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REPORT OF 
SZTRVEY OF AEXONAWICAL RADIO TECHMCAL DEVELOPMENTS IN EUROPE AMD ACTIVITIES 

I N  CONNECTION WITH THE THIRD WORLD CONFERENCE OF RADIOTELECAAPH EXPERTS. 
SUMMARY 

This r e p o r t  i s  the   ch rono l6g ica l   r eco rd  of t h e   w r i t e r ' s  movements, 

a c t i v i t i e s ,  and   obse rva t ions   i n   connec t ion   w l th   an   o f f i c i a l   t r i p  as United 

S t a t e s   d e l e g a t e   t o   t h e  Third World Conference of Radiotelegraph  Experts  

f o r  Aeronautics,  which met a t   P a r i s ,   F r a n c e ,  November 3 t o  5 ,  i n c l u s i v e .  

Taking  adwantage of t he   oppor tun i ty   t hus   p re sen ted   t o  make a survey of 

European   rad io   t echnica l   deve lopments   in   the   f ie ld  of ae ronau t i ca l  com- 

mun ica t ions ,   an   i t i ne ra ry  was arranged and o f f i c i a l l y   a p p r o v e d  which i n -  

c l u d e d   t h e   p r i n c i p a l   c e n t e r s  of  a e r o n a u t i c a l   r a d i o   r e s e a r c h  i n  France,  

Germany, Belgium,  Switzerland,  Holland,  and  England. 

Through contac ts   p rev ious ly  made i n   t h e   U n i t e d   S t a t e s   w i t h   v i s i t i n g  

forelpn r e p r e s e n t a t i v e s ,   t h e   o f f i c a e  of o u r   l o c a l  American Foreign  Serv- 

i c e   o f f i c i a l s ,  and personal   acquaintances made flt the   Par i s   conference ,  

I was everywhere  accorded  the  utmost  courtesy  and  consideration. 

The r e s u l t s  o f  the  conference  with comments the reon   a r e   con ta ined  

i n  a r epor t  t o  t he   Sec re t a ry  of S t a t e   submi t t ed   j o in t ly   w i th  Mr. Danis 

Uull igan  under   date  of November 9 ,  1938. 

The d e t a i l e d   t e c h n i c a l   d e s c r i p t i o n s  of European  aeronaut ical   radio 

deve lopments   as   conta ined   in   th i s   repor t  will f u r t h e r  emy,hHuize t h e  in- 

h e r e n t   d i s s i m i l a r i t y   i n   t h e   a v i a t i o n  communications  and  navigational  sys- 

tems in   use   on   the   domest ic   a i rways   o f   the   Uni ted   S ta tes  as cont ras ted  

w i t h  equipment des i@ and operat ing  procedures   abroad.   Radio  dirwtional  

a i d s  everywhere  have  from  the  beginning  been  largely  confined  to  the 

medium long mves  because of t h e i r   r e l a t i v e  freedom  from e r r o r s   i n t r o d w e d  
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by  multiple-path vslve propagetion o r  "night   effect ."  The Uni t ed   S t a t e s  

was first  to   r ecogn ize   t he   advan tages  of  h igh   f requencies  for  a i rcraf t  

comunica t ions .  This r e s u l t e d   i n  our  present  system of radiotelephone 

communications on chain o r  rou te   f r equenc ie s .  Abroad the  tendency h a  

been t o   c o n c e n t r a t e  all t ypes  of  c m u n i c a t i o n s  on t h e  long m v e s  and 

t o   w e   r a d i o t e l e g r a p h  signalfnp; i n s t ead  of radiotelephone.  The sole   ex-  

cept ion  In the l a t te r  case  i s  o. l i m i t e d  use of rad io te lephone  f o r  

I t i n e r a n t   a i r c r a f t   i n  England.  Several   reasons f o r  t h i s  may be c i t e d :  

r e l a t i v e l y   s h o r t   d i s t a n c e s   w e r e   i n v o l v e d :   r l l l t w y   c o n s i d e r a t i o n s   d i c -  

t a t e d  a navigat ionel   system  based upon d i r e c t i o n   f i n d i n g   r a t h e r  than 

d i r e c t i o n a l   t r a n s m i t t i n g   s t a t i o n s ;   t h w r e  bas c o m p a r a t i v e l y   l i t t l e   n i a t -  

t i m e   o p e r a t i o n ;   t h e   a i r   t r a f f i c   l o a d  m s  r e l a t i v e l y  light; there   were  

no designated alrwrrys and t h e r e f o r e  ground a ids   possess ing   omnl-d i rec t iona l  

c h a r a c t e r i s t i c s  were p r e f e r r e d ;  end of course language d i f f i c u l t i e s   d i c -  

t a t e d   t h e   u s e  of t h e   i n t e r n a t i o n a l   t e l e g r a p h  code r a t h e r   t h r n   v o i c e .  As 

t h e  volume of n l r  t r a f f i c   g r e w ,   d i r e c t i o n   f i n d e r   s t a t i o n s  which  can  only 

serve ona a i r p l a n e  st a time  had t o  be supplemented by l o c a l   r a d i o   f a c i l -  

i t i e s  which l i k e  our  o m  range   s t a t ions  were cnpable of s imdtaneous ly  

p r o v i d i n g   g u i d a n c e   t o   a l l   a i r c r a f t  i n  the   v ic in i ty .   Another   recogni t ion  

of t h e  American system m s  forced  by the   es tab l i shment  of a d p i r e   r o u t e s ,  

o v e r   t h e   e n t i r e   l e n g t h  of which f o r  vvria-us reRSons comunica t ion  had t o  

be  maintained  with home bases .  The grea t   d i s t ances   t hus   i nvo lved   ca l l ed  

f o r  h igh   f r equenc ie s   w i th   app ropr i a t e   p ropnga t ion   cha rac t e r i s t i c s .   .O the r  

uimilnr   tendencies   which  indicate  a crowing convergence of European  and 

American p rac t i ce   cou ld  bo nent ionrd,  311 o f  which do tons t r a t e   t he   pow-  

ing   recogni t ion  o f  t h e   n e c e s s i t y  for a d o p t i n g   a s   n e a r l y   a s   p o s s i b l e  a 
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uniform ae ronau t i ca l  communication  system  throughout the world. The 

Third World Conference of Radiotelegraph  Exparts  for A a r d x u t i c s  gave 

fur ther   ev idence  of this recogni t ion  when it designated a subconrmittee 

on i n t e r c o n t i n e n t a l   a i r   r o u t e  communications. 

I n  Kanera l ,   European   aeronaut ica l   a ids   to   naviga t ion   and   comunl-  

cat ions  were  considered t o  be r e e s o n a b l y   e f f i c i e n t ,   c o n s i d e r i n g   t h e  

l i m i t e d  number of  f r equenc ie s   ava i l ab le  end t h e   l i m i t a t i o n s  of t he   sys -  

tem i n   u s e .  Air naviga t ion  by means of ground d i r e c t i o n   f i n d e r   f a c i l -  

i t i c s  vhioh t e l e p n p h i m l l y   t r a n s m i t   o b s e r v e d   d a t a   t o   t h e   a i r c r a f t  - 
once   t he   p r imry   sys t em - is now d e f i n i t e l y  glving way to   t he   u se  of 

rad lobeacons   espec ia l ly  of  t he   omnid i r ec t iona l   t ype ,  end u l t r a -h igh  

f requency   rad io   range   locnl izers .  !There is a d e c l i n e   i n   t h e  number  of 

p i l o t   r e q u e s t s  for bemings   a l though ground d i r e c t i o n   f i n d e r s  will un- 

doubtedly  continue R S  a valuable  supplementary ?.id t o  r e g u l a r  elr c a r r i e r  

ope ra t ions  ond a s  an e s s e n t i c l   t o   m i l i t n r y   o p e r a t i o n s .  

Omnldi rec t ion81  beacons   a re   rnp id ly   be ing   ins ta l led   th roughout  

E w p e .  Tilare being no p r e s c r i b e d   a i r m y s ,  n i r c r p f t  m y  approach e 

t e rmina l  from alrrlost  ony d i r e c t i o n   o v e r   w b t e v e r   r o u t e  mny be   appropr ia te  

under  the  circwnetancas n t  t h e   t i n e .  For this repson,  the  Europeans 

have pmkwbly d i r c c t e d   r e l a t i v e l y  Ipore a t t e n t i o n  t o  t e r m i n a l   r d i o   f a c i l i -  

t i e s  t k n  t o  in t e rmed ia t e   a id s .  As (1 r e su l t ,   i n s t rumen t   l and ing  systuns 

cund , t ing  of approech  local izers   end FprKera i n s t i l l e d  a t  almost 

every i h s r t a n t   a i r p o r t  i n  Europe. 

Wkt would seem t o  be unl imi ted   funds   a re   apparent ly   : lva l lab le  i n  

GariLny f o r  new oeronRutica1 r7~dif.I uavslop,ents ,   Saverel  tU-metal tri- 

no to red   a i rp l anos   w i th  h i w y   t r = i n e d   i n s t r u m e n t   p i l o t s   a r e   a v a i l a b l e  
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for conduct ing   tes t s   under   the   wors t   poss ib le   f ly ing   condi t ions .  Well 

equipped   labora tor ies  a r a  operated by t h e  Air Mini s t ry  f o r  developing and 

t e s t i w  new equipment. 

England i s  spending  huge sums of  money on instrument  approach sys- 

tans inasmuch as s h e   f e e l s  that t h i s  i s  the most important link in ge t -  

t i ng   p l anes  down s a f e l y   a t  airports under bad weather   condi t ions.  

U n s e t t l e d   c o n d i t i o n s   i n  Europe  have  given t h i s  work tremendous  impetus. 

It i s  of i n t e r e s t   t o   n o t e  that the  English  have  adopted  the  Lorenz l n -  

strument  landing  system f o r  use until soneth ing   be t te r  is a v a i l a b l e ,  

while on the   other   hand,   the   French  have  teated  and  discarded it and a r e  

developing an improved  system more i n  l i n e  with American p r i n c i p l e s .  

The Dutch  have a l s o  discarded  the  Lorenz  system  and  have  developed B 

g r e a t l y  improved l o c a l i m r  unit. 
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Leaving  Ukkington, D. C . ,  on Oc tobe r   l a th ,  I embarked a t  New York 

t h e  same day  and  arrived i n  Paris n t  1:& ;.m., October 2 6 .  On t h a t   d a t e ,  

I v i s i t e d   t h e   l a b o r a t o r i e s  of Le  Materiel  Telephonique  and W G ~  shown 

through th .e  vacuum tube  depertment. Some ve ry   i n t e re s t ing   t ubes   have  been 

developed  there  fo r  ul t ra-hlgh  f requencies .  Some were  designed  to   operate  

with  water  cooling.  These  tubas  were  approximtely 2 inches  long  and 

capable of between  an8  and 2 ki lowat t s   ou tput .  A t e l e v i s i o n  transmitter 

waE also on  display in t h i s   l a b o r a t o r y .  It had a v e r y   m i q u e   s y s t m  of  

n e u t r a l i z a t i o n ,   t h e   @ i d s   b e i n g   t i e d  t o  p o u n d ,  and the  f i laments   “ere   ex-  

c i t e d .  AB a result, t h e   c o n t r o l  g r i d s  ac ted  a s  sh ie ld  grids, inasmuch as 

they  ‘were  grounded  and it vms therefore   unnecessary to use   neu t r a l i z ing  

condensers  which are  normally  required.  This a r rangemen t   p r ; . i t t ed   t he  

use of large  water   cooled tubes  capable of del iver ing  approximately 4u 

ki lowat t s   in to   an   an tenna  a t  a frequency of a p p m x i m t e l y  40 megacycles. 

In other  vmrds,  i t  is  poss ib le   to   opera te   water   cooled   tubes ,  or any tubes 

f o r  that m t t e r ,   a t  a frequency much hi?her xhen  omitt ing  the  usual  neut- 

r a l i z i n g   c i r c u i t s .  

I d s o  saw a v e r y   i n t e r e s t i n g   r e c t i f i e r  of approdmate ly  500 ki lowat t6  

capac i ty  which u t i l i z e d  1 2  mercury  vapor  tubes. The f i l a e n t   l i g h t i n g  

transfomers, f i l t e r  chokes,  and filter condensers  were all immersed in one 

l a rge   t ank  o f   o i l .  The only  e r t e rna l   e l emen t s   were   l a rge   i n su la to r s  mounted 

on   t op  of t h i s   t a n k .  They suppor ted   the   socke ts   tha t   he ld   the   mercury  

vapor  tubes i n  place.  

On October  27th,  I presented my r e spec t s  at  our embassy nnd was 

welcomed  by Mr. Reagan,   the  Comercial   At tache’ .  I again v i s i t e d   t h e  



L.M.T. Laborntories  and h t  Efr. Buaignicd and IJrr LewiE. ' ~A- t r ip  arf-a-then.made 

t o  Trappe,  which i s  a smll raaJo research  development s t a t ion  owned by 

t h i s  company on t h e   o u t s k i r t s  of Paris a p p r o x l m t e l y  20 mi l e s  from t h e  

cen te r  of the  cLty.  A t  t h i s   s t a t i o n  vms a large open f l e l d  where rasasrch 

on many types  of direct ion  f inder   equipmcnt  i s  conducted. The most in -  

te res t ing   device   observed  a t  this s t a t i o n  was a r o t a t i n g   r a d i o  compass, 

opera t ing  a t  ultra high   f requencies  on a r o t a t i n g  Adcock an tenna   mde   up  

of a p a i r - o f   v e r t i c a l   d o u b l e t s .  The r a t e  of r o t a t i o n  m s  e s s e n t i a l l y  con- 

s t a n t  a t  5 revolut ions  per   second.  Tie hor i zon ta l   l eads  from the double ts  

ware  shielded  and  balanced  two-wire  lines. I n  o rde r  that the   phys ica l  

dimensions of the  antenna  systen  should  be cs smll as  poss ib le ,   loading  

c o i l s  were  used in the   ccn tor  of  each f c r t i c a l   d o u b l e t  and the  spacing  be- 

tween  the  doublets   f ixed  a t   approximately 5 feet .   Proper   balance of  t h e  

system was obtained  by  exteqding a v e r t i c a l   r o d  on t o p  of t he  rotating 

s h f t  between  the two ver t i ca l   an t ennas .  'rhis arrangement was necessary 

i n   o r d e r   t o   r e d u c e   p o l a r i z a t i o n   e r r o r s   w k i c h   i n  t u r n  m e e t l y  improved t h e  

accuracy of a i r c r a f t   b e a r i n g s   t a k e n  a t  hi@ m g l e s  of e leva t ion .  A motor 

was used t o   r o t a t e   t h e   a n t e n n a s  and an   ind ica tor  similar t o  t h a t  used i n  

the   Bus igpies  compass was used t o  i n d i c a t e   t h e   d i r e c t i o n  of t h e   r e c e l v e d  

s ta t ion .  This equipment  opereted on frcquanciee  between 30 and 60 mega- 

cyc les .  The ca rd io id   po t tu rn  wes obtained by connecting R condenser f r o m  

t h e   s h i e l d  of the   an tenna   t ransniss ion   l ine   to   one   s ide  of t h e   i n p u t   c o i l  

which i s  connected to   the  receiver .   This   arrangement   provided  the 

necessary  vertical   pick-up  through  capacit ive  coupling  between  the  shield- 

ing and   t he   ve r t i ca l   an t ennas ,   t hus  piving  su f f i c i en t   i n -phase   cu r ren t   t o  



c r e a t e  the necessa ry   ca rd io id   pa t t e rn .  The antenna was on t o p  Of a 

wooden tower   approximte ly  30 foe t   h igh .  The rRdio compass bu i ld ing  YWS 

almost  innediately  below t h i s  towor.  With t h i s  equipment,  benrings  taken 

on t rnnsmiss ions  f r o m  a i r c r a f t  were  accurats  t o  1 degree a t  60 to 70 k i lo -  

n e t e r s  a t  a n   d t i t u d e  of 2000 meters .  I m s  permit ted to manipulate this 

compass and Y J O S  ab le   t o   ob ta in   hea r ings   on   t he   E i f f e l   t ower   t deViS iOn  trms- 

m i t t e r   o p e r a t i w  on 46 megacycles.  which  were  accurate t o  wi th in  1 degree. 

