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R J " Y  

Inasmuch  as  the  success or' the  Simultaneous  Radio Range depends 

upon the  clear  reception  of  voice o r  range, at the  discretion of the 

user, the  question  of  over  nodulation o r  voice  spill-over  disrupting 

the  range signnl through  the  range  filter  assumes major Importance. 

This r,eport  conteins  the  results  of  flight  tests  conducted at m a j o r  

terminals  throughout  the  Lst, 4th, 5th and 7th regions ann instruc- 

tions  issued  for  the  elimination of this  interferance. 

IIJTRODUCTION 

The  simultaneous rar?io range was designed  primarily to pemit 

the  simultaneous  transmission an3 reception  of  voice  and  range 

signals  with  provision u l s o  f o r  selecting  either at the pilOb'E  dia- 

cretion.  This is desirable  since it eliminates any necessity  for 

pilots on instmnents and  preparizg  for a landing, to request  con- 

tinuous  range. To do so deprives  all  other  airmen of weather inform- 

atioa n o m l l : :  scheduled to be  broedcspit  during  the  periods  of the 

continuous range  signals. 

The simultaxous r a d i o  rango should make it  poasible  to  receive 

voice or range  with  the use of a filter o r  by returni!l$  the receivlr 

to the l e v e l  of whichever  signal is desired. This is accomplished by 

means  of a slight  difference i n  voice rinc! range  frequency. 

Voice  spill-over on the  range signal. when employing a filter 

vas  noticed and occurs  when the sum of  the range ami  ?mice  rnodulation 

levels exced 100 percsnt. !This condition resulted in many requests 
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f o r  temporary  discontLnuarce of voice  broadcasts.  As i n   t h e   c a s e  of 

the  old  type BX.4 range, t h i s  caused  other   a i rmen  not   par t icular ly  

concerned with the  range signal but in te res ted   in   weather   b roadcas t ,  

t raff ic ,  f i e ld   cond i t iona ,  and o the r   pe r t inen t  information, t o  be 

deprived of t h i s   s e rv i ce .  The purpose of the  simultaneous r a g e  %as 

t h u s ,  t o  a la rge   ex ten t ,   defea ted .  

PU3POsE 

The problem of e l imina t ing   the   adversa   sp i l l -over   e f fec t  was 

made a j o i n t  p ro jec t  o f  t h e  Air  Transport   Section o f  the Tschxical 

Development Divis ion,  and the  Airways  Enginaaring  Division. Various 

t e s t s  were conducted t o  determine  tha  propzr  ratios  betwesn the 

side-band and c a r r i e r   c u r r e n t s  when enployi rg  t h e   r a n g e   f i l t e r .  

No attempt will be m,de  t o  d e s c r i b e   t h e s e   t e s t s .  However, s u f f i c i e n t  

f l ight t e s t s  were made on d1fferar. t   types o f  equipment t o  i n d i c a t e  

t h e  need f o r  the  readjustment of the   percentage of  voice  modulation 

at a l l  s imultaneous  s ta t ions.  

ADJUSTMW paocmum 

Copies o f  che f o l l o w h g   l e t t e r  of i n s t r u c t i o n s  were i s s u d  by 

the  Chief,   Airways  Enginaericg  Division  to al l  Begione: 

" I t  has come t o  t h e   a t t e n t i o n  o f  th is  o f f i c e   t h a t   t h e  

adjustments f o r  propsr  percentage a f  voice  modulation i.? t h e  

simultaneous r a d i o  ranges  are  not  being made uniformly at a l l  

s t a t i o n s .  I n  order  t o  minimize d i f f i c u l t i e s   t h a t   r e s u l t  from 

improper  adjustments,  and t o  make the  adjustments at all s t a t i o n s  
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uniform, i t  i s  requested that the  following  procedure  be  adopted: 

With a n  audio-fraquancv siz-sal of 400 cycles   fed 
in to   the   input  o f  ths speech  amplifier at the 
c o n t r o l   s t a t i o n ,   s e t   t h e   g a i n  c o n t r o l  of  the  speech 
ampl i f ie r  s o  t ha t   t he   ou tpu t  of the ampl i f ie r  i s  
0 db. In those  cases   where  this   output  i s  maintained 

does  not   object)  ic order  t o  over r ide   excese ive   l ine  
at a higher  level  (provided  the  telephone company 

noises ,   th is   higher   level   should  be  maintained.  

