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This  report   covers an inves t iga t ion  of the  operat ion of the   Phi lade lphia  

radio  range made j o i n t l y  by  representat ives  of the  Safety  and  Planning Division 

and Airvmys Engineering  Division.  ?he  work  described  herein was undertaken 

as a r e s u l t  of memorandums dated Kay 27 and May 28 from  tho  Chief,  Airways 

Engineerjng  Division t o  the  Chief,   Snfety  and  Planning  Division,  outl ining 

r e p o r t s  of  e r ra t ic   behaviour  of the  Kestinghouse SIQA s t a t i o n s  a t  Allentown 

and  Philadelphia,  Pennsylvania. 

The pr inc ipa l   d i f f icu l t ies   encountered  a t  these  s te t ions  were  severe  

key   c l icks   and   inabi l i ty  t o  secure  reciprocal  course  alignments,  because  of 

r e rad ia t ion  of s ide  bcnd  energy f r o m  t h c  center tower. The question had 

a l s o  been  ra ised  of   the  possible   anomlous  effects   of   reradiat ion from the 

ccntor  tower when courses must b o  bent   to   secure  tho  dosired  nl ignmcnt .   In  

view of t h o   f a c t   t h a t  t ho  Philndolphia  rcnge was inoperative  >ending  tho 

complotion o f  tho new Philadelphia  Airport ,  it was made ava i lab le  f o r  t c s t  

purposos t o  determine mothods  of propcrly  a l igning  the  courses ,  2nd poss ib le  

relnodies f o r   t h e  key  clicks. 

Key Clicks 

The  phenomenon of key  c l icks  is caused by t r m s i e n t   o s c i l l a t i o n s  i n  the  

various networks which rmke up tho  radio range  coupling  system betwcon the  

tronsmittor Cnd cntenncs.  Sinco  thesc nctvrorks arc  vcry  complicntcd  struc- 

t u r e s  a mathematical  nnzlysis of t h o i r  t ransient   bchaviour  i s  p r a c t i c a l l y  

impossiblo.  Consequently  thore i s  l i t t l e   t o  go on when deal ing w i t h  koy  clicks 

outs idc o f  a very gcnorn l  q u e l i t c t i v c  knowledge  of t h e i r  C ~ U S O .  

I n  t e s t s   r u n  on the  I iar t ford  radio  range  during Yarch  of t h i s   y e a r ,  n 

complete  absoncc  of  key  clicks wcs noted.  Thcrc were two csscntial d i f f o r -  

cnccs botwoon the  coupling  equipmcnts  in use a t  Hcrtford  and  Philrdclphia. 
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I n  tho Hartford equipmcnt provisions  wcre made fo r   ope ra t ing  t h e  link c h c u i t  

at   exact  resonancc. In  the  Philadelphia equipment  a  paver  amplifier  biasing 

c i r c u i t  was connec td  i n  v r i th   t he   l i nk   c i r cu i t   r e l ay ,  and no provis ions   for  

tuning  the link c i r c u i t  wore made. It was reasoned  that   i f   the   Phi ladelphia  

equipmcnt  werc made as near   l ike   the   Har t ford  equipment as possible ,   the  key 

clicks  might  be  climinated.  This was found t o  be the  case.  

The power ampl i f ie r   b ias ing   c i rcu i t   appeared   to  be am e n t i r e l y  unneces- 

sary  complication of thc equipment  and was completcly  disconnected. T h i s  re- 

su l t ed  i n  a s l igh t   reduct ion  in key c l icks .  The link c i r c u i t  was then  reson- 

ated by dctuning  the  goniometer  primaries  and by so do- the  key  clicks  were 

reduced p r a c t i c a l l y  t o  the  vanishing  point.   Since  operating this c i r c u i t   a t  

resonance has advantages o t h c r  than  thc  possible  reduction  of key c l i cks ,  it 

has bccn recommmded i n  a memorandm to   the   Chief ,  Airways Engineering D i v i -  

s ion  from the  Chief ,   Safety and Planning Division that a l l  of this  type  equip- 

m e n t  be m d i f i e d   t o   i n c o r p o r a t e  l ink  t w i n e  condensers. 

E f fec t  of  Center  Tmer on Course Aliment 

Due to  the  mutual  inpednnccs bctween the  elements of the  radio  range an- 

tenna  systcm, it i s  t o  bo expected that curren t  of s i d c  band frequency will 

be caused t o  flow in thc  ccntcr  towcr by induction from the  corner  towers, 

cxcopt  under v e q  spec id   condi t ions .  Also my cur ren t   o f   s ide  band frequency 

i n  the  center  tmror w i l l  in gcncral   affect   the  alignment of the  courses.  