I n  order  t o  danons t r e t e   t he  errors  which wnuld be   caused   by   c lose-by   haners  

o r  r e f l e c t i n g   o b j e c t s ,  R l a r g e  chicken-:vir+ sc reen ,   npprox imte ly  15 feet 

wide end 25 f e e t  long was b@?ndually raised  between two poles  which  were 

e p p r o x i m t e l y  70 f e e t   a m y  from the  antonna. AE the   sc reen  we3 r a i sod ,  

e r r o r s   a s   g r c a t  as plus or  minus 3 were  observed. 
0 

An i n s p c t i o n  was m d e  of anqther  L.M.T. ground d i r e c t i o n   f i n d i n g  

Adcock system  developed f o r  f requencies   be tween  approximte ly  150 m d  1500 

k i locyc le s  and  used a t   m n y   s t a t i o n s   t h r o u g h o u t   F r a n c e .  Each cntenna con- 

s i s t e d  of a mst approximately 40 f o o t  high and  supported  by guy wires  which 

were  broken  up  with  bakulite  insulqtors.   Syrmnetrical  mound sc reens  w o r e  

l oca t ed  a t  the   base  of ench of thzse  nntennes.  The base  of each  entenna 

mast r e s t e d  on heavy  spr ings  on  top of po rce lq in   i n su ln to r s .  The sp r ings  

between  the  antenna ond the   insu ln tor   p reventcd  brecikoge of t h e   i n s u l a t o r  

under   condi t ions of nkchenical   v ibrf l t ion.   Five of  t h e s e  msts  wore  dispose& 

in similar crmngcment t o  o u r  s t m d a r d  5-tower TL t r s n s m i t t l n g   s t a t i o n  an- 

t cnna   Sys t em i n  the Uni t ed   S t a t e s .  However, t he   spec ing  between t h e s e  

antennas was considerobly  less ,   being  only  approxim8tely 300 f e e t  between 

d iagonal   an tenma.   In   o rder   to   b? lmme  the   p ick-up  from each  puir  of  
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mtennss ,   a r rengements   were   incorpora ted   to   jncrease  o r  decrense  the  height  

of mch  ontonnn. A t  the   bcse  of ench  antenna, n shiolded  t lwnsformer m S  

i n s t o l l e d   t o   c o u p l e   t h e   e n e r g y  from the   on tenno   t o  a bnlenced 2-wire 

sh ie lded  r ed io  f requency   l ine .  The m d j ~ o  frcquency  l j .ne employed c1 d ie l ac -  

t r i c  of high  sade  paper  between  the  conductors  which mede i t s  cost   vcry 

low. However, t k i s  type of l i n e  dmr.:mds fl v e r y   c n r e f u l   i n s t a l l a t i o n   p r o -  

cedure,  incismuch G S  eny  leaknge R t  the   ends of t he   ceb le   pe rmi t t i ng  1 0 i S -  

t u r e   t o   e n t e r  will render  it use less .  All j o i n t s  and t ann ine l s  of the   cab le  

have t o  be very   co re fu l ly   s ea l ed .  One of  t he   ou t s t and ing   f ea tu re s  of this 

equipment was t h e   p o s s i b i l i t y  of u t i l i z i n g   r m o t e   c o n t r o l  which  permitted 

t h e   l o c a t i o n  of the  complete  Adcock ?.may on the   . a i rpo r t  nt o d i s t m c e  of 

R E  much ea 3000 f e e t  from the  goniometer cnd receiver  locction.  Received 

energy vms f ed  through the  cnbles   without   excessive loss and bearings could 

be made under  such  conditions  without m y   R d d i t i o n e l   e r r o r .  The e l e c t r i c a l  

l o s s  i n  these   c?b lcs  was 3 t o  4 db per  Idlometer.  The goniometer used with 

this system w s  very  s imple   in   opera t ion   end   the   nu l l s   ob ta ined   wl th   one  

of t hase   r emote ly   con t ro l l ed   d i r ec t ion  f inders  were exce l l en t .  The method 

of determining  sense w . s  to   note   whether   the  goniometer  d i d  hed t o  be 

m t f i t e d   t o   t h e   r i g h t  o r  t o   t h e   l e f t   i n   o r d e r   t o   o b t p . i n  n minimum e f t e r   t h e  

sense  nntennc~ w s  connected i n  the c i r c u i t .  If t h e   F n i o m e t e r  ho~d t o  b6 

ro t s t ed   coun te rc lockwise   t o   ob tn in  a Eiinimum pfter   connect ing  tho  sense  an-  

t e n n a ,   t h e   t r n n m i t t i n g   s t a t i o n  would  be on thr   bor r ing   observed   wi thout   the  

Sense  enteEW..  However, if t ,hc  reversc   were  t rue,  th.t i s ,  if the  gunlometer 

hRd t o  be r o t n t d   c l o a k w i s e  t o  o b t r i n  P. Rinimun Rfter the  sen%  nntonno m a  

connec ted ,   t hen   t he   d i r ec t ion  of t h e   s t n t i o n  would be 180' from  the  bearing 

observed  before  connecting  the  ssnse  nntannc, 
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A por t ab le  Army Adcock system wm nlso observed. The equipment m 8  

i n s t a l l e d  i n  en  enclosed  t ruck  with  tho  ?ntcnnc  systfm r!ounted ex te rnn l ly .  

It w.8 designed t o  operrlte on t h e  same f requencies  1 8  the  systmn j u s t  de- 

scr ibed .  It wns  imposs ib l e   t o   ob te in  TCCCSS t o   t h o   i n s i d e  of  t he   t ruck  due 

t o  t h e   E i l i t r r y   s t f l t u s  of t h i s  equipment,  but it j ~ s  unders tood   th? t   the  

oppcmtus  wns i d e n t i c c l   t o   t h n t   u s t d   w i t h   t h e  Adzock syster,  nlrop.dy  described. 

It could be s o m   t h n t   t h e   n n t e n n n s   c c t u r l l y  wore i d e n t i c e l   t o   t h o s e  first 

descr ibsd ,   uxcspt   thn t   they  w o r e  d o s I ~ n r , d  f o r  p r t n b i l i t y  and  were crrpnged 

f o r  e -sy   e rec t ion .  The t r u c k  t h t  houst>d the   wn iometc r  ?nd r ece iv ing  

cquipment c l so  c c r r i e d  a enelne-gcnor?tm power supply  which  furnished  the 

power necesscry f o r  t h e   > o r t - . b l e   d i r s c t i o n   f i n d e r   s t r t i o n .  This e n t i r e  

equipment  Including nnteermns could be instr . l l t id  by t h r e e  men i n  Rpproxi- 

mnteljr f i v e   h o u r s '   t i n e .  T k , i s  system is  desimGd t3 su rp l tnen t   t he   s t cndr rd  

no ron . - c t i c - l   d i r ec t ion   f i nde r   sys tm us,zd tk rowhou t   F r rnce .  

An inspcc t ion  w?s ?Is0 n-de  of fi d i r s c t i o n   f i n d e r  loop cnd v e r t i c r l  

nntenns  connected t o  P cethode  rzy  tubc.  The pn t t e rn   ob ta ined  w , s  n vary 

t h i n   a p s e  wh ich   go ic t ed   d i r ec t ly   t o   t ho   bea r ing  of t h e   s t n t i o n   r e c e i v e d .  

Beyr i rgs  wi th  th i s   n r rnngmen t   cou ld  Le rend  ,-thin 1 degree. A v e r y  f i n e  

sccle y13s p l F c e e   d i r e c t l y   o v e r  t h ?  cnd of t he  cp.thode rcy tuhe.  T k i s  s cn le  

wp.8 i l l u r i n . t e 6   i n d i r e c t l y  by p r o j c c t l n g  lieht t h m y h  P window s l i r h t l y  

i n  f r o n t  o f  rnd t o  t ho  s ide  of the  cothode rn.y t:lbe on p. plpss s c t  r?t 45 

degrees t o   t h e   o x i s  of v i s ion .  Tbe o u t s t - n d i n g   c h r r ~ c t e r i s t i c  of t h i s  t ype  

of d i r e c t i o n   f i n d e r  m s  t h e  e?~so wlth which the   bepr lngs  could be rc-d on 

e i t h e r   t o l e g r l p h  o r  t c l q h o n e   s t e t i o n s .  

On October 28, I met Mr. :.:ulli,q?n r n d   v i s i t e d   t h e   k b n s s y .  We conferred 

with Mr. Murphy, F i r s t   S L c r e t a r y  of t h e  Embcssy, the   Ki l i tc ry   At tc rche ' ,  
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t he  Naval Attache',   and Mr. Hugh Fu l l e r ton ,  Chief of the  EOonomic Divis ion.  

btr. Mulligan  and I t h e n   v i s i t e d   t h e   l a b o r a t o r i e s  o f  L.M.T. aga in ,  and saw 

a model o f   t he  Lorenz blind  landing  system. By means of various  push- 

b u t t o n s ,   t h i s  unit demonstrated  the  instrument   indloat ions which w x l d  be 

observed i n   t h e   c o c k p i t   w i t h   t h e   a i r p l a n e  i n  var ious  posi t ions  above  and 

below t h e   g l i d e   p a t h ,  t o  one   s ide  o r  t h e   o t h e r  of t h e   p a t h   a n d   d i r e c t l y  on 

t he   g l ide   pa th .  This model has bcen c a r r i e d   o u t  i n  cons ide rab le   de t a i l  and 

has  proved t o  be a very   va lueble   a id  i n  demonstrating  instrument  landing 

t o  b o t h   p i l o t s  and  laymen. A d iscuss ion  was had with Dr. Oearge~Lewis 

Direc tor  of  European I.T.&T. L.bratories, Dr. Daloraine of the L.M.T. 

company,  and hk. Mul l igan ,   i n   oonnec t ion   w i th   t he   r e su l t s   ob t s ined   by   t he  

French Air Minis t ry  on the   curva ture  of t h e  Lorenz  gl ide  path using v e r t i -  

c a l   p o l a r i z a t i o n   a n d   t h e  new type of h o r i z o n t a l l y   p o l a r i z e d   g l i d e   p a t h  

desioned  by Dr. Perroux of t h e  L.M.T. Leboratories.  These results i n d i -  

ca tad  that hor i zon ta l   po la r i za t ion   gave  a f l a t t e r   g l i d e   p a t h   t h a n  was ob- 

t f l i n e d   w i t h   v e r t i c a l   c o l a r i m t i o n .  An average of a l l  t h e  f l i g h t s   t a k e n   b y  

t h e  Air M i n i s t r y   i n d i c a t e d   t h a t  Perroux's antenna  gave a u l i g h t l y   s t r a i g h t e r  

g l i d e   p a t h   t h a n   t h a t  used i n   t h e   U n i t e d   S t a t e s .  However, the   pa th  was sti l l  

de f in i t e ly   cu rved .   Pe r roux ' s   an t enm  d i f f e red  from the  conventional  antenna 

i n  that   one  horizontal   e lement  m a  f ed  180 degrees   out  of  phase with   another  

one d i r e c t l y   o v e r  it so t h a t  a minimum of energy was t ransmi t ted  mlong the 

l o c a l i z e r   p a t h .  Mr. M u l l i p n  and I x e r e   i n v i t e d  t o  inspec t   the  L.M.T. 

instrument   landing a t  Txuyes t h e  following day. 

On October 29, we proceeded  with Dr. Lewis t o  Tmyes. Here we met 

Dr. Perroux, Dr. Lair, and o ther   engineers ,   who,descr ibed   the   sys tm which 

they  had  developed for the  Air Minis t ry  in Frmce. The loca l i ze r   an t enna  



- 11 - 
cons is ted  of two v e r t i c a l   a n t e n n a s ,  one half  wavelength apart, exc i ted  

approximately 170 degrees   out  of phase by  means  of balanced two-wlre 

o p e n   l i n e s .   I n   t h e   c e n t e r  of each  antenna was an inductance c o i l .  One 

i nduc tance   co i l   cons i s t ed  of four  turns ,   whereas   the   o ther   inductance   co i l  

cons is ted  of f i v e   t u r n s .  Across t h e  two i n s i d e   t u r n s  of t h e  lat ter induc- 

t a n c e ,   t h e   c o n t a c t s  of a r e l a y  were  connected for  sho r t ing  them. By open- 

i n g  and c l o s i n g   t h i s   r e l a y ,  a course was produced  perpendicular t o  t h e  

plane of  t hese  two antennas.  It i s  apparent from t he   desc r ip t ion   g iven  that 

one  antenna is s l i g h t l y   i n d u c t i v e  when t h e   c o n t a c t s   a r e  open  and t h e  game 

antenna  becomes s l i g h t l y   c a p a c i t i v e   w i t h   t h e   c o n t a c t s   c l o s e d .  The mgn i tude  

Of t h i s   r e a c t i v e  component controls   both  the  sharpness  of t he   cour se  and 

the   f i e ld   s t r eng th   ob ta ined   a long   t he   cour se .  The other   antenna i s  normally 

tuned  to   zero  reactance.   Courses  8 8  sharp as one-tenth of one  degree in 

width may be  obtained. I n  Europe, i t  is s t anda rd   p rac t i ce   t o   key  all 

r ad io   r anges   w i th   do t   and   dash   s igna l s   i n   o rde r   t o   p rov ide  for both v i sua l  

and   au ra l   i nd ica t ion  o f  courses.  The maximum ampl i tude   r a t io  of  dash t o  

do t  and dot  t o  dash   occu r s   app rox imte ly  1 2  degrees  of f  course on e i t h e r  

s i d e  of the   course .  A course  wldth  of  one-tenth  of  one  degree  has  been pro- 

nounced  by  French p i l o t s   t o  be  too  sharp  and  as  D. r e su l t   t he   cou r se   w ld th  

has  been  increased  to  appmximately  one  degree.  Measurements  were made on 

the  course  width  and  observations.were made on k e y   c l i c k s   a t  a d i s t ance  of 

approximately 400 feet from the   antenna  wlth a por tab le  monitor rece iver .  

Key c l i c k s  were   neg l ig ib l e   and   t he   qua l i t y  of keying was very good. The 

course was fils0 much sharper  than  observed on the  Lorenz  instrument   landing 

system when it m a  first t e s t e d  i n  America. The major advantage of t h i s  

l o c a l i z e r  IS tha t   on ly   one   r e l ay  i s  r e q u i r e d ,   t h m  minimizing key c l i c k s  

a n d   t h e   d i f f i c u l t i e s   i n v o l v e d  i n  synChronizing two r e l a y s  R E  used i n  the  
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Lorenz system. The major o b j e c t i o n   t o   t h i s   l o c a l i z e r  was t h t  a t  r i g h t  

ang le s  t b  t h e  main cour se ,   t he re  were tm very  broad  courses  which  were 

a p p r o x i m t e l y  30 degrees  wide. I t  was noted that t h e r e  m s  a small d i s -  

placement of t h e  main courses  from a t rue r e c i p r o c a l   r e l a t i o n  due t o  t h e  

f a c t   t h a t   t h e   c u r r e n t  in the   resonated   an tenna  was s l i g h t l y   g r e a t e r   t h a n  

t h a t   i n   t h e   a n t e m  which  remained  reactlve.  This condition  could  have 

been e l i n i n a t e d   b y   i n s e r t i n g  a f ixed   r e s i s t ance  4n se r i e s   w i th   t he   non- reac t ive  

antenna;   however ,   th is  was oonsidered  unnecessary and m s  not used. 

Perroux po in ted   ou t   t ha t  i f  i t  were  necessary  to  have  reciprocal  courses,  

he would p r e f e r   t o   s h u n t   t h e   l o a d i n g   c o i l  i n  t h e   c e n t e r  o f  the  antenna  with 

a r e s i s t a n c e   r a t h e r   t h a n  use a series r e s i s t a n c e .  This method was con- 

a idered mre d e s i r a b l e  f rom t h e   p o i n t  of vim of r e s i s t a n c e   f a i l u r e ,  since 

hn open ing   r e s i s to r  would  not  cause R course failure, b u t   m u l d   o n l y   s h i f t  

t he   cou r se  one o r  two d e g e e s .  It was t he i r   expe r i ence  when t e s t i n g   t h e  

Lorenz  system a t  Le Bourget that key   c l i cks  were  one of  t h e  m j o r  problems 

encountered  and  considerable   t ime  and  pat ience  mmrequired t o  e l imina te  

them. h i s  system  they  claim  gave no key c l i c k   d i f f i c u l t i e s   w h a t e v e r  even 

though  the circulating curren t   th rough  the   re lay  w a ~  approximately  10 

amperes. One of t h e   r e l a y s  which  had  been i n   s e r v i c e  for approximately a 

year  carrying a c i r c u l a t i n g   c u r r e n t  o f  10 amperes was inspected.  It PYBB 

found that t h i s   r e l a y  m s  i n  excel lent   condi t ion  and  the  contacts  m r e  st i l l  

e n t i r e l y   s a t i s f a c t o r y .  This was cont rary  t o  what  would n a t u r a l l y  be e x p c t e d ,  

bu t   apparent ly   wi th   p roper   des iep   th i s  i s  not a problem of any  consequence. 