Af t e r   t he   above   ad jushen t   has   been  m a & ,  adjust the 
ga in   cont ro l  o f  the   cons tan t  o u t p u t   a n p l i f i e r  at the 
t r a n s m i t t i n g   s t a t i o n  s o  that i t s  output i s  0 db. 

Check the   r ekq la t ing   f ea tu re  o f  the  constant-output 
ampl i f ie r  t o  se?  that t h e   l i n i t e r   t u b e   j u s t   b e g i n s  t o  
a c t  when the  output  -eacht-,s 0 db.  This will be in-  
d ica ted  by the   f ac t   t ha t   t he   r ead ing  o f  t h e   l i m i t e r  
tube  current  mater just begius t o  decrease.  Any 

msde by meacs of the  controls  provicled f o r  t h i s  
necessary  adjustme2t of the   regulat i r lg   feature   can be 

purpose a d  described i n  the   p rope r   i n s t ruc t ion  books. 

Rerdove the   l imi t e r   t ube  from the  constant-output 
ampl i f ie r  and ad jus t   the  gain of t h i s  ampl i f i e r  so t h a t  
i t s  output i s  plus  l$ db. 

Adjust th;: gain  ccrntrol o f  t h e   t r a n s n i t t e r  so  tha t   t he  
percentage o f  modulat ion  of   the  carr ier  i s  655. The 
modulation  measurement is t o  be made i n  the  standard 
manner using a cathode  ray  Dscillograph and a pickup 
wi re   p l aced   i n   t he   v i c in i ty  of the center  tower. 
Extreme care  should be used i n  this   measurenent   to   svoid 
error6  due t o  improper usa of the  cathode ray tube ,  

unstable  p a t t e r n ,  e t c .  I t  will always be poss ib l e   t o  
such as improper focusirig, i n s u f f i c i e n t  Bef lec t ion ,  

ge t  a s u f f i c i e n t   a q m n t  crf r . f .  pickup s o  t h a t   t h e  
use o f  t he   ampl i f i a r  i n  the  osci l lcscopo will no$ be 
required.  The deflecticrn of the  cathode beam s h o d d  
not   be  less   than 1/P on e i t h e r  s ide  o f  tha   hor izonta l  
axis when t h e r e  i s  no Eodulation. 

R tp lace   t he   l imi t e r   i n   t he   cons t an t -ou tpu t   amyl i f i e r ,  
but d o  n 3 t  change the   aEt t i3gs  o f  the  @in cont ro l  of 
t he   cons t an t -ou tpu t   mp l i f i e r  o f  the   t rnnsmi t te r .  
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"The s e t t i n g s  o f  the   ga in   cont ro ls  of the  constant-output 

ampl i f i e r  a d  transmit ters   found by the above method are n o t  t o  

be  changed under any c x d i t i o n .  I n  actual use of t he  equipment 

f o r   v o i c e   b r o d c a s t s ,  i t  i s  imperst ive  that   the   operatqr  main- 

t a i n   h i s   v o i c e   l e v e i  as cans tan t  as F rec t i cab le  a d  i n  d&itim 

t h a t  he n a i n t a i n  the  peaks  in  the  output o f  t he  speech   anpl i f ie r  

at t h e   c m t r o l   s t a t i o n  at 0 db. ( o r  st the   l eve l   de te rmined   in  

accordance  with  instruct ions  under  (1)) .  The opera tor  nsy 

employ the  Gain cont ro l  on the  speech  amplifier t o  assist  him 

i n   m a i n t a i c i n g   t h i s   l i n i t .  I t  1 s  very  important  that  under no 

c o d i t i o n  shall the   ou tput   ? f   the   speech   anpl i f i s r  at the 

c o n t r o l  s t a t i o n  exceed 0 db. I t  must be ronerrbered t h a t  when- 

ever   the   mtput  of the  speech  amplif ier  is p e r n i t t e d  t 3  exceed 

0 db,  there will be a moxentary  "spill-overI1 of the  voice 

i n t o  the  range signal and t h i s  i s  very  object ionable  t o  p i l o t s  

using  the  range  course^. 