Considor  an  opposite  pair of corner  antennas  denoted  by 1 and 2 together  

witin the  center  antenna  denoted by 0. It will be assumed tha t   the   mutua l  im- 

pedances are the  sane  betmen  the  center   antenna and e i t h e r  of the  corner an- 

t ennas   i e ,  Z o l  = 2,,2 = 218. The current  induced in the  center  antenna by t he  

corner  antennas will then be in general  
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2 
Io = a, ' . v 2  I1 + I2 + 211 I 2  cos $ 

where # is  the  phase  diffcrence  betmen  the  current  11 and  12. If equals 

160 as would be  the  case  for   reciproczl   courses   then (1) becones  simply 
0 

If the antennas  are  propcrljr  tuned  the  currents 11 and 12 w3.U be equal pro- 

vidod t he   r e s i s t ances  of tho  towers n e  equal, and Io 7 . 1 1  vanish. Thus when 

$ equals 180 it is  always poss ib l c   t o  make Io cqual o by t he  simple expedi- 

en t  of equal iz ing  the  res is tanccs  of dl of the  corner  towers.   In what fo l -  

lows it w i l l  be assumGd that this has becn  done. 

0 

Considcrhg  now thc  case  wherc $ $180 but 11 = I 2  = I (1) becomes 
o 

zo = Po E'- i Y o  

T h e  r a t i o  Gf the   cen ter  +,olwr current, t o  corncr  tower  current i s  givcn i n  

phase  and  mplitude by ( 4 ) .  If t h e   q u a n t i t i e s  and Zo arc determined by 

measuremmt or othelvrise it w i l l  be pcss ib lc  t o  ca lcu la te   the   exac t   a f fec t  

of  the  center  tower  cnrrcnt upon the  course  alignment.   In  the  attached  curves 

the  amount of cour se   sh i f t  which -dill occur   for   var ious ra t ios  of - 18 shovm 

for various phase angies betmeen 0 and 90 dcgrces. It is seen   tha t   the  m3xi- 

m. s h i f t   o c c u r s   w h e n q l f  -Oca 90 and that no shift occurs whenc)(hl - o(, 
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equals 0. I n  prac t ice  it i s  possible  for&" - W0 t o  have any value between 

0 and 90 and the  valuc which it. -will havo is  d i f f i c u l t  t o  determine unless 

d i r e c t  measurements of t he   quan t i t i e s  % md go are   rude.   Furthomare,   there  

i s  no m y  of p reven t ing   va r i a t ions   o fWO and hence o f m M  -R0. 

0 

I n  t h e   t e s t s  a t  Philad<zlphia th.2 c u r r e n t s   i n  211 of  the  antennas  were 

equalized and the  courses  f l ight checkcd. Under these  condi t ions with no 

s i d e  band c u r r e n t   i n   t h e   c e n t e r  twxer  opposite  courscs  xere  found  to  be  oxact 

rec iproca ls  as x o u M  be expected.  Next  the a r t i f i c i a l  lines were adjusted 

t o  make (d cqual 18 degrees and another fl.igi,t  check made. Although  with  this 

phase  difference tho  c u r r e n t   r a t i o  was found t o  be - - .Oh5 no anomalous 

bcnd in t he  COUrScs ms observcd  which  leads  to  thc  conclusion that the  guan- 

t i t y  (mrjr - ao) must hzve bccn less than 15 degrees as tho  accuracy of check- 

ing  courses  was approximte ly  1 degree. Thus under thc: conditions at  Phila- 

delphi? no d i f f i c u l t y  would  be  oncountered in   a l ign ing   coursos   as   the   ac tunl  

alignment would coincide w i t h  the  calculated  alignment within the  lbit of 

observational error.  T h i s  i s  cunsidered as being purely a matter  of chance, 

however, and n o t   t o  he  interpreted as neaniry tht t rouble  will never bo en- 

countered a t   o t h e r   s t a t i o n s .  

l o  - 
I 

From the  nagnitudes of the  impedmces and 20 which wil l  l i k e l y  be 

found a t  most  s t a t ions ,  it i s  not, an t i c ipx ted   t ha t  a grea t   dea l  of d i f f i c u l t y  

will be experienced in   sccuring  the  desired  a l igrmcnt  of courses  even  though 

ac tua l  and calculated  a l i ,mrmts  do not  coincidc. The prc~blem will merely 

be  reduced t o  one of tri31 and error which hzs  always  been  the  case t o  a cer- 

t a in   ex t en t .   Cc r t a in ly  no d i f f i c u l t y w i l . 1  bc hd i n  securing  reciprocal  

alignments i1 t h e  tower c w r e n t s  arc equalized as they  should be under any 

circumstames. 
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It is reconmended tha t   fu r the r   i nves t iga t ion  o f  t he   e f f ec t   o f   cen te r  

tower  reradiat ion upon t h e   d i g n n e n t  of the  courses  be  deferred u n t i l  a c t u a l  

d i f f i c u l t y  a r i s e s  in the f i e ld .   Inves t iga t ion  of  such a case would be much 

more in s t ruc t ive  and  provide mare d a t e  t o  work on than could be  secured  under 

the  l imited  experimental   conditions at Philadelphia. 