The g l i d e   p a t h  was produced by ano the r   t r ansmi t t e r   ope ra t ing  on a d i f -  

f e r en t   r ad io   f r equency   i n to  e sepnrate   antenna.  This antenna was loca ted  

approximately 18 f e e t   i n   f r o n t  of t h e   l o c a l i z e r   a n t e n n a .  It was t h e i r  

ul t imate   plan,   however ,   to  locate t h i s  glide path  antenna t o  one s i d e   o f  
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t h e  runway, w l t h  an arrangement  such a8 m s  or ig ina l ly   deve loped  by the  

Civ i l   Aeronaut ics   Author i ty   in   o rder  t o  completely  divorce  the ta, t r a n s -  

mission  system,  thus  enabl ing  each  antenna t o  be designed t o  best  advan- 

tage.  The arrangement of t h e   g l i d e   p t h   a n t e n n a  was a8 follows: Two 

ho r i zon ta l   doub le t s   f ed   i n   t he   midd le  und loca ted  in a plane  perpendicular  

t o  the   l oca l i ze r   cou r se  were  spaced a half  wavelength  and  excited 180 

degrees   out  of  phase. In t h e  same plane  and  one  quarter  wavelength  below 

the  lowest   antenna was loca ted  a r e f l e c t o r .   A n o t h e r   r e f l e c t o r  was l oca t ed  

one  quarter  wavelength  behind  the  lowest  excited  antenna. The method of 

ad jus tnent  was t o  first tune   the   lower   exc i ted  eatenna t o   z e r o   r e a c t a n c e   a s  

indicated  by maximum current   with  the  upper   exci ted  antenna  disconnected.  

The upper  oncited  antenna was then  connected  and i t s  l e n g t h   e d j u s t e d  f o r  

minimum c u r r e n t   i n  a horizontal   doublet   located  several   wovelengths  i n  

f r o n t  o f  t h e   a n t e n n a   a t  a he igh t   appmxina te ly  1/2 mvelena th   above   t he  

pound .  In t h e   p a r t i c u l a r   i n s t a l l a t i o n   o b s e r v e d ,   t h e  upper antenna was 

approximately 595 s h o r t e r  t han  the  lower  exci ted  antenna.  The two r e f l e c -  

t o r s  were  approximately 5$ longer   than   the   an tenna .  The he ight  of t h e  

lower  rcflector  above  ground WEIE eppmximately 1/4 wavelength. 

The two an tennas   were   phys i ca l ly   i den t i ca l  i n  all r e s p e c t s ,   b u t   d i f -  

fe ren t   rodula t ion   f requencies   were   used .  The l o c a l i z e r  w s  modulated a t  

approximately  1150  cycles   and  the  gl ide  path  t ransmit ter  a t  2000 cycles .  

The l o c a l i z e r  and the  markers  were all o p s r a t e d   a t  a frequency  of 33 mega- 

cyc le s ;   t he   g l ide  p a t h  a t  38 megacycles. This d i f f e r s  f r o m  the  Lorenz 

system i n  which   the   loca l izer   and   g l ide   pa th  are both  on 33 megacycles, 

inasmuch as t h e  same t r a n s m i t t e r  is u t i l i z e d  t o  produce  both  the  gl ide 

pa th  and t h e   l o c a l i z e r   s i g n a l s .  The markers   with  the  Lorenz  system  are  

operated on 38 megacycles. L.M.T. r e a l i z e s   t h e   i m p o e a n c e  o f  having  the 
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markers on a frequency  separate  from t h e   l o c a l i z e r  Rnd i s  cons ide r ing   s t eps  

t o  be   t aken   to   ob te in  a th i rd   Requency  f o r  the   na r ,ke r s .  In o t h e r  words, 

t hey   f ee l   t ha t   t he   t h ree   fundamen ta l   t pnsmlse lons   r equ i r ed  for i n s t n u l e n t  

landing  should  be  supplied on three d i f f e ren t   r ad io   f r equenc ie s .  In this 

r e s p e c t ,   t h e y   c o n c u r   e n t i r e l y   x i t h  American p r a c t i c e .  

It m s  i n t e r e s t i n g   t o   n o t e   t h a t   t h e   t r a n s m i s s i o n   l i n e s   t o   b o t h   t h e  

g l i d e   p a t h  and t o   t h e   l o c a l i z e r   t r e n s m i t t e r  were made of l2-gauge  Open-wire 

t r a n s p o s i t i o n   i n s u l a t o r s   a t   f r e q u e n t   i n t e r v a l s .  The t r a n s m i t t e r s   were^ l ooa t -  

ed i n  a building  approximately 30 fee t   behind   the   g l ide   pa th   an tenna .  

The  tube  l ine-up  used i n  t h e   t r a n s m i t t e r s  was ra ther   un ique  i n  that t h e  

f l f t h  harmonic was t a k e n   d i r e c t l y   o f f  from t he  f irst  o s c i l l a t o r   t u b e   a n d  

s u f f i c i e n t  power was ob ta ined   t he re f rom  to   d r ive  a 304-B, which was t h e , -  

type  of tube i n  t he  first doubler   s tage.  A tube  very similar t o  our 807 

was u t i l i z e d  in t h e   c r y s t a l   s t a g e .  Tu0 304-B doubler   s tages   were  next  in 

the   sequence  af ter   which came a W4-B push-pull   fundamental   amplifier stage 

d r i v i n g  two large  t r iode  output   tubes  which  del ivered  approximately 400 

watts t o  the  antenna.  A l l  t u b e s   i n  this t r a n s m i t t e r   w e r e   s a i d   t o   g i v e  a t  

least 3000 hours of l i f e .  The frequency of t h e   c r y s t a l  used was 3.8 

megacycles. The c r y s t a l   o s c i l l s t o r   c i r c u i t  was descr ibed as one  which gave 

"pa r t i a l s " .  In other   words ,   there  tws no c i r c u i t  i n  t h e  o s c i l l a t o r   s t a g e  

which was tuned   to   the   fundamenta l  of t h e   c r y s t a l ;   t h e   p l a t e   c i r o u i t  was 

tuned t o  t h e   f i f t h   h r m o n i c   d i r e c t l y .  A copy of  this c i r c u i t  was obtained 

for comparison  with  c i rcui ts   which we a r e  now u t i l i z i n g .  It should be 

mentioned i n   t h i s   c o n n e c t i o n  that two watts output  m s  obtained *om t he  

f i f t h  harmonic of t h e  first tube. The h i g h   v o l t a g e   r e c t i f i e r s  used i n  

both  t ransmit ters   were  selenium  tubes and heve  been i n   o p e r a t i o n  f o r  approx- 

imate ly  two years   wi thout   any   d i f f icu l ty   whatsoever .  It might be mentioned 



- 15 - 

tha t   the   t rananr i t te r   has   been   le f t   unopera ted  f o r  s e v e r a l  months a t  a time 

under   r e ln t ive ly  damp condi t ions .  Nhen months l a t e r   t h e   t r a n s m i t t e r  WRS 

ngain   p laced   in   opera t ion ,  no difficulty h e 8  been  encountered  due t o  mOiS- 

t u r e  on t h e  d i s h  of t h e   r e c t i f i e r .   E x p e r i e n c e   w i t h   t h e s e   r e c t i f i e r s  

i n d i c a t e s   t h a t   t h e y  m e  very   conserva t ive ly   ra ted .  The s e c r e t  of  t h e i r  

success  i s  p a r t i a l l y  due t o  this f a c t .  I n  o ther   words ,   the  only  7aSSi- 

b i l i t y  of damaging such a r e c t i f i e r  i s  t o   s u b j o c t  it to   oxcess ive   ove r load  

f o r  a prolonped  period o r  t o   app ly   excess ive   vo l t age   ac ros8  the r e c t i f i e r  

element 8. 

The marker  beacons we saw were v e r y   i n g e n i o u s   i n   t h e i r   c o n s t r u c t i o n  

and   t he   r e su l t s   ob ta ined   w i th  them wtire exce l l en t .  The th ickness- to-  

l e n g t h   r a t i o  of t h e   f i e l d   p a t t o r n  was approximately 6 t o  1, which makes 

this des icn   o f   an tenna   idea l ly   su i ted  f o r  fan narkers and inner or o u t e r  

m a r k e r s   o f   i n s t m i e n t   l a n d i n g   s y s t e m s .   B r i e f l y ,   t h e   a n t e n n a   m y   b e   d e -  

scribed a s   c o n s i s t i n g   o f  a f an   na rke r  similar t o  our  o m  with  another  set 

of  antennas  one-half  wavelength  above  the  lower  antennas  and  fed 180 

degrees   ou t  o f  phase  therewith.  The arrengenent   devised t o  accompl i sh   t h i s  

cons i s t ed  o f  f o u r   s p m e t r i c a l  loops i n  l i n e   i n   t h e  sme plane,  each  hoving 

a physical   dimension of  one-hfllf  -mvelength a n  a s ide .  The two c e n t r a l  

loops   were   exe i tzd   th rough  connec t ions   to   the   inner   lower   ad jccent   corners .  

The mutucl  impedmce  between  the inner s n d   o u t e r   l o o p s   r e s u l t e d  in voltaEes 

b e i n g   f e d   t o   t h e   o u t e r   l o o p s   b y   t h e   v e r t i c a l   m e n b e r s  between the   inner   and  

ou te r   l oops  which wau adjncent .  The dimensions of t h e   p e t t e r n   a t  an 

a l t i t u d e  of 450 f e e t  were 525 f e a t   i n   w i d t h  by 3000 f e e t   i n   l e n g t h .  The 

Ju tpu t  of t h e  t r n n s m i t t e r  end t h e   s e n s i t i v i t y  of t he   r ece ive r   were   ad jus t ed  

i n  o r d e r   t o  give a r.mx€mm serv ice   he igh t  of 2100 f e e t .  The maximum 
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th ickness   occur red  a t  1200 f e e t  where it ms 660 feet .  I n  normal f l ieht  

the  marker  could  he  heard f o r  approximately 5 seconds.  Only  one  marker 

beacon   i nd ica to r   l i gh t  was uaed i n   t h e   c o c k p i t ;  i t  served  both  the inner 

and  outer  markers.  The F rench   f e l t  that one l i g h t  m s  s u f f i c i e n t  and 

that t h e  visual difference  between  short   dots end long  dashes was enough 

t o   e n a b l e   t h e   p i l o t   t o   d i f f e r e n t i a t e  between  them a s  he  passed  over  the 

inne r  or  outer   markers .  This na tu ra l ly   s imp l i f i ed   t he   equ ipnen t  i n  t h a t  

only one o u t p u t   f i l t e r  was requi red ,   s ince   the   sane   c ,odula t ion   f requency  

was u t i l i z e d  on   bo th   mrke r s .   Th i s   d i f f e r s  from o u r  p r a c t i c e   i n  that sepa- 

ra te   audio   f requencies   a re   used  I n  Anerica f o r  the   inner  and outer   marker .  

Each has i t s  own i n d i c a t o r   l i h h t  of d i f f e r e n t   c o l o r ,  which g i v e s   t h e   p i l o t  

a st i l l  more posi t ive  check as t o  whether  he is ove r   t he   i nne r  o r  t h e  outer 

marker. I n  t h i s   c o u n t r y ,   t h e   p i l o t   h a s   t h r e e  complementary p o s s i b i l i t i e s  

of determining  whether  he i s  over   the   inner  o r  ou te r   marke r .   F i r s t ,  he has 

the   d i f f e rence   i n   t one   be tween   t he   i nne r  and outer  marker,   which may be 

heard  in   the  headphones;   second,  he h a s   d i f f e r e n t   c o l o r e d   l i g h t s  which 

ope ra t e   on ly   on   t he i r   co r re spond ing   mrke r ;  and, t h i r d ,  he has the  very 

r ap id   do t s   wh ich   a r e   t r ansmi t t ed   au ra l ly   end   v i sua l ly  on t h e   i n n e r   m r k e r  

only and dashes  which  are   t ransmit ted  only  on  the  outer   mRrker .  

The c i r c ra f t   r ece iv ing   appa ra tus   des igned  f o r  use   wl th   the  L.M.T. 

system was i n t e r e s t i n g .  It cons is ted  of a s ing le  chassis on which  were 

mounted two superheterodynes.  The t o t a l  weight ,   inc luding   the  power supply 

and i n d i c a t i n g   i m t r u m e n t g   t o t a l l e d   o n l y  30 pounds. The l o c a l i z e r  super- 

heterodyne  receiqer  consisted of t h e  fo l lowing  &enera1  tube  l ine-up: 

one rad io   f requency   ampl i f ie r ,  one f irst  detector   and  converter ,  two in ter -  

media te   f requency   ampl i f ie rs ,   seaond  de tec tor ,  two audio a m p l i f i e r s ,  a 
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c r y s t a l   o s c i l l a t o r ,   s n d  a c rys ta l   f requency   doubler .  The g l i d e   p a t h  

r e c e i v e r  vms i d e n t i c a l  i n  e l l   r e s p e c t s ,   e x c e p t  that o n l y  one I.F. ampli- 

f i e r  was used end t h e  first redia f requency  tube m s  biased  wel l   back 

i n  o r d e r   t o   g r e a t l y   r e d u c e  i t s  s e n s i t i v i t y .  ?ne lo&l.izer receiver   had a 

s e n s i t i v i t y  of one  microvolt   with  autormtic volume con t ro l .  Trio g l i d e  

pa th   r ece ive r  had a s e n s i t i v i t y  of a p p r o x i m t e l y  3000 microvol ts .  It ‘ 4 9  

noted t h t  the  p l i d e  p t h  and   l oca l i ze r   i n s t rumen t s  were  extremely  l ight-  

we igh t ,   t ha t  is ,  much l i g h t e r ’ t h a n   t h o s e   u t i l i z e d  i n  Arcer.ioa. 

A c o n t r o l  was provided  on  the  output  of  t h e   g l i d e   p a t h   r e c e i v e r   i n  

o r d e r   t h a t   t h e   p i l o t  as he   passed   the   ou ter   marker   mipht   wi th in   def in i te  

l i m i t s   s e l e c t   t h e   p r o p e r   g l i d e   p a t h .  Tjis was accomplished by mefln6 of 

a b r i d g e   c i r c u i t  i n  o r d e r   t h a t   t h e   s e n s i t i v i t y  of t he   E l ide   pa th   ,w in te r  

w l l l   n o t   v a r y   a t   d i f f e r e n t   s u t t i n g s .  It should  be  pointed  out that a shunt  

ac ross   t he   E l ide  s t k  n e t e r  would not  be a s a t i s f a c t o r y  means of accomp- 

lishment.  inasmuch ns t h e   s e n s i t i v i t y   o f   t h e   i n s t m e n t  would vary  widely,  

depending u w n  the   vz lue  of t h e   s h u n t   r e s i s t o r  as it is adjus ted .  For 

t h i s   r e a s o n ,  8 b r i d g e   c i r c u i t  was devised so t h a t   t h e   s e n s i t i v i t y  of t h e  

needle wovld r eca in   cons t an t   r ega rd le s s  of t h e   a c t u e l   g l i d e   p a t h  flown. 

The c i r c u i t  diagram  of t h i s  br idge  srrEngeuent  was obtained.  Actua l  

experiments   proved  this  t o  be   e s sen t i a l .  With t h i s   r e c e i v e r ,  it was pos- 

s i b l e   t o  come in   ovz r   t he   ou te r   marke r  a t  any   a l t i t ude   be tween   de f in i t e  

limits, say from 600 t o  1000 f e e t ,  and  descenl a t  any r a t e  which t h e  

flight c h a r a c t e r i s t i c s  of t h e   a i r p l a n e  would permit.  

A l a r g e  number of g l i d e  p t h  cwvus   ob ta ined   wi th   bo th   the   Lorenz  

system and t h o  L.M.T. systelr.  were  analyzed. It was n o t e d   t h a t   t h e r e  m e  

considerable   var ia t ion  between  the  Loranz  pl ide  path  and  tho L.M.T. g l i d e  
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path.  This  d i f f e r e n c e  i s  a t t r i b u t e d  t o  t h e   f a c t  that v e r t i c a l l y  polar- 

i z e d  waves  were used vrl th   the  Lorenz  gl ide  path,   whereas   the L.M.T. system 

used   hor izonta l ly   po lar ized  waves. Man1 t e s t s  were  conducted on t h e  L.M.T. 

system by changing  the  phase  re la t ions  between  the  upper   exci ted  antenna 

and the  lower  exci ted  antenna cxl it was found t h a t   t h i s   r e s u l t e d  i n  slight 

d i f fo rences  in these   curves .   This   ind ica ted  that when t h e   f i e l d   i n  f r o n t  

of the   t ransmi t t ing   an tenna  was a t  a minimum, t h e   p e t h  w8s s l i g h t l y   s t r a i g h t e r .  