"After  the gain c o n t r q l s  gf t he  equipment  have been s e t  in 

t he  manner fiescribed above, the ratio of corner t o  cen te r  tower 

cu r ren t s  must  be  checked i n   t h e  manner d e s c r i b e d   i n   t h e   c m r s e  

alignment data supplied wi th  i t  f ? r  each  s ta t ion.  At t h e   t i n e  

t h a t   t h i s  ratio i s  p rope r ly   s e t ,  readings should be taken of 

t h e   r . f .   l i n e  currents flr t he  sid~e-ban?. an8 car r ie r   channels  

of t h e   t r a n s n i t t e r  and a daily  check  should be made t q  see 

tha t   the  : a t i n  2f these  two cu r ren t s  d.oes not  change. 



"The C.A.A. has committed i t s e l f  t o  ad jus t  a l l  SBRA 

s t a t ions   t o   p reven t   vo ice   i n t e r f e rence  i n  the  range signals 

before  the  winter  weather s e t s  in. For  t h i s   r e a s o n  i t  i s  

requested that a l l  simultaneous r a d i o  range  stations  be  promptly 

readjus ted  i n  accordance with the  procedure  outl ined  above. 

beginning  with  the more important   terminal   s ta t ions.  I n  any 

case ,  a l l  stations  should  be s o  readjusted with a minimum  of 

delay.  

"Tne above instruct ions  supersede  and  replace  any  other  

i n s t r u c t i o n s  that may have been previously  issued  concerning 

these  adjustments ."  

I t  was believed.  advisable,  subsequent t o  t h i s ,  t o  make f l i g h t  

checks,  and t o  assist  f i e ld   pe r sonne l  i n  Becoming f ami l i a r   w i th  the 

method o f  procedure.  Accordingly, on November 7 ,  1939, the  Chief. 

Airways  Engineering  Division  wrote t o  t he   4 th ,  5th. 6th  and  7th 

Regions, as f o l l o w s :  

p l a m i n s  a visit t o  your aegion i n  the  near   fu ture  t o  o f f e r  h is  
"Mr. D. M. liainey of the  Technical Development Div is ion  i s  

a s s i s t ance  i n  connection  with  the problem of  vo ice   in te r fe rence  
with  range  signals.  Mr. 3ainey ha8 nm f l ight  t e s t s  on seve ra l  
of the  ranges in t h e   e a s t e r n   p a r t  of the   country as p a r t  of a 
Technical  Development  project t o  e l imina te  the  above-mentioned 
t m e  o f  i n t e r f e rence ,  an& i t  i s  bel ieved  that   the   information 
thus  Sained may be h e l p f u l   t o  you. 

"It i s  s w g e s t e d  thst arrangements  be made for Mr. 3ainey 

ment o f  one o r  more ranges i n  accordance   wi th   imtruc t ions  
t o  accompany the  p a t r o l   p i l o t  and r a d i o  e n g i n e e r   d u r i q   r e a d j u s t -  

contained i n  l e t t e r  t o  All Aegions of November 6. "  
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STATIONS ADJUSTED AID FLIGHT cmcm 
The Charlaston and Elkins, W .  Va., and  the  new Philadslphla 

simultaneous  radio  range  stations were used for  tests and proving 

grounds prior to the  issuance  of the instructions  of  November 6. At 

these  points the percentqe of voice  nodulation  was  set st the pre- 

scribed 65 percent  and found t o  be  completely  free of all  voice 

interference. It was 8160 noted  that  without  employing  the  use of 

the filter, adequate  voice  reception  was  obtainable,  and the usable 

distance  was  not  materially  reduced. It is necessary,  however, to 

retune the receiver to the desired  resonance  of  voice o r  range on 

aach  occasion to obtain  the  bsst  results. This apparently i s  a 

limitation of  the  simultaneous  range. 

During tile tima  allotted to the 4th 3eeJon tis following  facili- 

ties  wzre  adjusted and flight  checked  with  the  assistance of the 

Regional Y d i o  Engineer and Patrol  Pilot: Ft. Worth,  Dallas, Amarillo 

and Wichita Falls, Texas. Upon the  completion  of  adjustments  at 

these  stations,  the  regional  personnel  were  enabled  to  correct  the 

other  ranges  within  the  Begion. 

