ihc 
1 mge The 11pper panel canP3s Lbe mtr1- 
LolllI~lnIllcallng phorre and a Iwo-InotIon S1rou 
ger mnchmo swltcll which controls all of lhc 
srvltchmg operations nt the statlon, and mnq 
be operated b>- clthcr the local dml 01 over J. 
telephone hne by a remote dud The next 
lo\re~ panel 1s n constant level amphfier which 
prevents overmodulatlon of the carnor dmmg 
speech broadcasts and holds the nvelnge modw 
latlon at a relatwely bgh level Below the 
desk 1s mstalled a band-ehmmatmn filter wb~h 

corrects Ihe ficqw ncy clnnctcnstlc of tjbc 
trlephonc lme lo llw Icmote-control quarters I$ 
located nnmcduttel>- below the filtrl p~ncl Tbc 
1OFcr comp”Itmcnt conlams a roltagc regu1sto1 
and a rrct&r mhlch suppbes poner fol opera- 
ton of the various relays of the control sy?tcm 

The opuntor’? rack at> the Iemote-contlcl 
quarters IS sllou~1l 111 ng 17 The control 
cqulpmont con-Is& of the mtaphone and &al 
mounted m the left rarb, nnd the mxrophome to 
lmc nmphhe~ and momtormg umt located m the 
right--band rack All of tho other space m the 

ellmmatcs frequcncles m the nclghborhood of racks IS taken up by ~ece~rers for two-way com- 
1020 cycles from the VOICP durmg brondcnsts, I - mumcntlon xvr-lth arcraft 

0 