The very  baat  condition  which waa observed  followed  the law of  approxinmtely 

= py .   Th i s   d i f f e r s   ve ry   s l iRh t ly  Prom the curves we have flown i n  x1.9 

t h i s   c o u n t r y  which i n d i c a t e  that the   eqca t ion  which t h e   g l i d e   p a t h  follows 

i s  q u a l   t o  X = py. I n  o rde r   t o   p rov ide  e f u r t h e r   r e f e r e n c e  of t h e s e  

points,  averages  were  cowputed. The fo l lowing   va lues  are Riven for hor i -  

zon ta l   po la r i za t ion   u t i l i z ing   t he   phase   d i f f e rence   be tween   t he   uppe r  and 

lower   Exci ted  antennas  which  gave  the  s t ra ightest   g l ide  peth  with  the  ver-  

t i ca l ly   po lar ized   Lorenz   sys tem.  

2 

P o l a r i z a t i o n  X Y - -  
Horieonta l  4600 2% 

2800 106 

V e r t i c a l  4600 223 
2800 90 

X = t h e   d i s t e n c e  from the   an tenna  t o  a point  immediately  beneath 
t h e   a i r p l a n e .  

Y = t he   hu i@t  of t h e   a i r p l a n e .  

'pwo mothods of o b s e r v i n g   t h e   g l i d e   m t h  were  used. One u t iL ized  a 

recording  barograph. When d i r e c t l y   o v e r   t h e   i n n e r  and o u t e r   m r k e r s ,   t h e  

graphic  recordlnpvmsmarkod. The plane was then  f lown down t h e   p l i d e   p a t h  

and  the  curve  obtained  on  the  barograph  indicated  tho  curvature  of t h e  

g l ide   pa th   d i r ec t ly .   Th i s  method is no t   cons ide red   su f f l c ion t ly   accu ra t e  
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due t o  lag i n  response of the  barometric  recording  instrument.   Another 

method  which is cons idered   to   be  pluch n o r e   s a t i s f a c t o r y  is t o  fly a t  a 

cons tan t   a l t i tude ,   in te rcept   the   pa th   and   obsarve   the   po in t  on the  pound 

over  which  the  plane waa a t   t h e   i n s t a n t   t h e   p a t h  we8 i n t e rcep ted .  A bonb 

s i g h t  i s  used i n   n o t i n g  t h i s  p o i n t   a s   i n d i c a t e d  by t h e   e x a c t l y   h o r i z o n t a l  

p o s i t i o n  of t h e   i n d i c a t i n g   i n s t r u m e n t   m i n t e r .   I n   a d d i t i o n  to no t ing   t he  

p i n t s   a t  which the   ho r i zon ta l   need le  i s  centered for given  posi t ions of 

t h e   a i r p l a n e ,   p o i n t s   a r e   t a k e n  f o r  o t h e r   p o s i t i o n s  of t he  glide pa th   po in t e r  

80 that t h e  g l i d e  p a t h  can  be  calibratc-d  throughout i t s  en t i r e   r ange  for 

va r ious   pos i t i ons  of t he   i nd ica to r .  In o the r  words, curves of a l t i t u d e  

against d i s t a n c e   a r e   p l o t t e d   f o r   v a r i o u s   r e c e i v e r   o u t p u t s .  This g ives  a 

complete   graphical   indicat ion o f  t h e   l i m i t s  and t o l e r a n c e s  which  would,have 

t o  be   es tab l i shed  i n  order  t o  c l e a r   a l l   o b s t r u c t i o n s   a l o n g   a n y   p a r t i c u l a r  

g l i d e   p t h .  

October 30 and 31 and Noverr.ber 1 were  spent propring f o r  the  sessions 

Of t he   Th i rd  World Conference of Radiotelegraph Experts  f o r  Aeronautics.  

On October 31, a v i s i t  was made t o  Kr. Giusta of t h e  A i r  Minis t ry  of France, 

who has charge of a l l  Equipment for use i n  a l l  government a i r c ra f t .  It 

m S  l earned  that all f i g h t i n g   a i r p l a n e s  i n  the  Army c a r r y   t r a n s m i t t e r s  

which  weigh 28 kilograms and  have an output o f  260 watts. Apparently,  Mr. 
Gius ta ’ s   g rea t e s t   conce rn  a t  t h e  moment was t h e  combating of i c e  on a i r -  

c r a f t .  He m a  planning a t r i p   t o   t h e   U n i t e d   S t a t e s  in order t o   s t u d y   t h e  

work done  by t h e   c i v i l   a i r l i n e s  i n  America i n  o r d e r   t o   o b t a i n   i n f o r m t i o n  

which would a s s i s t  them i n  e l imina t ing   i ce  from m i l i t a r y   a i r c r a f t ,  

November 2 ,  3, 4 ,  and 5 were  spent in t h e  sessions of the  Third World 

Conference of  R a d i o t e l e m p h   E x p e r t s .  The e n t i r e  work of th i s   conference  

i s  Covered in a s e p a r a t e   r e p o r t   t o   t h e   S e c r e t a r y  of S t a t e  by the   Delegat ion 
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of the   Un i t ed   S t a t e s ,   cop ie s   o f  which  have  been  furnished t h e  Authori ty .  

November 6 was devoted t o   t h e   p r e p a r a t i o n   o f   t h a t   r e p o r t  and t o   t h e  

inspection  of  inventions  which  were i n   t h e   p r o c e s s   o f  development by 

Marcel  Viallacg. One was a 5-meter  device  using a ca rd io id   pa t t e rn  i n  con- 

junc t ions   wi th  a cathode  ray  tube.  Another  development was a r e c e i v e r   w i t h  

ca thode   ray   tube  f o r  ob ta in ing   s imul taneous ly   th ree   bear ings  from t h r e e   d i f -  

f e r en t   r ad io   s t a t ions   ope ra t ing   con t inuous ly  on t h r e e   d i f f e r e n t   r a d i o   f r e -  

quencies.   Neither o f  these  developments KBS i n   o p e r a t i w   o r d e r  and so  

could  not be demonstrated:   therefore ,  it was imposs ib l e   t o   ob ta in   an   i dea  

o f  t h e i r   p r a c t i c a l   v a l u e .  I a l s c  saw an  ul t ra-high  f requency  panoramic  re-  

ce ive r  which  operated  on 5 meters .  A ro ta t ing   condenser   opera ted  by a motor 

swept t h e  R.F. a m p l i f i e r ,   t h e  first de tec to r ,   and   t he   o sc i l l a to r   s imu l -  

taneously  through a given  frequency range while a cam on t h e  same motor 

shaf t   0pera ted .a   swi tch   in   synchronism on a cathode  ray  tube so t h a t   t h e  

output  of t he   r ece ive r   i gn i t ed   t he   ca thode   r ay   t ube   on ly   ha l f  of the   t ime.  

This mas n e c e s s a r y   i n  o r d w  t o   e i v e  a sweep i n  one d i r ec t ion   w i thou t  a Oon- 

fused   p i c tu re  on the   ca thode   ray   osc i l lograph .  A model of  a r a d i o  compass 

was observed  which worked on the   p r inc ip l e   o f   connec t ing  first one  loop 

and then   another  t o  t he   i npu t  o f  t h e   r e c e i v e r .  A synchronous  notor  ac- 

complished  the  switching  through a p a i r  of con tac t s  which a l t e r n a t e l y  con- 

nected f irst  one   then   the   o ther  of two cross   l oops   t o   t he   i npu t  of a r e -  

c e i v e r -  By mechanica l ly   l ink ing   th i s   a r rangement  up w i t h  the   ou tput  o f  

t h e   r e c e i v e r ,  it was p o s s i b l e   t o   o p e r a t e  a cathode ray t ube  which would 

i n d i c a t e   t h e   d i r e c t i o n  of t h e   s t a t i o n .  This development was not   ye t  com- 

p l e t e ,   b u t  showed cons ide rab le   i ngenu i ty   i n   app l i ca t ion  of t he   i dea .  

On November 7 ,  I v i s i t ed   V i l l acoub lay  which i s  a m i l i t a r y   a i r f i e l d  

jUEt ou t s ide  of P a r i s ,   P e r m i s s i o n   f o r   t h i s   v i s i t  was obta ined  by our  
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Mil i ta ry   At tache '  a t  t h e  American  Fmbassy. I observed a Morane-SaulnieP 

pu r su i t   sh ip   w i th  a complete   ul t ra-high  f requency  t ransmit ter  and rece ive r .  

Bo th   t he   t r ansmi t t e r  and r ece ive r  had a continuous  frequency  range from 5 

t o  10 metors .   Ordinar i ly   theywe=  adjusted t o  opera te  on two p r t i c u l a r  

predetermined  frequencies  which  could  be  remotely  selected in f l i g h t .  The 

transmitt ing antenna  protruded from t h e   t o p  of t he   fu se l age   abou t   f ee t .  

The receiving  antenna was projec ted  f r o m  the  bot tom  to  a l e n g t h  of appmxi -  

mats ly  29 f e e t .  The mtenna  underneath  the  ship  had t o  be r e t r a c t e d  when 

the   wheels   were   lo t  down for landing or t akeof f .  Thls was accomplished  by 

mechanically arrenging for t h e   a n t e n n a   t o  be t ipped  up a g a i n B t  the  bottom 

of t h e   s h i p  when the  wheels  were i n  l and ing   pos i t i on ,  and for ex terd ing  

the  antenna when the   wheels   were   re t rac ted .  This ent i re   equipnent   weighed 

approrirnately 38 kilograms. I n   t h i s   a i r c r a f t  which m s  equipped f o r  i n s t r u -  

rrient landing ,  it was observed  that   the   marker   beacon  antenna was placed 

i n s i d e  a p iece  of s t r e d i n e d   b a k e l i t e  o r  wood which was afiixt2.d t o  t h e  

bottom of the   sh ip   approximate ly  1% inches  below  the steel members. This 

Wve  an   an tenna   pos t   en t i re ly   p ro tec ted  f r o m  ice and one which  presented 

v e r y   l i t t l e   d r a g  on t h e  a i r c r a f t .  It was mentioned t h a t   t h e i r   t e s t s  had 

proved t h i s   a n t e n n a   t o   b e   e n t i r e l y   s a t i s f a c t o r y .  

I inspec ted   a l so  two complete two-way ultra-high  frequency  connumica- 

t i o n   s t a t i o n s  which were con ta ined   i n   t rucks  and trailers a n d   e n t i r e l y  

por tab le .  They were  used for cornmica t ions  from ground t o  plane  on ultra 

high  f requencies .  One of these  complete  equipments was made by  Thonpson- 

Houston and t h e   q u a l i t y  of the  mrkmanship was found t o  be  very  good. The 

manufacturer o f  t h e   o t h e r  equipment i s  not h o r n .  The t r u c k   c a r r i e d   t h e  

t r a n s m i t t i n g  equipment  and  power  supply for t h e   e n t i r e  unit inc luding  t h e  

receiver. Power and cont ro l   cab les   ex te rded  from t he   t ruck  t o  a t r a i l e r  
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which  could  be  located  anproximtely 300 f e e t  away. This t r a i l e r   c a r r i e d  

the  ul t ra-high  f requency  receivers   and  microphone  control   apparatus .   In-  

s t r u c t i o n s  from the   g round   were   t r snsmi t t ed   d i r ec t ly  from t h e  trailer t o  

t h e   a i r c r a f t  i n  f l i g h t .  In addition,  equipment was incorporated i n  t h e  

t r a i l e r  f o r  communication  by  wire l i n e  wi th  a comnand unit which  could 

t a l k  back t o   t h e   a i r c r a f t   o v e r   w i r e   l i n e  and ul t ra   high  f requency  rLdio.  

The t r a n m d t t e r  of one unit msopera t ed  a t  a p p m x i m t e l y  50 watts ou tpu t ,  

t h e   o t h e r  200 a t t s .  T,,e r e c e i v e r s  were  superregenerators ,   which  the  French 

l i k e   v e r y  much f o r  t e l ephone   aomunic f l t i on   w i th   a i r c ra f t ,  bu t  do not  

recommend f o r  beacon  reception due t o   t h e i r   t e n d e n c y   t o   o v e r l o a d ,   g i v i n g  

t h e   e f f e c t  of  broad loca l i ze r   cou r ses .   Bo th   t he   t r ansmi t t i ng  end r ece iv ing  

antennas  were  halfwave  ver t ical ly   polar ized  douhlets   arranged BO they  were 

e n t i r e l y   p o r t a b l e .   I n   e a c h  of t h e   t r a i l e r s  were   loca ted   th ree   u l t ra -h igh  

frequency  receivers ,   which  could  s imultaneously  euard  three  different   radio 

frequencies .  I n  one of t h e   i n s t a l l a t i o n s ,  I saw a rubber   covered   f lex ib le  

ul t ra-high  f requency  concentr ic   cable  of very low l o s s  construct ion.  It 

was made of  f lexible   wlre ,   cup-shaped  beads,   copper   braid,   and  rubber   cover-  

i n g  and very highly  developed and e n t i r e l y   s a t i s f a c t o r y  f o r  t ransmission 

l i n e s   t o   p o r t a b l e   a n t e n n a s .  

I was next shown a comple te   por tab le   rad io   s ta t ion  for tm-imy com- 

munications 3 i t h  equipment f o r  recept ion  of frequencies  from 30 megacycles 

t o  30 k i locyc le s .  The s t a t i o n  was also  equipped  with a ro ta tab le   loop   an-  

te-. 'hansmi t t ing   equipent   covered   bo th  low frequencies  and  hi@ f ie-  

quencies. They  were l o c a t e d   i n  a truck  together  with  engine  Venerator 

equipment ;   the   rece ivers   were   car r ied  i n  a s e w r a t e   t r a i l e r   e f t e r   t h e  

manner of the   u l t ra   h igh   f requency   un i t s   p rev ious ly   descr ibed .   T i le re  m a  
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demonstrated also a very  ingenious  portable  mast  which  could be rRised 

i n  about  one  minute t o  a he igh t  of approximately 60  f e e t .  The antenna 

cons is ted  of about s ix  sec t ions  of concentr ic   tube which  extended i t s e l f  

by means of  compressed a i r   f o r c e d   i n  a$ t h e  bottom  of t h e  hollow mast. A t  

t h r e e   d i f f e r e n t   p o i n t s ,   s e t s  of t h r e e  guy wires :?me l occ t ed .  When i t  was 

d e s i r e d   t o   r a i s e  t h e  mas t ,  a p o r t a b l e   e l e c t r i c  air  compressor, powered from 

a 110-vol t   por table  l i n e ,  was brought t o   t h e  bottom of t h e  rest. The cor- 

pressor f o r c e d   a i r   i n t o   t h e   b o t t o m  of the  antenna and t h e  m.st autorratic- 

a l l y   p r o j e c t e d   i t s e l f  upward.  Each  of t h e   s e c t i o n s  was approximately 10 

f e e t  low. T h i s  mast was used t o  support   the   long wave antenna. To d i s -  

mant le   the  mst, s n  air velve was opened  and the  seot j .ons  s lowly  te lescoped 

wi thout   any   o t ten t ion .  

Probably  one of t h e  mst i n t e r e s t i n g  th.!ncs I .?-Y whi le   i n  Europe we8 

t h e   d e m n s t r a t i o n  of t he  S.A.D.I.R. u l t r a -h igh   f r equency   d i r ec t ion  f inde r  

which  covered  frequencies  from 30 t o  60 xegacycles .  This equipment was in -  

s t a l l e d   i n  a t r a i l e r .  It cons i s t ed  of an  ul t rn-high  f requency ganged 

superheterodyne  receiver   with  tuning  rewc  f rom 30 t o  60 megacycles. It 

incorpora ted  a pUSh-pd1  tuned  radio  f rcnucncy  a~:pl i f ier ,  a p u s h - p u l l   f i r s t  

d e t e c t o r ,  and a s i n g l e  ended o s c i l l a t o r ,  all o f  which employed t h e  954 

type  of  tube.  Its two in te rnedia te   Ercqucncy   ampl i f ie rs ,   second  de toc tor ,  

and two s t a c e s  of  m d i o   m p l i f i c a t i o n   a l l   u s e d   m t o l   t u b e s .  The power sup- 

p l y  was o x t c r n e l   t o   t h e   r e c e i v e r  rrnd operated from Q 5 0  cyc le ,  110 v o l t  

power supply.  The antenna was vcry   un iquc ,   cons i s t ing   t s son t i a l ly  of on 

Adcock i n  one  plane,   except  thnt  ecch o f  t h e  dipolesms 0 U-shaped antsnna.. 