The 5th 3eglon was next visited,  where  the  writer  was  joined  by 

8 Radio  Engineer  from  the  Weshin&on  office of the Airways  Engineering 

Division, The Kansas  City  simultaneous r a d i o  ranse  was  the  first 

adjusted  because  of  its  proximity to the  regional  office.  The  station 

was  adjusted by the Segional  R s d i o  Engineer according to  the  instruc- 

tions  issued by the Bureau of Federal  Airways, and it  was  subsequently 

flight  checked  by the P a t r o l  Pilot and writer. Guring the  check  it 



- 7- 

was f o u n d  tha t   t he   vo ice   i n t e r f e rence  s t i l l  pers is ted.   Considerable  

time was spent i n  t rac ing   the   source  of t rouble .  This involved  the 

checking o f  t he   cons t an t   speech   ampl i f i e r ,   t he   t r ansmi t t e r   f i l t e r ,  and 

all  o ther   sources   wi th in   the   t ransmi t te r   for   mald jus tments .   Dur ing  

t h i s   t i m e ,   t h e   a i r c r a f t   f i l t e r  of the  patrol   ship  used was suspected 

of  being t o o  broad s ince  i t  was of a different   type  and make from those 

of  other  Regions.  This was replaced t o  conform to   the   s tandard   type  

uni formly   used .   Fur ther   t es t ing ,   a f te r   rep lac ing   the   f i l t e r ,   p roved  

that in t e r f e rence  s t i l l  ex i s t ed .  I t  had been  aasuned up t o  th i s  p o i n t ,  

that the  s t a t i o n  was operating  normally.  Hoveaer; a f te r   exh4us t ing  

all o t h e r   p o s s i b i l i t i e s ,  i t  was found that the  towers  were  detuned 

and that t h e   r a t i o  of the   corner  and center   tower   cur ren ts  of the 

s t a t i o n  was inco r rec t .  This made i t  inposs ib le  t o  ob ta in   t he   des i r ed  

resu l t s   wi thout   re tuning  a l l  towers.   After  rstuning  the  towers,  the 

voice  modulation was prope r ly   ad jus t ed ,  and  upon f l i gh t   check ing   t he  

range was f o d .  t o  be f r e e  f rom sp i l l -over   in te r fe rence .  

The St .   Louis  and Wichita simultaneous ranges were then   v i s i t ed  

and the  knowledge gained at Kansas  City was appl ied.  The regional 

per sonne l   f e l t   t hey  had su f f i c i en t   i n fo rna t ion  t o  Rdjust the   o ther  

simultaneous  ranges  within  the  region. However, upon the   reques t  of 

the  Regional Manager, i t  was agreed   tha t   the   wr i te r  upon h i s   r e t u r n  

f r o m  the  West Coast would a r raage  t o  neet   the   Ftegional   Patrol   Pi lot  

and Radio Engineer at Cheyenne. Wyoming, and recheck  several  of t he  

s t a t i o n s  which they had ad jus ted .  
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A visit was then made t o  t h e   7 t h  Region at S e a t t l e ,  Washitlgton, 

at which  point i t  was found that a1thout:h the  regional  parsonnel had 

adjusted  the  voice  modulat ion  to  65 percent ,   the   in te r fe rence  o r  d i s -  

con t inu i ty  o f  range   s igna l  s t i l l  prevai led.  Upon rechecking with 

the  Regional  Mi0 Engineer on th i s   ad jus tmen t ,  i t  was noted that t h e  

range  modulation w a s  a c t u a l l y   l e s s   t h a n  30 percent .   Proper   adjust-  

ments  were made wi th   t he   r e su l t  that subsequent f l i f h t  checking 

showed no t r a c e  of in te r fe rence .  The conzi t ion  o f  t h e  Spokane  simul- 

tnneous  range was similar t o  t h a t  o f  S e a t t l e ,  with the  except ion that 

the  voice  modulation  instead o f  being  under, was well  over 100 percent.  

Correc t ive   neasures   res tored   th i s  t o  normal.  