D. M. S t u a r t  
Radio  Engineer 
Safe ty  and Planning  Division 

Assistant Radio  Engineer 
P. Caporale 

Airways Engineering  Division 
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APPENDIX 

Since t h i s  r e p o r t  %?IS wri t t en the   ques t ion   o f   t he   exac t  method t o  

employ in  equalizing  antenna  currents  has  arisen.   Accordingly this  short 

note  covering  the method t o  be  used i s  appended. 

It i s  obvious t h a t  i f  the   res i s tances  of t h e  corner towers  are  equal 

t h e i r   c u r r e n t s  will be equal   providsd  the  s tabi l iz ing  process   has   been 

car r ied  o7dt properly  and t h e  antennas  are  n o t  too  fa r  o f f  tune.  This 

suggests R t  oncc the  incorporation  of a v a r i a b l e   r e s i s t o r   u n i t  in  each 

tuning house w i t h  a control  knob m the f ront   pane l  so t h a t   r e s i s t a n c e s  

nay be equalized  during  the  tuning us process. The r e s i s t o r   t o  bo used 

should  havo a maximum value o f  approximately 2.0 ohms with a currant  

carrying  capacity of  no t  l e s s  than 6.0 amperes. It should  be  variable 

from ze ro  t o  maximm value in steps of not more than -05 ohms and  should 

be  comoctod  direct ly  i n  the   an tenna   c i rcu i t .  The r c s i s t o r  need not  

have any part icular ly   great   constancy  of   value  as  mill be explained  here. 

When t h e   s t a b i l i z i n g   p - o c e s s   i s   c a r r i e d   o u t  th;  r e s u l t  i s  t o  make 

the   t r ans fo r  impptdancc r e l a t i n g   t h e  line sending cnd voltage t o  t h e  an- 

tenna  current  indopcndent of  antenna  tuning,  i .c. 

zO2 z E. z j3; cos 
12 

e 

whore Xti i s  the mutual  rcactcnce of  the  transformcr  windings and e i s  

t he   e l ec t r i ca l   l eng th  of  the   t ransmiss ion   l ine .  Thus it is  seon t h a t  

if  t h e  value o f  XM i s  t h e  mme f o r  all antennas  thoir   currents  w i l l  be 

equal rGg::rdless of antcnna  resistsncc  or  rocctance  since it is  assumed 

tha t  equal  lengths o f  l i n e  run to   each  tower. Howcver,  when t h e  l ine 

impedance i s  matched t h e  value of  XI,- st cnch  tewcr i s  made c 

xu = - VG; 
cos e 
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where ito i s  t h e   c h a r a c t e r i s t i c  impedance o f  t h e   l i n e  and R2 i s  the  antenna 

resistance. If t h e  resistances R 2  a r e   n o t   t h e  same f o r  a l l  to:vers t h e  

transformer mutual  reactmces aai hence the  currenix will be  unequal. It 

i s  apparent   then  that   unequal   res is ts ixes  will not  of  themselves   direct ly  

produce  unequal  currents. Tho e f f e c t  i s  brought  about by the  unequal 

valucs of  XK ar r ived  a t  by the   t un ing  proccduro which we have  adopted. 

Furtherr:.oro, it i s  obvious  that  i f  t h o  r c s i s t ancss  wore  cqualized only 

during t h o  tuning  up  process Gqun1 curronts mould persist a t  any subsequent 

t i m *  avcn though  widely  difforent   res is tances   were  inser ted.  Ecnce the  

roqui romxts  of consta.ncy of ths res i s tnnce  t o  bc  chosen m c  not a t  a l l  

severe and  should bo met by a wick var io ty  o f  commrcial  produc-ts. 

I t  might bo pGiatcd  out i n  concluding t h a t  incrcasing the r e s i s t a n c e  

of t h e  an tenna   c i rcu i t s  will Gravid*> grcr.tcr s t a b i l i t y  of course  alignment, 

cspocirJ ly  ct s t a t i o n s  ,;rhere tho  gonionetor is s e t  n e x  zoro or   ninety 

degracs.  Since i n  all c a s e s  m p l e  power i s  avnilablc i n  the  sideband 

channcl of  t h e  transmitter it i s  considered.dcsirr.ble t o  operate  tho m- 

texnas  ut   rusis tanccs  of cpproxi:mtelg 5.0 ohms. 

DMS : jcm 
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Curves 3hondng Course Shift  Against %e Ratio 
of Side Band Current in the Centsr Antenna 

Phase A n a 5  Betaeen These Clvrmta. Thess - . . ~  .+ 

to Current i n  the Corner kntennaa For Various 

Curves Apply Do 500 p o o t  Touer spacing end 4: 

Frequency of 369 Kilocycles. ~ . 
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