T k  e n t l r e  Adcock systen:  could be r o t a t c d   i n   t h e   s a n e  nanner that a loop  is 

r o t a t e d .  The d i s t ance  between t h e   v e r t i c a l  U members of t h e  AGcock m a  4 

t o  5 f e e t .  The s e w r a t i o n  between t h e  two s i d e s  of each U was npprox imte ly  
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5 Inches.  Between t h e  two ends of each U sec t ionwereconnected  a trans- 

m i s s i o n   l i n e  ~?rd n rtjsiat;nce which m s  rouph lg   equa l   t o   t he  surge impedance 

of t h e   l i n e .  This i n   e f f e c t  m v e  f o r  esch   cn tenna   c i rcu i t  a complete loop  

which was t e r a i n a t e d   e t  i t s  middle   ?or t ion by a series r e s i s t e n c e .  The an- 

t enna   sys t en   ope ra t ed   exac t ly   a s   any  null t y p e   d i r e c t i o n   f i n d e r .  I n  o rde r  

t o  o b t a i n  a sense   ’nd ica t ion ,  a bel lows  located ?11 t h e  r.ein sha f t   ac tua t ed  

a pneumetical ly   operated  re lay  which  c losed a pir of c o n t a c t s   i n   o n e  o f  

the  antenna  junction  boxes.  T h i s  d i s t o r t e d   t h e   p a t t e r n  and by r o t a t i n g   t h e  

l o o p   e i t h e r  t o  t he   r lFh t  o r  t o   t h o  l e f t  It was p o s s i b l e   t o   d o t e r n i n e  which 

n u l l  gave   t he   t rue   s tR t lon   bea r ing .  The claim m d e  f o r  t h e s e   s p e c i a l  U-shaped 

antennas vms the.t much greater   accuracy  could  be  obtained  should i t  be 

n e c e s s a r y   t o   l o c a t e   t h e n   r e l a t i v e l y   c l o s e  t o  r e f l e c t i n g   o b j e c t s   s u c h  as 

h s n e r s ,   t r e e s ,  o r  houses.  This equipment vias s e t  up i n  a f i e l d  6pyJroXi- 

; a t e l y  400 f e e t  from a rJetal   hangar,   yet   an  accuracy of w i th in   approx i r a t e ly  

1 degree was obta ined  when t a k l w   b e a r i x s  on t h e  E i f f s l  tower   several  mi l e s  

away. Many f l i a h t s   w i t h  Arng n i r c r o f t   i n d i c a t e d  that accurac i e s  o f  plus o r  

minus 1 degree  could be ob’;ainc-d f ro r :  bea r j .ws  on the i r   t ransr ; . i s s ions  up t o  

d l s tnnces  of 100 t o  150 E.LILEs dependiw on a l t i t u d e .  The Air M n i s t r y  

o f f i c i a l s  spoke v m y   h i r h l y  of t h e   r e s d t s   o b t a l n e d  wl th  t h i s  cquinment. 

They Of c o u r s e   r w l i z e d   t h a t  it i s  s t i l l  important  whenever T s s i b l e   t o  keep 

t h e  uquimnent l o c a t e d   r d a t l v e l y   c l e a r  of surrounding o b j e c t s .  

A l t h o u g h   c o n d i t i o n s   o b t a l n i x  when I .GS ?resent  were  not  ‘exceptionally 

f a v o r a b l e   i n   t h a t   t h e r e  were many hangars and b u i l d i n g s   a t   d i s t a n c e s  of +X 

t o  500 fee t   amy ,   t he   bea r ings   ob ta lned   were   ve ry   shwp  and  could be  e e s i l y  

r ead  on t h e   s c a l e  of  l e s s   t h e n  .ius or  minus 1/2 degree.  It was mentioned 

t h a t   b e f o r e  I a r r i v e d   t h e y  had  picked up a s t a t i o n  In C;,echoslovakia and 
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olso une  on hng I s l e n d .  They had neglected,  however, t o  o b t a i n   t h e  

bear ings  of t h e s e   s i g n a l s .  The mechaqicnl   construct ion o f  t h i s  equipment 

which was manufactured by S.A.D.I.R. was cons ide red   t o  be exce l l en t .  

The n e - a   a t x a n s t r e t i o n  was of a rotfiting  rr-diobeocon of t h e   t m - c o u r s e  

type  which i n  o u r  terminolopy would  be descr ibed  t:s a n  omni-directional 

radiobeacon. This equipnent m s  also  manufactured by S.A.D.I.R. T t e   r e -  

s u l t s   o b t e i n e d   w i t h  it were most   in te res t ing .  Tue p r i n c i p l e  of t h e   r o t a t -  

ing   range   cons is ted  of p roduc ing   a l t e rna te ly  tm  p a r t i a l   c a r d i o i d s  keyed 

wi th   do t s  and   d8shes   r e spec t ivdy .   These   pa t t e rns  were r o t a t e d  clockwise 

a t  a c o n s t a n t   r a t e  of  one r evo lu t ion   pe r   minu te .   Axoc ia tod   w i th   t ho  re- 

c e i v e r s  employed w i t h   t h i s   s y s t m  is a standard  stop  watch  which  has 15 

seconds  converted t o  50 degrees ,  3!l seconds   conver ted   to  180 degrees,  and 

45 seconds  converted  to ~ 7 0  degrees.. When the   course   heving   the   do ts  on 

t h e   r i g h t  is i n   t h e   t r u e   n o r t h   d i r e c t i o n ,   t h e   n o d u l a t i o n   f r e q u e n c y  is 

chanQ6d from 1000 c y c l e s   t o  2000 cyc les  f o r  about  one  second. A t  this t ime,  

t h e   s t o p  is s t m t e d .  When the  Extremely  sherp  course formed  by t h e   i n t e r -  

locked   keying   chaqes  fror. d a s h e s   t o   d o t s ,   t h e   w t c h  I s  stopped  and  the 

bear ing i s  r eed  from i t s  d i a l   d i r c c t l y   i n   d e g r e e s .  Tho course is very 

sharp  and the  bear ing  nay be taken  within  approximately  one-degree  accmacy. 

With t h e   s u p c r r c g e n e n t i o e   r e c e i v e r  which i s  n o m l l y  used i n   a i r c r n f t ,  

t;.e de tec to r  if' ovG-loe.dcd g i v c s  what a p p e a r s   t o  be  two very brocd courses 

a t  90 degrees   t o   each  of the   sharp   courses .  Ench of t h e s e   c : ~ u r s e s  is 

approximately 40 degrees  wide P.S conpervd t o  t h e  two  she.rp courses  which 

cre approximately one degree  wide. I t  is t h e r e f o r e  n very s imple  mat ter  t o  

d i f f e r e n t i a t e  between  tho  nerrow  end  wide  courses .   Actual ly   the  ra t io  of 

f i e l d  stronpTth a t  t h e s e   w i d e   c o b s e s  is a p p r o x i m t e l y  i n  the   rA t io  of 1.06 
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t o  .94. This was obtained by reading a c a l i b r a t e d   f i e l d   s t r e n g t h   m e t e r  

wh ich   ope ra t ed   d i r ec t ly   on   t he   f i e ld   s t r eng th   r ece ived  f r o m  the   dash  and 

dot .  I t  should  be  mentioned that wi th   an   o rd ina ry   r ece ive r   t he  tw wide 

courses  would  not   be  heard,   but   e i ther   the  dash or  the  dot vauld e a s i l y  

predominate   over   the  other   s ignal ,   thus   Fiving  only  the trm sharp   courses  

during  one  complete   rotat ion o f  t h e  tranmitting antenna. It might be men- 

t i oned  that t h e  two major reasons why s u p e r r e g e n e r a t i v e   r e c e i v e r s   a r e  so 

popu la r   i n   f i ance  i s  that t h e   s l p n e l   t o  noise r a t i o  is v e r y   m o d  and that 

t h e y   a r e   v e r y   l i g h t  and inexpensive.  The mechanical   construct ion of t h e  

ro ta t ing   rad iobeacon was s i l e i l a r  t o   t h e   d i r e c t i o n   f i n d e r   e x c e p t  f o r  t he  

dimensions of t h e   r o t a t i n g  Adcock and the   t e rmina t ing   res i s tors   which   were  

used i n   t h e   v e r t i c a l  U-shaped loops.  I n  a d d i t i o n   t o  what  might  be  desig- 

nated a8 t h e  m j o r  Adcock, t h e r e  was another  Adcock loca ted   perpendicular  

t o   t h e   p l a n e  of  the  former,   which  consis ted of two s h o r t e r  and  more c l o s e l y  

spaced  Adcocks. The major Adcock cons is ted  of two antennas  approximately 

10 f e e t  apart and U’s which  were  approximately 6 inches   be tween  the   ver t ica l  

sao t ions .  The s h o r t e r  Adcocks were approximately 6 f e e t  l o n g  and M u ~ h l y  

5 f e e t   a p a r t .  This equipment was a l l   r o t a t e d  on top   o f  R small s t e e l   m a t  

a p p r o x i m t e l y  20 f e e t   i n   h e i g h t ;  The e c t u a f i w   m t o r  and gear box m e  

loca ted   a t   t he   bo t tom  o f   t he   t ower   ro tn t ing   t he   en t i r e   an t enna   s t ruc tu re  

a t  1 r.p.m. b‘ounted on t h i s  v e r t i c a l  shaft- R o m  which RIB wed t o  trans- 

m i t  t h e   r e f e r e n c e   s i g n a l   c o n s i s t i n g  of  t h e  one-second  change i n  audio fre- 

quency a t  the   i n s t an t   t he   p rope r   cou r se  is l i n e d  up with  magnetic  north.  

The ob jec t  of t h e  mjor Adcockmeto  produce a f i g u r e - o f - e i g h t   p t t e r n  where- 

as t h e  two smaller a n t e M a s w e u s e d   t o  produce an e l l i p t i c a l   p a t t e r n  90 

d e w e s  Out of phase  vdth  the  major  Adcock; the   conbina t ion  of t h e  two pro- 

duced 8 p a r t i a l   c a r d i o i d -  me I.nner  antennas were of course tuned 90 d e p e e a  
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out of phase  with  the major Adcock. A r e l a y  was mounted i n  a box a t  t h e  

t o p  of the   tower   which   reversed   the   pa t te rns   by   revers ing   the   phase  of t h e  

c u r r e n t   i n   t h e  major Adcock antenna. The r e l a y  was d.c.  operated. A s i n g l e  

conventional  200-watt   modulated  transmitter was used. The t r ansmi t t e r   w i th  

i t 6  power supply was i n s t a l l e d   i n  a t r a i l e r   l o c a t e d   a p p r o d r m t e l y  35 f e e t  

from the  base  of   the   antenna.   Tests   conducted on t h i s  equipment showed 

tha t   t he   p re sence  of t h e   t r a i l e r   d i d   n o t   d i s t o r t   t h e   p a t t e r n ,   t h u s   i n d i c a t -  

ing  that   the   U-type  antenna  construct ion  represented  in   this   equipment  was 

of def in i te   advantage   in   ob ta in ing   accuracy .  The r.f. output  of t h e   t m n s -  

m i t t e r  was f ed   t o   t he   an t enna   t h rough  a tm-wire   sh ie lded   t ransmiss ion  

l i n e .  The cons t ruc t ion  was of 7/8-inch  thick-wall   copper  tubing i n  t h e  

center  of which were loca ted  taro No. 18 conduotors.  These  wires  were  held 

i n   p l a c e  by a white  substence  which was s a i d   t o   b e  manganese. The transmis- 

s ion  loss was r a t h e r   h i g h ,  bu t  t h e   l e n g t h  o f  t h e   l i n e  was r e l a t i v e l y   s h o r t ,  

so t h e   e f f i c i e n c y  was still c n t i r e l y   s a t i s f a c t o r y .  It was n e c a s s a r y   i n   t h e i r  

work t o  u se   ba l anced   sh i e lded   l i nes   i n   o rde r  t o  achiove  accuracy.  This  l ine 

could be b a t  on approximately a 5- inch   rad ius .  A t  the   bo t tom of t he  ro- 

t a t i n g   s h a f t  were two ver t ica l   contac ts   which   d ipped   in to  two concent r ic  

cups f i l l e d  with  mercury.   These  stationary  cups  were  connected  to  each  side 

of the   balanced  concentr io   l ine  f rom  the  t rcnsmit ter .   Connect ion of t h e  

v e r t i c a l   c o n t a c t s  t o  the   j unc t ions  of the   an tennas  m s  a l s o  throu& a bal-  

anced   l ine .   Every   e f for t  was nade i n  the   des ign  of this equipnent   to   pre-  

serve symaetry. My t e s t s  of t h i s  equipment   were  very  sat isfactory.  With 

about two minutes   t ra jn ing ,  I was a b l e  t o  o b t e i n   b e a r i n g s   i n  space d t h  an 

accuracy of approximately  one  degree. 

' In t he   a f t e rnoon ,  a v i s i t  m s  made t o  Le B o w g e t   a i r p o r t .  The d i r ec -  

t i o n   f i n d e r   s t a t i o n  was first inspected.  It WRE found that t h e r e  were 
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t h r e e   s e p a r a t e   d i r e c t i o n   f i n d e r  units. Two of these  units used  %-inch 

diameter   loop  antennas  md t h e  o t h e r  m s  a very  crude Adcock. The 

l a t t e r  unit was used fo r  o b t a i n i w   b e a r i n g s   e t   r e l n t i v e l y   g r e a t   d i s t a n o e s .  

The procedure m s  t o   t e k e   b e a r i n g s  on FI plano when it was anywhere  from 

30 t o  100 miles from t h e   s t a t i o n .   T h i s  WRB accomplishad on one pair of 

low  frequencies.  'Jhon t h e   p l a n e  came w i t h i n   t h e  33 m i l e   a r e a ,   t h e  air-  

cref t  chenged to   ano the r   f r equency  and  communicated with the   l oop   d i r ec -  

t i o n  f i n d e r   u n i t s  which  kept him c d v i s e d   a t   a l l   t i m e s  of t h e   o r d e r  i n  

which  he  would mnke R l n n d i n g   m d  also his pos i t i on   w i th   r e spec t  t o  the 

a i r p o r t .  Irien t h e   a i r c r a f t  m s  r e a d y   t o   m k e  a f i n d  approach t o   t h e  

f i e l d ,  it was then  necessary f o r  t h e   a i r c r a f t   t o   c h a q e  i t s  t r a n s m i t t e r  

t o  s t i l l  n t h i rd   f r equency  end during the   approech  end  landing,   bear ings 

were t aken   f rom  mothe r   r ad io  compass s t a t ion   l oca t ed   spp rox ima te ly  

3000 f e e t  from t h e  edge of t h e   f i e l d  in l i n e   w i t h   t h e   b e s t   a p p r o a c h   t o  

t h e   f i e l d .  The frequency  used on t h e   a i r c r a f t  f o r  d i s t a n c e s  between 

30 and  100 milesvras 333 k i l o c y c l e s ;   i n   t h e  air  t r a f f i c   con t ro l   zone ,  

o r  w i th in  a r a d i u s  of approximately 30 mi les ,   the   f requency   of  327 kilo- 

c y c l e s   a s u s e d .  A t h i rd   f r equency  m s  u t i l i z e d  for landing  procedure.  

me prec ise   f requency  t o  be used  depends  upon t h e   p a r t i c u l a r   a i r p o r t  

and  country i n  vhich the l a n d i n g s   a r e   t o   b e  made. Communications from 

ground t o   p l ane   were   hand led   on - t r ansmi t t e r s   and   f r equenc ie s  s t i l l  d i f -  

f e r e n t .  A t  t h e  time I v i s i t e d   t h e   d i r e c t i o n   f i n d e r   s t a t i o n ,   t h e   c e i l i n g  

was approximately 500 feet and the re   were   f i ve   e i rp l anes   s t acked  up 

over Le Bgurp,et w a i t i n g   t o   g e t  down. It took 25 minutes to land  a 

S i a n i s h   a i r p l a n e  which was not v e r y   s k i l l e d  in t h e  so-called "22" pro- 

cedure. During t h i s  time t h e   o t h e r   p i l o t s  beams very much concerned 

and   r eques t ed   t ha t   t he   Span i sh   p i lo t   be   s en t   ou t  o f  t h e   a r e a  so that 
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they  could come  down without   fur ther   delay.  This request,  however, was 

ignored  because  by that time it appea red   t ha t   t he   Span i sh   p i lo t  would g e t  

dom  successful ly .   This   he  eventual ly   did  af ter   which  the remaining p i l o t s  

each  took from 10 t o  1 2  minutes   to   land  under   these  condi t ions.  The land- 

ing  procedure,  of course,   depended  ent i re ly  upon r a d i o   d i r e c t i o n   f i n d i n g .  