Thc 5th  i(egions1  Engineer  and  Patrol P i l o t  were contacted by 

pr ior   a r rangeuent .  The s t a t i o n s  at Cheyenne, North P l a t t e  and Omaha 

were then  rechecked aad found t o  be f r e e  f rom voice  interference.  

ccxcLus10:Is 

1. The r e s e t t i n g  o f  voice  nodulntion at  a l l  simultaneous r a d i o  range 

s t a t ions ,   acco rd ing  t o  i n s t r u c t i o n s ,  has def in i t e ly   i nc reased   t he  

e f f i c i e n c p o f   t h e s e   f a c i l i t i e s   a r d  will permit   the   s ta t ion  opera-  

t i o n  and maintenance  personnel t o  r e t a i n  t h i s  d j u s t n e n t .  

2. The diminishing number of requests  received by the  Civil hero- 

n s u t i c s   i h t h o r i t y   C o n - m i c a t i o n s   S t a t i o n s  f o r  continuous  range 

a t t e s t s  tha.t the   s imultaneous  feature  may be u t i l i zed .  witfiout t h e  

fermer  object ionable   voice  interference.  
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Kansas C i ty ,  Mo. 

Mr. Tom Bourne 
Chief  Engineer 
Airways  Engineering  Division 

Washington, D .  C .  
Civi l   Aeronaut ics   Authori ty  

Dear Mr. Bourne: 

We wish t o  compliment you on the  improved opera t ion  of t he  simul- 
taneous  range s t a t i o n s  at  a n s a 6   C i t y ,   S t .  Louie  and Wichita  since 

Recent   repor t s   f rom  p i lo ta   s ta te   tha t   there  l e  l i t t l e  o r  no voice 
the  recent  adjustment of modulation  percentages of t h e s e   s t a t i o n s .  

broadcasts.   Frovided  the  adjustments d o  n o t  change,  the  ranges 
sp i l l -over  on t h e s e   s t a t i o n s  when t h e  f i l t e r  is used  during  voice 

will give  improved se rv ice .  

ApTarent ly ,   Indianapol is  has not  yet   been  readjusted,  as r s p o r t s  
from p i lo t s   i nd ica t e   cons ide rab le   vo ice   i n t e r f z rence  t o  the  range 
s igna l  when us ing   t he   f i l t e r   du r ing   vo ice   b roadcas t s .  

Very t r u l y  yours ,  

(Signed)  aoward 6. Morgan 
Supt, of Comuicer t ions  

H K M m  
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C O P Y  

December 18, 1939 

Mr. Richard  C.  Gazley 
Chief, Technical  Development  Division 
Civil  Aeronautics  Authority 
Washington, D. C. 

Dear Mr. Oazley: 

Aeference i s  &.e to your  letter of  November 7 to Mr. Damon, 
and our reply  of  November 15 in regard to the  adjustment  of  the  range 
and  voice  ratios at Charleston and Elkins, W. Va. 

of  these  stations: 
The following is a summary of our observations on the  operation 

apparently  satisfactory, as the writer in a flight  over Charleeton 
1. Tha range and voice ratios of the two  subject stations is 

and Elkins on Novenbnbir 29 observed  that no spill-over was noticeable 
on range  frequencies. Our AM45 pilots were questioned on this  matter 
and no unsstisfactorv  reports  were  received. 

2. No interference was observed on the  Washington  Control Tower 
operation  from  the Elkins  Station and no unsatisfactory  reports  have 
been  received  from our rUd-25 pilots. 

Charleston  range, accompanied  by  rapid  fading s d  surges in ths signal 
3. There are numerous  multiple  courses in the Fas t  l$g of the 

strength.  Such  cordition i s  often  experi'enced on ranges in terrain 
similar to that around  Charleston.  altho we are of  the opinion  that 
it may  be  somewhat  relieved if the  frequency  of  Charleston could be 
lowered. As you how, it is now 400 kc., and it i s  believed that 8 
frequency in the lowsr end of the  band  would  improve  operation of the 
range  if  such a channel  could  be  obtained. 

Very  truly yours. 

i i i S A I C M  AIaLINES. INC, 

Sup't. of Communications. 
J. G .  Flynr., Jr. 