The r e c e i v i n g   s t a t i o n  on t h e  ground t r a n m l t t e d  i t s  observed  bearings of t h e  

a i r c r a f t  t o  t h e   p i l o t s  by  means of radiotelegraphy.  The frequency of these  

r e p o r t s  was approximately every  3C seconds .   In   addi t ion ,  it m8 the   p rac-  

t i c e  f o r  an obse rve*   t o   s t and   ou t s ide   t he   r ad io   bu i ld ing  and l i s t e n  for 

.motors o f  t h e   a i r c r a f t  i n  I ts  f i n a l   a p p r o a c h   t o   t h e   f i e l d .  If h i s   a u r a l  

o b s e r v a t i o n s   i n d i c a t e d   t h e   a i r c m f t  t o  be i n  proper   pos i t ion  fo r  landing ,  

t h e   p i l o t  was informed hy r a d i o  and   advised   to  come on through  and make a 

t r y  f o r  the  f ie ld:  If it a p p e a r e d   t h a t   t h e   p i l o t  was not   l ined  up proper ly  

and  could  not  rake a landing ,  he was t o l d   t o   t r y   a n o t h e r   a p p r o a c h .  The 

ZZ procedure on t h e  whole was very  very cumbersome from t h e   p o i n t  of view 

of t h e   p i l o t ,  and a l so  cons ider ing   the   l a rge  number of t r e ined   pe r sonne l  

r e q u i r e d   t o   f u r n i s h   t h e   a i r c r a f t   s u c h  a cont inuous  succession of bear ings.  

It should   a l so  be mentioned  that  when f i x e s  were required,   bear ings  were 

coordinated  over   land  wires   with  s i roul tanmus  observat ions f r o m  another  

s t a t ion   approx ima te ly  40 miles  f rom Paris. Tha i n t e r s e c t i o n  of t h e s e  tm 

bea r ings   gave   t he   p i lo t  a f i x .  All i n f o m t i o n  was coordinated and trans- 

m i t t e d   t o   t h e   a i r c r a f t  by t h e  Le Bourge t   rece iv ing   s ta t ion .  A8 fast as one 

plane would l and ,   o the r  aircraft would come i n t o   t h e   c o n t r o l   a r e a  and s tack  

UP ove r   t he  8irP-t. It was very confus ing   wh i l e   t he   sh ips   were   i n   t h i s  

a r e a   t o   d i f f e r e n t i a t e  between  the  sound of t h e  motor of  an a i r p l a n e  making 

G pass a t  t h e   f i e l d  and o t h e r   a i r o r a f t  at a l t i t u d e s  of 2000, 3000, and 

4000 f e e t   a b o v e   t h e   f i e l d .  On one occasion,  I saw an  observer  who l i s t e n e d  

f o r  the  Spanish  a i rplane 's   r imtors  mistake ano the r   a i rp l ane  a t  a h ighe r   l eve l  
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for the  one  with  which he was communicating by r a d i o .  The observer   reported 

that the   Span i sh   sh ip  was o v e r   t h e   a i r p o r t  and flyins west, whereas  he was 

a c t u a l l y  some d i s t ance  from t h e  a i r p o r t  headed in approximately a aouther ly  

d i r ec t ion .  This may have   caused   the   p i lo t  some concern,  but  probably  not 

s ince he knew he was f lying  south  ana  probably  disregarded  the report .  

However, it is  poss ib le  that if the   mistaken  plane had  been f ly ing   sou th  

a lso,  cons iderable   confus ion   muld   have   resu l ted .  

The accuracy of t h e  Adcock system was claimed t o  be  within  one  degree,  

but I very much doubt this ,   judging  f rom  the  general   appearance  of   the  equip-  

ment. The an tennas   were   mde  of ?/8" copper  tubing,  supported  by power type  

i n s u l a t o r s  mounted  on the   s ide   o f  wooden poles  approximately 8 i n c h e s   I n  

diameter.  R.F. t raneformers   with  the  external   appearance of standerd  out-  

door typ power t ransformers   were  located a t  the  bot tom of each  antenna. 

3yrmnetrioal  screen  grounds were used with  each  antenna.  Parkway  cable  trans- 

mission l ines   connected  the  t ransformer  and  the  goniometer .  It was pointed 

o u t   t h a t   t h e y  had d i f f i cu l ty   du r ing   w in te r   mon ths  due t o   m o i s t u r e   i n   t h e  

transformers  which  gave  bad  errors.  However, they  were  replaced  with new 

improved t r a n s f o m e r s  which   e l imina ted   th i s   t rouble .  

The low frequency  Loth  inner mrker  operating  on 397 k i locyc le s  was 

next   inspected.  Its antenna  consis ted of  two loops i n   t h e   v e r t i c a l   p l a n e  

p e r p e n d i c u l a r   t o   t h e  ax i s  of the  low  f requency  radio  range,  The loops  were 

approxiirately 150 f e e t  i n  length,   about  eight  feet   high,  and  separated  from 

each  other  by  about 150 f e e t .  It was l a t e r   i n d i c a t e d  by the  Loth  engineers  

t h a t   t h i s   a r r a n g e m e n t   g a v e   b e t t e r   r e s u l t s   t h a n   t h e  u l t r a  high  frequency 

marker which they   des igned   a long   s imi la r   p r inc ip les .  They s a i d  that i t  w s  

very  sharp  and a lso v e r y   e f f e c t i v e   t o   t h e   s i d e s .  It operated on t he  same 

frequency as t h e  low frequency  two-course range. 
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The low  frequenoy r m g e  manufactured by Loth m s  s i t u a t e d   a t   t h e   o t h e r  

end of t h e   f i e l d .  It cons is ted  of a s ing le   l oop   an tenna   pe rpend icu la r   t o  

t he   cour se  and  well  supported in four d i r e c t i o n s   t o   e l i m i n a t e  smylng. 
The c e n t r a l   v e r t i c a l   a n t e n n a  was loca ted  in a plane   p ro jec t ing   th rough  the  

cen te r  of the   loop   and   perpendicular  to i t .  This arrangement  permitted 

ze ro   coup l ing   be tween   t he   ve r t i ca l   an t enna   and   t he   ve r t i ca l  component o f  

the  loop  and made it p o s s i b l e   t o  run t h e   v e r t i c a l   l e a d   d i r e c t l y  i n t o  t h e  

t ransmi t te r   wi thout   any   hor izonta l  component o r  coupling  between antennas. 

The exac t   coe f f i c i en t  of coupling is not known al though i t  i s  ev iden t   t ha t  

two p a r t i a l   c a r d i o i d s  would  be  expected an8 that t h e y   w u l d   i n t e r l o c k   t o  

give on-comae  signals.  Dot-dash  keying is universa l ly   used  in a l l   r a n g e  

systems i n  Europe.   This   par t icular   system i s  considered t o  be very good, 

a l though  ra ther   expens ive .  One advantage i s  that s i n c e   t h e  same antenna 

array is  used f o r  bo th   the   do t   and   dash  signals, c h m e s  i n  an tenm  char -  

a c t e r i s t i c s  will not   change  the  posi t ion of the  coupse,   but will merely  change 

the   sha rpness  o r  amplitude of the   course .  

The L.K.T. u l t r a  high f r equency   i n s t rumen t   l and ing   l ocd ize r  m s  next 

inspected.  I t  was i d u n t i c a l   i n  a l l  d e t a i l s   t o   t h e   l o c a l i z e r   a l r e a d y   d e -  

sc r ibed  as i n s t a l l e d   a t   T r o y e s .  TLis equipment was s i t u a t e d   i n   i d e n t i c a l l y  

t h e  same l o c a t i o n  as  the  Lorenz  cquipment.which  never  had  proved  satisfactory 

due to   an   excess ive  number o f  mult iple   courses   over  R l a r g e   a r e a .  It is  

qui te   apparent   tha t   these   mul t ip le   courses   were   caused  by a long  r o w  of me ta l  

hangars  which  extended along one s i d e  of t h e   f i e l d .  me nearest   hangar  

approximately 250 f e e t  away f r o m  the  antenna  and a t  en angle  of approximately 

$0 d e g r e e s   t o   t h e   r a n g e  course. I n  o r d e r   t o   e l i m i n a t e   t h e   m u l t i p l e s ,  L.N.T. 

made the   course   very  sharp and i n  add i t ion  had t o   e r e c t  a screen  approxi- 

mately 60 f e e t  away f m m  the  Rntenna on a l i n e  t o  the   c loses t   hangar .  
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The plane of t h e  screen was perpend icu la r   t o  t h i s  l ine.  The screen Con- 

s i p e d  of approximately 30 v e r t i c a l  wires spaced  one  foot   apar t .  The wires  

stretched  between a row s t r i n g e r  a t  the  top  and  bot tom  which  in  tu rn  %as 

supported  by small wooden frames. The lower  ends of t h e   v e r t i c a l   w i r e s  

were  about  eight  feet   above  the ground. It m a  explained that t h e   d i s t a n c e  

between the antenna and t he   s c reen  was v e r y   c r i t i c a l .   U s i n g  sharper courses  

decreased the  m u l t i p l e s   t o  only two. It t o o k   a p p r o x i w t e l y  nine months of 

experimentat ion  to   completely  e l iminate   the  mult iple   courses  on t h i s  loca-  

l i z e r .  When t h e  L.M.T. Bystem was first i n s t a l l e d ,   t h e r e   w e r e  only two 

courses   separa ted  by  about 2 degrees,  whereas  the  Lorenz  had  several  courses 

apread  over n 13-degree angle .  It was t he   e l imina t ion  of  t h i s  one addi-  

t i o n a l   c o u r s e  which  proved so d i f f i c u l t .  

The communications  center was t he   nex t   po in t   o f   i n t e re s t .  I n  one 

room, t e l e t y p e m i t e r s   h m d l e d   a l l  message t r a f f i c ,   c o n s i s t i n g  of passenger 

l ists ,  load  information, times o f   t a k e - o f f   a n d   a r r i v a l ,   e t c .   I n   a n o t h e r  

room m a  a l a r g e  number of  teletype  machines  which h a n d l d  only  sequence 

w e a t h e r   i n f o m t i o n .   S e v e r a l   r a d i o   r e c e i v e r s   f o r   r e c e p t i o n   o f   s y n o p t i c  

weather  information  were i n  opera t ion  in another  large room. All aynoptic 

weather   t ransmissions were a l s o  made from t h i s  6 m e  room. Siemens  tape 

p r i n t e r s  were  used f o r   r e c e p t i o n  on the   Be r l in   h igh   f r equency   c i r ' cu i t .  No 

d ive r s i ty   an t enna  nrnq-6 &:ere used  and it is bel ieved that t h e   r a d i o   p r i n t e r  

i s  gene ra l ly   unsa t i s f ec to ry .  

On November 6, I p a i d  m o t h e r  v i s i t  t o   t h e  L.M.T. l a b o r a t o r i e s  and went 

through  the  micro-ray  laboratory  xhere waves down t o  1.5 cm. were  under 

inves t iga t ion .  They  were  measuring a l l  of t h e  p r o p a g a t i o n   c h a r a c t e r i s t i c s .  

I a l s o  went through the c r y s t a l   l a b o r a t o r y .  It was i n t e r e s t i n g   t o   l e a r n  

that they  were using " p a r t i a l s " ;   t h a t  i s  when t h e   c r y s t a l   c i r c u i t  i s  tuned 
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d i r e c t l y   t o   t h e   t h i r d ,  f i f t h ,  o r  seventh  harmonic.   Standard  practice a t  

these   f r equenc ie s  i s  t o   u s e   t h e   f i f t h  harmonic. A s  much a s  2 watts output  

i s  a v a i l a b l e  on t h e   f i f t h   h o m n i c .  

The design of t he   t e l ev i s ion   an tenna   i n s t a l l ed  on the   E i f f e l   t ower  was 

a lso  inves t iga t ed .  It was s a i d   t o  have e s s e n t i a l l y   u n i f o r m   c h a r a c t e r i s t i c s  

over  a 3-megacycle  band centered  a t  46 megacycles. Rods spaced  about  one 

foot   apar t -   used   to  make low  impedance antennas  having  broad  resonance 

curves.  A q u a r t e r  wave t ransmiss ion   l ine   connec ted   the   cn tenna  t o  i t s  

r e f l e c t o r s .  T h i s  r eve r sed   t he   r eac t ance   cu rve  of t he   an tenna   w i th   r e spec t  

t o  f r equency   a t   t he   j unc t ion  of t h e   r e f l e c t o r  and t h e   q u a r t e r  vmve l i n e   t o  

the   an tenna   and   a l so   b roadened   the   res i s tance   curve .  The a r r ay   cons i s t ed  

of e ight   an tennas  and four  r e f l e c t o r s   a r r a n g e d   i n  a c i r c l e .  

On November 9 ,  I c n l l c d  G R  the   Loth  company. We d iscussed   the   long  

range  beacons a t   M a r s e i l l e s ,  where the   se rv ice   coverage  i s  600 t o  800 mi l e s  

a t  a frequency of a p p r o x i m t e l y  140 meters .  They were  construct ing tm new 

units f o r  o p e r a t i o n   a t  75 meters  f o r  t ransoceanic   se rv ice ,   one   to   be   in -  

s t a l l e d   a t   S t .   P s i r r e  and  one  on t h e w s t  of F r m c e .  

We discussed  range  methods  using a l a r g e   c i r c u l a r   c a r r i e r   p a t t e r n  nnd 

a small amount of modu la t ed   s igna l   t rnns r l i t t ed   d i r ec t ive ly .   %e i r   appa ren t  

i n t e n t  was t o   c r e a t e   p e t t e r n s   b y   s h i f t i n g   p h a s e   r e l a t i o n s h i p s .   T h e i r  

i d e a s  for  e l imina t ing   mu l t ip l e   cou r ses  were t o  make tbe   cour se  8s sharp  as 

p r a c t i c a b l e ,  to r a d i a t e   a s   l i t t l e   e n e r g y   t o   t h e   s i d e   a s   p o s s i b l e ,   a n d   t o  

provide   cons iderable   s igna l   in   the   on-course   zones .  we a l s o   v i s i t e d   t h e  

t e l e v i s i o n   t r a n s m i t t e r  s t  the   E i f f e l   t ower .  The i n s t a l l a t i o n  was obvious ly-  

a d i f f i c u l t   j o b ,   b u t   v e r y  well done. Televis ion  pictures   produced  here  

were t h e   b e s t  I hnd ever   seen.  

Leaving Paris a t  11 p.m. on t h i s   d a t e ,  I a r r i v e d   i n  Lyon,  Fr-nce, 

a t  6:30 a.m. the  following  morning, November 10. F i r s t  an in spec t ion  
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m s  made of t h e   a i r p o r t   f a c i l i t i e s .  T k q  had point-to-point low and high  

f r e q u e n c y   c i r c u i t s   f o r   t r a f f i c  and  weather,  end  used  the  teletype f o r  d i s -  

patch ing   and   sh ip   no t ices .  A Loth   ins t rument   l anding   sys tm was l oca t ed  

only  50 f e e t  from the   s ide   o f   t he   s t ee l   hanga r .  The r e s u l t  was considerable  

sca l lop ing  of t h e   f i e l d   p a t t e r n s ,   b u t   o n l y   o n e   c o u r s e  was present .   Loth  

and   Luf thanse   p i lo t s  who flew the   course   c la imed  tha t  key c l i c k s  were  neg- 

l i g i b l e .  

A ground   d i r ec t ion   f i nde r   s t a t ion  had been i n s t a l l e d   h e r e   b y  L.M.T. 

It was o f   t h e i r  U Type previously  descr ibed.  The mechan ica l   i n s t a l l a t ion  

was good. The cor rec t ion   curve  was i r r e g u l a r ,   a s  much as 15 degree   var ia -  

t i o n s   b e k g   n o t e d .  A p l a n e   f l y i n g   i n   e a c h   d i r e c t i o n  would encounter  about 

a 4-degree  difference.  The Pene ra l   cu rves   a r e   t he  same. All t r a n s m i t t e r s  

were i n  one b u i l d i n g  and  remote ly   cont ro l led   f rom  the   f ie ld .  

Leaving Lyon et  11:50 a.m., I a r r i v e d   a t   G a e v a ,   S d i t z e r l a n d ,  a t  3:20 

p.m., and departed a t  5 : 5 0  p.m., a r r iv ing   i n   Ee rnc ,   Swi t ze r l and  a t  8:20  

p.m. t h e  same evening. 

The fol lowing day, November 11, I met & . E .  %fer ,  Di rao tor  o f  B e l l  

Telephone  Manufacturing CO:, and  v i s i ted   wi th  Mr. Gsell, Direc tor   o f  Air 

Navigat ion.   Later  I v i s i t ed   t he   Ba rne   A i rpo r t  and  had e t a l k   w i t h   t h e  

manager. The a i r p o r t  was small, but  had  approcches from two s i d e s ,   t h e r e  

being h i l l s  on t h e   o t h e r  two s i d e s .  A v i s i t  was made t o   t h e  Bcrne  Bureau, 

where I t a lked   w i th   t he   Ass i s t an t   D i rec to r ,  who had a l so   a t tended   the   Thi rd  

World Conference  of   Radiotelegraph  Experts   for   Aeronaut ics   a t  Pc r i s .  

I l e f t   B u n e  a t  ll:20 a.m. on t h e  same day   and   e r r ived   a t   Zmich  

a t  about 1 p.m. !here  I a l s o   v i s i t e d   t h e   a i r p o r t .  The manager m s  out  of 

t h e   c i t y ,   b u t  I t a l k e d   w i t h   h i s   s e c r e t a r y .  I was shown through a DC-2 

and a K-3 a i rp lane ,   and   inspec ted   the   rad io   main tenance   shops .  I was per-  

m i t t e d   t o   i n s p e c t   t h e   r a d i o  equipmont on 811 t h e   a i r c r a f t   t h e n   a v a i l a b l e .  
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Instrument   landing  radio  equipment   had  been  instal led on  a l l  of them. The 

usual  complement included marker r eoe ive r s ,   t oge the r   w i th  two long   save  

t ransmi t te rs   (one   spare) ,   and  two long wave r e c e i v e r s  (cw - code). One 

r ece ive r  was a Telefunken  visual  compass,   the  other m s  capable of au ra l -  

n u l l  operat ion  and  non-direct ive  recept ion.  The instrument   landing i n s t d -  

l a t i o n   a t Z u r i c h w a s  of the  Lorenz  type  and was exce l l en t ,  The course W E  

broad  with no key  clicks.  Landings  were made with a 90- f t .  ce i l ing ,  and 

OccasionalJy  under  zero-zero  conditions.  With  the ZZ system ( l o o p ) ,  about 

e 300-foot   ce i l ing  is requi red .  The l o o p   s t a t i o n  was located  about  one 

mile  from t h e  edge of t h e   f i e l d .  No Adcock antennas  were  used. I was in- 

formed that on one   occas ion ,   the   loop   an tenna   d i rec t ion   f inder   had   g iven  an 

erroneous  bearing  and a c ra sh  had r e s u l t e d .  The Telefunken  impulse  system 

is  t h e o r e t i c a l l y  an  exce l l en t   i dea ,   bu t   t he  p e r  of  t h e   t r a n s m i t t e r  i s  in- 

s u f f i c i e n t  f o r  use beyond a few miles. The g r e a t e s t  improvement  had  been 

brought  about  by  using a smll f ixed  antenna on the   p l ane  and taking  bear-  

ings wIth  loops.  Errors due t o  tttountains  were s e r i o u s  and averaged  about 

15 degrees.  They var ied   wi th   d i s tance  and height,  even when taken i n  tho 

middle of the  day. 

A spring  shock  absorber was always   inser ted   in   the   an tenna  in orde r  

t o  eiiminate  breakage of weights.  LOW b o k e l i t e   f a i r l e a d s  were  used t o  

prevent a weight  from  whipping  and  striking  the  ship. 

Next I i n s p c t e d  t h e  communication  center  whioh m s  located  about  

one-half   mile  from  the  airport .   Both low  and high  frequencies  were  used 

f o r  c o d c a t i o n .  Nat ional  type HRO reoeivers   were  preferred.  Loop 

rece iv ing   an tennas  were used  on  long  waves  to  avoid  interference  from sta- 

t i o n s   i n   d i r e c t i o n s   o t h e r   t h a n   t h e   o n e   d e s i r e d .  

The followin@:  day, I l e f t   Z u r i c h   a t  6:50 a.m., ond a r r i v e d  a t  Munioh 

a t  1 p.m. There  discussions  were had with Dr. Kramr and Dr. Hahnerrmn of 
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the  Lorenz company, and I met Dr. Boetcher  and Dr. Grunhart ,of   the Air 

Ministry.  

On November 14, a t r i p  m s  made to   t he   Kuu ich , a i rpo r t  %here I saw 

t h e  German '?I" type Aucock antenna  which i s  considered t o  be  one o f  t h e  

b a s t   i n   E u m p e .  This Adcock was b u i l t  by t h e  Navy, but  improvements  and 

modif icat ions had been mede by t h e  A i r  Minis t ry .   Nul l   observat ions  with 

i t  were  very  good.  Telephone  and power l e a d s  had  been  brought i n   t o   t h e  

center  through  chokes and f i l t e r s .  Symmetry i s  preserved i n  e v e r y   d e t a i l .  

All t ransmi t t e r s   were   l oca t ed   i n  one l a r g e   b u i l d i n g .  Four towers 300 f e e t  

high  supported  seven  long-wave T actennas.  Some used   t r ansmiss ion   l i nes  and 

o t h e r s   d i d   n o t .   V o r t i c a l   p l a r i z a t i o n  was used  on a l l  l ow f requency an- 

tennas.  A very  ingenious  type of variable antenna ms noted,  which per- 

mit ted   tun ing  by  changing i t s  physical   length.  It m s  used  with a c i r c u l a r  

counterpoise   mechanical ly   operated by remote  control.  

All l a rge   t owers  were  supported  on  insulators of a novel  desi@  not 

u s e d   i n   t h e   U n i t e d   S t a t e s .  Our i n s u l a t o r s   a r e   c o n s i d e r e d   f a r   s u p e r i o r   b o t h  

Ir,echanically and e l e c t r i c a l l y .  These  towers  were  not  excited,  but  were 

i n s u l a t e d   t o   p r e v e n t   d i s t o r t i o n  of long wave an tenna   pa t te rns .   This  trans- 

mitting s t a t i o n  m s  about six miles from t h e   p r e s e n t   f i e l d  which is: about 

15 mi les  f r o m  t h e  new Munich a i r p o r t .  

A v i s i t  was p a i d   t o   t h e  new a i r p o r t ,  which was on t h e  east s ide  of t h e  

c i t y .  This was indeed  impressive.  The f i e l d  was approximately one m i l e   i n  

diameter. It had no r u n m y s ,   b u t  had l a r g e  taxi s t r i p s  running around  half 

t h e   f i e l d .  The control   tower  was 90 f ee t   h igh .  The adminis t ra t ion   bu i ld ing  

and  hangars on t he   no r th   s ide  of t h e   f i e l d  were a l l   i n t e r - c o n n e c t e d .  

I l e f t  Munich a t  3 p.m. f o r  Leipzig,  arriving a t  9 p.m., Novenber 14. 

On November 15 ,   an   i n spec t ion  was made of a l a r a e  50 KW r a d i o   s t a t i o n  a t  
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Leipzig.  I was i n t e r e s t e d  In  the  500-foot wooden tower and antenna design. 

The c a r r i e r  was p a r t i a l l y   c o n t r o l l e d  by audio ,  that i s ,  normal c a r r i e r  

without  modulation m a  about 35 amperes  and  incraaaed  to 46 amperes with 

7C$ modulation. 

A t  t h e   a i r p o r t ,   a n   i n s p e c t i o n  was made of t h e   s t r a i g h t   l i n e   g l i d e   p a t h  

antenna  and  transmitter.   "he  weather was very poor wlth  about a SO-foot 

c e i l i n g  and v i s i b i l i t y  of about  one-half  mile. 

I l e f t  L e i p z i g   a t  8:lO i n  Air E i n i s t r y   a i r p l a n e  and a r r i v e d  in Berlin 

a t  9 p.a .  t h e  same evening. Tests were made  on the  ul t ra-hi&  f requency 

l o c a l i z e r s   a t   L e i p z i g  and  Burlin.  Observations  were made of the   ope ra t ion  

o f   t he   f an  marker a t  Ber l in  a t  15 k i lome te r s   f rom  the   a i rpo r t  and t h e   o u t e r  

and  inner  markers.  The audio   f requency   absolu te   a l t imeter  was used for land-  

ing.  The maximum height  a t  which i t  could be used was 240 f e e t .  The accuracy, 

however, WFLS very  good. The method of tak ing   readings  was a l a r g e  improve- 

ment ove r   any   acous t i c   a l t ime te r  . in the   Uni ted   S te tes .  A non-direct ional  

rad iobeacon  s ta t ion  was loca ted  a t  the  fan marker  and m s  use& t o  home on 

w i t h   t h e   a i r c r a f t  compass. 

On November 16,  I had a conference  with Dr. Kr.w on  methods  used t o  

give  simultaneous visual  and aural range,   and  discussed  their  method of 

modula t ing   t he   l oca l i ze r .  Tney used  separate   rotat ing  condensers  i n  t h e  

cen te r  of  e a c h   r e f l e c t o r .  It was pointed  out  that no cross   coupl ing w a ~  ob- 

tained.  Caurses  were  produced  by  excit ing  the  canter  antenna  with unmodu- 

l a t e d   c a r r i e r ,  and e f f ec t ive ly   key ing   t he   r e f l ec to r s   w i th  a rotary  condenser  

vh ich   a l t e rna te ly   t h rows   t he   r e f l ec to r   c i r cu i t s   i n to   r e sonance   and   an t i -  

resonance at  an  audio  f requency  ra te .   Another   possible  method would be to 

m o d u l a t e   t h e   t r a n s m i t t e r   a l t e r n a t e l y   a t  90 and  150  Cycles  and to nIechanicauY 

open   and   c lose   the   re f lec tor   an tennas .  I t  wcs thought  by Dr .  Krw t h a t  

th i s   modula t ion   f requency  was not high enough to   keep   the   course   ind ica tor  
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needle from wabbling. If t h e  scheme were  used,   they would want t o  use 

4300 and 5000 cycles .  I yoirl ted ou t   t he   necess i ty  of  us ing   on ly  one 

motor with P sha f t   o f   bake l i t e  and t h r e e   s l i p   r i n g s   I n   t h e   c e n t e r .  This 

would p r e c l u d e   t h e   p o s s i b i l i t y  of any  cross   coupl ing d would  permit  the 

taking  of   independent   pat terns .  

On November 17 ,  I v i s i t e d   t h e   T e l e h n l r e n   l a b o r a t o r i e s  and saw t h e  

instrument  landing  receivers  they  were  using.  These  were combined loca-  

l i z e r  and  marker  receivers.  The c i r c u i t s  of  each  were  designed t o  use  

th ree   t ubes   w i th   p rov i s ion  f o r  p l a t e  and f i lament   vo l tage   regula t ion .  The 

complete   uni t  was very light i n   w e i & t .  One dynamotor  supplied  both  re- 

ce ive r s .  

Seve ra l   d i f f e ren t   l oop  compasses  and  the  impulse  type of r e c e i v e r  

were  a lso  inspected.  It was explained that the  chief   disadvantage of t h e  

l a t t e r   r e c e i v e r  was t ha t   eve ry   a i rp l ane  had t o  have an impulse  keyer i n  

o rde r  t o  ob ta in   bear ings .  It was also po in ted   ou t   t ha t   t he   i dea  was being 

abandoned  because  with  such a system  they  could  not  take  bearings on enemy 

s t a t i o n s  or  a i r c r a f t .  For this reason,   they  planned t o  r e p l a c e   a l l  im- 

pulse  loop  systems  with  kdcock  entennas.   Another  disadvantage  of  the i m -  

pulse  system i s  t h a t   t h e  power on t h e   a i r c r n f t  i s  i n s u f f i c i e n t   t o  show t h e  

ground wave on  the  cethode  ray  osci l lograph.  

Severa l  of t h e  new des igns   o f   r ad io  compass  hnd a s e c o n d   l o o p   a t   r i g h t  

a n g l e s   t o   t h e   l o o p  on  which t h e   n u l l  was observed.  This was f o r  t h e  pur- 

pose of t ak ing   bea r ings  more r ap id ly .  When sense was r e q u i r e d   a f t e r   t a k i n g  

t h e   n u l l   b e a r i n g ,   t h e  loop was no t   ro t a t ed ,   bu t  a sense  switch  automatic-  

a l ly   connected  the  second  loop  and  the  ver t ical   sense  antenna.  By observ- 

iQ3 the  weaker   s ignal  when the phase of t he   ve r t i ca l   an t enna  was reversed ,  
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t h e   d i r e c t i o n  of t h e  s t a t i o n  could  be  ascer ta ined.  

A t  a nea rby   f i e ld   expe r imen ta l   s t a t ion ,  s t i l l  another  Tu type Adcock 

a n t e n n a   i n s t a l l a t i o n  was inspec ted .  It cons is tod  of four 90-foot  insulated 

and  guyed  towtxrs, tm of  which  supported a v e r t i c a l   m i r e  midway between 

them. The d is tance   be tween  the   d iagonal ly   oppos i te  towers was 240 Poet. 

Bearings u s i n g   t h i s  Adcock were  very  sharp. It m a  expla ined   tha t  "U" an- 

tennas   were   on ly   successfu l   in   very   mois t   g round of a uniform  character .  

This s t a t i o n  was l oca t ed  i n  marshy  ground. The feeder  cableB had t o   b e  

placed  about 6 f e e t  below the   su r f ace  of t h e   e a r t h .  

The goniometer  desi@ w88 i n v e s t i g a t e d   i n   d e t a i l .   % e   r o t o r  was wound 

on a core of powdered i r o n .  The coe f f i c i en t  of coupling was about 7#. 

The s t a t o r  c o i l s  were wound on a t o r r o i d a l  form of powdered i ron .  The 

permeabi l i ty  of the  powdered i r o n  was 45. The accuracy of the  goniometers  

was said t o  be b e t t e r   t h a n  1/2 degree,  which  take8 i n t o  account all e r r o r s  

i n   t h e   s i n u s o i d a l   m u t u a l  impedance c h a r a c t e r i s t i c s .  

On November 18, I v i s i t e d   t h e  Templehof A i r p o r t ,  and  went through t h e  

new bui ld ings  which  were  then  under  construction,  and also th rough  the  

model  shops. The moat ou t s t and ing   f ea tu re  of t h e   a i r p o r t   b u i l d i n g  was t h e  

t remendous  cant i lever   construct ion of t he   she l t e r   unde r  which a l l  loading  

and  discharging of planes will take place.  Twelve t o   f i f t e e n  40- t o  50- 

passenger  planes may be  loaded  simultaneously  under  the same roof. Over 

three thousand  separate  rooms are a v a i l a b l e  for v a r i o u s   o f f i c e s .  Res- 

taurants  occupy most of t h e  roof .  P a r t  of t h e  Air Minis t ry  will move t o  

t h e   a i r p o r t  as soon as i t  is completed. 

I next   vis i ted  Lufthansa  and  inspected a Fokker-Wolf four-engine 

26-paseenger  plane.  Engines  were  equipped  with i g n i t i o n  sh ie ld ing ,   and  

on ly  two b laded   propel le rs   were   used . ,   Dupl ica te  instruments were pro- 

vided f o r  the   p i lo t   and   co -p i lo t .   S t anda rd   a l r a ra f t   r ad io   appa ra tus  m s  



- 40 - 
used  and  instrument  landing  equipment via8 included. A b a k e l i t e  mast in -  

s t a l l e d   f o r w a r d   f u l f i l l e d  many func t ions .  It supported  the  a i rspeed 

p i t o t   t u b e  and   another   s ta t ic   tube   toge ther   wi th   the  long wave "L" type  

antenna. The ultra high  frequency  antenna was i n c l o s e d   i n s i d e   t h e   s u p -  

port ing  mast .  

An inspec t ion  was next made of t h e   l a b o r a t o r i e s  on t h e   a i r p o r t  of 

t h e  Air Mini s t ry   c iv i l   a e ronau t i c s   eng inee r ing   and   t e s t ing   depa r tmen t   unde r  

Mr. Boetcher. The bui ld ing  was a p p r o x i m t e l y  125 f e e t  lo-, and 50 f e e t  

wide,   and  contained  about   thir ty   off ices   and  laborator ies .  They  had a 

l a r g e r  and be t t e r   supp ly  of measuring  and  testing  equipment  than I have 

ever  seen  before.   Everything was kept  renmrkably  clean  and neat. 

A v i s i t  was nex t   mde  t o  t h e  "UU" antenna   loca ted   on   the   a i rpor t  and 

purchased from Lorenz  by  the A i r  Minis t ry .  It cons is ted  of i n su la t ed  self- 

supporting  pipes  about 40 feet   high  and  spaced  approxlrnately 240 f e e t  

between  diagonals. Around the  bot tom of each  antenna- an insu la t ed  

Counterpoise. A very  small box at the  bottom of the  antenna  housed  the 

shielded  coupling  transformer  and  the  condenser  which  placed  the trons- 

mission l i n e  a t   z e r o   e l e c t r i c   f i e l d .   T h i s  was accompliahed  by  inserting 

a condenger i n  s e r i e s   w l th   t he   coun te rpo i se   and   ve ry   ca re fu l ly  tuning. 

The t r ansmiss ion   l i ne  WRS bnlonced and was conta ined   in  a pipe.  The  method 

used for balancing  the  antenna was to   induce  a modulated c a r r i e r   v o l t a g e  

in to   t he   shea th  o f  t h e   t r a n s m i s s i o n   l i n e  and ad jus t   t he   ba l anc ing  conden- 

s e r  of  t he   coun te rpo i se   t o   g ive   ze ro   aud io   ou tpu t .   Th i s  same procedure 

was oar r i ed   ou t  f o r  each  antenna. The A i r  M i n i s t r y   r e p r t e d  that r e s u l t s  

were   ve ry   s a t i s f ac to ry .  

I next flew t o  Leipzig  accompanied by fir Minis t ry  and Lufthansa 

o f f i c i a l s  t o  check the   s t r a igh t - l i ne   g l ide   pa th   deve loped   by  Lorenz. 
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Severa l   app roaches   t o   t he   f i e ld   i nd ica t ed   t he   pa th  ps8s s t r a igh t   f i om  any  

a l t i t u d e  down to   about  90 f e e t ,  where i t  took a s h a r p   c u r v e   t o   t h e   p o i n t  

o f  landing.  A r a t e  of approximately 2 metsrs/second  held  the  plane  on  the 

pa th  down t o  about 90 f e e t .  A t  this p a i n t ,  t h e   r a t e  of  descent was changed 

t o  about 1 meter/second. Even though t h i s   r a t e  of descent was maintained, 

the   po in t  of contac t   wi th   the   ear th  was s h o r t  of t h e   i n d i c e t e d   p o i n t  of  con- 

t a c t .  

I f l e w   t h e  Junkers three-engine  tes t   p lane  beck t o  Templehof on ln-  

strumonts. I found t h e   s h i p   v e r y   s t a b l e  and e a s y   t o   f l y .  All inst ruments  

worked well, except   the   v i sua l   type  of radio  compass, which m s  s e n s i t i v e  

i n  o p e r a t i o n   a n d   g e n e r a l l y   e r r a t i c .   T h i s  same d i f f i c u l t y  was observed on 

a l l  Telefunken  visual  compasses. !I’he American visual   compasses   are  far 

super ior .  

I had a v e r y   i n t e r e s t i n g   d i s c u s s i o n   w i t h   P r o f e s s o r  Von Handel of t h e  

D.V.L. with  regard t o  ul t ra-hiFh  f requency  propagat ion and r a i n   s t a t i c .  

He mentioned that they  had t r i e d  t o  d u p l i c a t e   t h e   e x p e r i m n t s  made i n   t h i s  

country by United A i r  L i n e s ,  bu t   sa id   they   could   f ind  no value of  r e s i s t a n c e  

in series wi th   t he   b l eede r   w i re s   t ha t  had a n y   e f f e c t   i n   r e d u c i n g   r a i n  s ta t ic  

in te r fe rence ,   Thei r   conc lus ions   were   tha t  two tungsten p i n t s  should  be 

loca ted  i n  the  bottom of  the   t r a i l i ng   an tenna   we igh t  and p e r m i t t e d   t o   t r a i l  

behind t h e   p l a n e   b y   a t   l e a s t  40 f ee t .   Af t e r  a n  optimum l e n g t h  was found, 

no apprec iab le  improvement r e s u l t e d  from the   u se  of longer bleeder  wtres. 

The an tenna   r ee l  when used  should of course be connec ted   to   the   fuse lage  

of t h e   s h i p   t o   d r a i n  of s t a t i c   c h a r g e s .  

Dr. Von Handel a l so   po in t ed   ou t   t ha t   t he  two t u r n ,   s t e e l   l o o p s  of very  

low  impedance  manufactured  by  Telefunken  were  very  effective i n  reducing 

r a i n   s t a t i c  when compared d i r ec t ly   w i th   an   unsh ie lded  high impedance  loop. 
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However, if t h e  low impedance  loop i s  sh ie lded ,  a f u r t h e r   s l i g h t   i m p r o v m e n t  

i n   t h e   r e d u c t i o n  of r a i n  s t a t i c  w i l l  be   no ted ,   ind ica t ing   the  much g r e a t e r  

necess i ty   o f   sh ie ld ing  a high  impedance loop.  

I a lso  v i s i t e d  Mr. Grobel of Luf thansa ,  and also the chief  o f  trans- 

a t l a n t i c   o p e r a t i o n s  o f  t h a t  company. We discussed   rad io   naviga t ion  as 

appl ied  t o  the   no r th   A t l an t i c .  They ind ica t ed  that they  were going t o  use 

d i r e c t i o n   f i n d e r s  on tho  ground at h igh   f requencies  up t o  23 megscycles. 

They se id  that a t  the  present   t ime  higkpowered  brondcast  transmitters a r e  

t h e  most useful a i d s  on the   wes t   s ide  of t h e   A t l a n t i c .  They ind ica t ed  

tha t   t hey   d id   no t  use our range   s ta t ions   ch ie f ly   because   they   couldn ' t   be  

heard a t   g r e a t  enough d i s t ances .  They indica tod   tha t   beginning   next  yea r ,  

t h e y  are going   to   change   the i r   base   f rom  the   Azores   to   L isbon,  Portugal. 

One t r i p  each way a week is being   wde   across   the   south   At lan t ic .  Next yea r  

they  will begin   schedules   ca l l ing  f o r  two f l i g h t s   a , w e e k   e a c h  way. They 

have  completed 28 A t l a n t i c   c m a s i n g s  f r o m  a p s e  nor theas t  of Hmburg i n  

t h e   B a l t i c   s e a   t o   t h e   A z o r e s  and t o  Port  Washington. 

On November 19,  I v i s i t e d   t h e  Lor'enz company an3 discussed many prob- 

l e m s   r e l a t i n g   t o   l o c a l i z e r s ,   t h e   a t r a i g h t  l i n e  g l i d e   p t h ,  and the   For t  

Worth in s t rumen t   l and ing   i n s t a l l a t ion .  I a l so  made tests of t h e i r  simul- 

taneous   v i sua l  and aural range. The visual  opera t ion  was excel lent   and:  

t h e  N-A opera t ion   very  good except fo r  r ing ing  and roundlllg of  dots   and 

dashes  which makes t h e   s i g n a l  less acute .  

I v i s i t e d   t h e  Air Mlnis t ry  and had luncheon e.t tho   F lyers '  Club with 

Dr. Koch, Dr. Z e t m m  and Dr. P e t z e l ' r r   a s s i s t a n t .  I also contacted  our 

Naval At tache '   md  Capta in   Pee l ,  his a s s i s t a n t .  

On November 20, I l e f t   B e r l i n   a t  8 a.m. and a r r i v e d  at  Hamburg a t  

11:20 a.m. I met the   Radio   Opera tor   in   Charge   an8   h i s   ass i s tan t ,   Freddy 
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D e l l i t h ,  and v i s i t e d   r a d i o  and  communication f a c i l i t i e s   i n   t h e  Hamburg 

area. The r a d i o   i n s t a l l a t i o n s   o n   t h e   a i r p o r t   w e r e   i d e n t i c a l   t o   t h o s e  a t  

o t h e r   a i r p o r t s .   T e l e t y p e  was used f o r  messages  per ta ining t o  d i spa tch ing  

o f  planes.  All weather  information was handled  by  radio  on  low  and  high 

f requencies .  Communication wl th   p lanes  i n  f l i g h t  and d i r e c t i o n   f i n d i n g  m s  

handled on low  frequencies.  An instrument  landing  system of t h e  Lorenz 

type with  inner   and  outer   markers  was i n s t a l l e d   a l o n g   t h e   b e s t   a x i s  of t h e  

f i e l d .  Along the  same a x i s  m a  a l s o   l o c a t e d  a long mave loop   type   d i rec-  

t i o n   f i n d e r   t o   a s s i s t   a i r c r a f t  in landing by use  o f  t h e  ZZ procedure. About 

two mi les   f rom  the   a i rpor t ,  a new l o n g  wave Adcock d i r e c t i o n   f l n d e r   s t a t i o n  

was in the   p rocess  of  cons t ruc t ion .  T h i s  equipment was b e i n g   i n s t a l l e d  by 

t h e  Lorenz Company. The masts  were approximately 50 f e e t   h i g h  and 200 f e e t  

apar t .   Al though  the   counterpoises   were   no t   ye t   ins ta l led ,  it waa under- 

s tood   tha t   the   sys tem w u l d  be a modified U with counterpoise  similar t o  

the  system  used a t   B e r l i n .  Tho t r a n s m i t t e r   s t a t i o n  wes next   inspected.  It 

was located  approximately 1 2  miles from t h e   a i r p o r t  and was e s s e n t i a l l y  

i d e n t i c a l   t o   t h a t   a t  Munich,  except t h a t  all t r ansocean ic   t r ansml t t e r s  were 

a l s o   l o c a t e d  a t  t h i s  po in t .  Tne antennas were of s eve ra l   t ypes   i nc lud ing  

"V" cn tennas ,   ve r t i ca l   qua r t e r -wave   an tonnss ,   ve r t i ca l   mu l t ip l e   hemonic  

an tennas ,   and   hor imntd   ha l f -wave   an tennas .  The eng inee r ing   p r inc ip l e s  

r ep resen ted   i n   t he   an t enna   des ign  f o r  the   h igh   f requencies   were   no t   the   bes t  

i n   t h a t ,   w i t h   t h e   e x c e p t i o n  of t h e  V antenna,  no d i r e c t i v i t y  was used. It 

was obv ious   t ho t   t hey   r e l i ed   en t i r e ly   on   expens ive  high powered t r a n s m i t t e r s ,  

5 t o  10 KW, t o   i n s u r e  communication r a t h e r   t h a n   t h e   u s e  of  h i g h l y   d i r e c t i v e  

beams with  lower powered t r a n s m i t t e r s .  All of t he   approx ima te ly   f i f t een  

high  end medium high  frequency  antenncts  were  located  on a p l o t   a p p r o x i m t e l y  



800 f e e t   s q u a r e ,  which  obviously is  inadequate f o r  such a number of  d i r ec -  

t i v e   a r r a y s .  The low frequency  antennas  on  the  other  hand  were  very good 

i n   t h a t   t h e y  were s t r u n g  from f o u r  300-foot   insu la ted   towers   loca ted   in  a 

square  approximately 500 f e e t  on a s i d e .  The t ranami t te rs   were   exce l len t  

and the i r   main tenance   exce l len t .  A 40 KW d iese l   engine   genera tor   p lan t  

m s  used f o r  standby power i n   c a s e  of f a i l u r e  of t he   r egu la r   supp ly .  

Standby power wa8 standard  equipment i n   p r a c t i c a l l y   a l l   s t a t i o n s   v l s i t e d  

i n  Europe. The rad iophare ,  a non-d i rec t iona l   car r ie r   rad iobencon  t ransmi t -  

t e r   o p e r a t i n g  on low f r equenc ie s  was synchronized by c l o c k   c o n t r o l   i n s t a l l e d  

a s   e n   i n t e g r a l   p a r t  of t h e   t r a n s n i t t e r .  This operated  one  minute on and two 

minutes o f f ,  s e n d i x  i n  code t h e   c a l l   l e t t e r s  o f  t h e   s t n t i o n   b e f o r e  2nd 

af te r   each   f i f ty -seoond  t ransnl i ss ion .  This s t s t i o n  was synchronized  with 

two o t h e r  similar s t a t i o n s   o p e r a t i n g  on e x a c t l y   t h e  same radio  f requency 

and  arranged i n  tria-.r geograph ica l   r e l a t ionsh ip  and  separated  by  ap- 

proximately 100 t o  200 miles .  This p e r m i t t e d   a i r c r a f t  t o  o b t a i n   t h e i r  po- 

s i t i on   f rom  c ros s   bewings   w i thou t   i n t e r f e rence  or r e tun ing .  This systam 

was necess i t a t ed  by t h e   l i m i t e d  number of f r equenc ie s   ava i l ab le  f o r  t h i s  

s e rv i ce .  It works f a i r l y  well when a plane i s  a considerable   dis tance  f rom 

each of the   s ta t ions ;   however ,  when a p lane  i s  c lose  t o  one of t h e s e   s t a -  

t i o n s ,  i t s  p i l o t  csn e a s i l y  pass over   dur ing   the  tm minute o f f  per iod  with-  

out   recognizing th i s  f a c t  which u s u a l l y   l e a d s   t o  loss of time ad confusion. 

The system  used i n  America  where ou r  simultaneous type   r ange   s t a t ions   ope ra t e  

cont inuously and  can  be  used f o r  d i r e c t i o n  finding is considered far supe r io r  

t o  t h e  European  part-time  radiophare  system. 

The t r a n s a t l e n t i c   r e c e i v i n g   s t a t i o n  which was located e.pproximately 

18 miles from t h e  Homburg f i e l d  was nex t   v i s i t ed .  I'ms very  much impressed 
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by this instal la t ion.   Apparent ly   expense was not a c o n s i d e r a t i o n   i n  i t s  

design.  It i s  e s t i m a t e d   t h a t   t h i s   s t a t i o n   c o s t   a p p r o x i m a t e l y  $500,000. 

Seven  300-foot s t ee l   t owers  of heavy  construct ion  were  erected fo r  t h e  

support  of s i x  h i g h l y   d i r e c t i v e   h o r i z o n t a l l y   p o l a r i z e d   r e c e i v i n g   a n t e n n a s .  

The a r r ays   cons i s t ed  of e i t h e r  24 o r  32 half-wave  doublets  fed  in  phase 

and  with a complete   ref lector   system  located  one-quarter  wave behind  the 

antenna  system,  both o f  whioh  were supported  from  the same tower  by means 

of outriggers.   Three  antennas  were  used f o r  t h e   s o u t h   A t l a n t i c  and t h r e e  

were  used f o r  t h e   n o r t h   A t l a n t i c   c i r c u i t .  Four towers  were  used f o r  t h e  

south  Atlant ic   c i rcui t   wi th   an  antenna  between  each of them whereas   three 

towers  were  used f o r  t h e   n o r t h   A t l a n t i c   c i r c u i t .  I n  order  t o  suppor t   th ree  

beam antenna  arrays  between  three  towers,  i t  was n e c e s s a r y   t o  hang two 

arrays  between  one pair of towers.  This was accomplished by p l ac ing   an  

a r r ay   ope ra t ing  on a h igher   f requency   in   be tween  the   an tenna   and   re f lec tor  

of  the  lower  frequency. It was s a i d   t h a t  t h i s  system  mrked  very well wlth- 

ou t   i n t e r - ac t ion .  It i s  obviously a good economic a r r a w m e n t  in t h a t  i t  

saves   t he   cos t  of a tower  and  the  cost  of a d d i t i o n a l   l a n d .  On three   o f   the  

towers   were   l oca t ed   ve r t i ca l   r ece iv ing   an tennas   w i th   l a rge   c i r cu la r  grounded 

counterpoises  which  were  used t o  check t h e  g a i n  of   the   a r rays .  The rece iv-  

i n g   s t a t i o n  housed the   ope ra to r s ,   s tondby   pwer   p l an t  and r e c e i v e r s .  

Weather reports   were  picked up from t h e   v a r i o u s   s h i p s   a t   s e a   a n d   r e t r a n s -  

mi t t ed  by means of  automatic  equipment t o   t h e   t r a n s a t l a n t i c   p l a n e s   a n d  

bases .  All t h e   t r a n s a t l a n t i c   t r a n s m i t t e r s  were   cont ro l led   f rom  th i s   po in t .  

Constant  watch is  kept on each   p l ane   c ros s ing   t he   A t l an t i c .  

The next   po in t  of i n t e r e s t  was a new Lorenz  high  frequency U-type 

Adcock then  nearly  completed.  It operated on f requencies  from 3 t o  20 

megacycles. The f o u r  an tennas   were   l a rge   tubular  masts approximately 8 
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inches  i n  diameter.  They were  mounted  on ve ry   l a rge   co r ruga ted   po rce l a in  

i n s u l a t o r s  and self-support ing.  Each vias approximately 35 f e e t   h i g h  and 

spaced  approximately 30 f e e t  between  diagonally  opposite masts. The re- 

ceiving  house  consis ted of a cement vaul t   p laced  ent i re ly   underground.  The 

appa ra tus   t he re in   cons i s t ed  of a high  frequency  receiver  and a goniometer. 

The null method was used   t o   ob ta in   bea r ings  and an average of t en   bea r ings  

taken   in   qu ick   success ion  was cons ide red   t he  most accurate   procedure.  

Several   bearings  were  taken on 5-, 14-, and  16-megacycle  bands  and  tho ac- 

c u r a c y   a p p e a r e d   t o   b e   f a i r l y  pood. Ca l ib ra t ion   cu rves  had not  yet   been 

made; i n  f a c t ,   t h e   t r a n s m i s s i o n   l i n e   c a b l e s  had not   ye t   been   ins ta l led .  

The r ece ive r  was opera ted  by s to rage   ba t t e r i e s   wh ich  were c a r r i e d   t o   t h o  

s t a t i o n   e x p r e s s l y  f o r  t h i s  demonstration. The f e e d e r s  from each  antenna 

wac- buried 6 f e e t   i n   t h e  ground. The power and  telephone  cables  which will 

b e   l a i d   t o   t h e   u n d e r g r o u n d   s t a t i o n  will be  buried 6 f e e t  in the  ground. 

The s i t e   s e l e c t e d  was v e r y   f l a t  and  marshy. Mooden f ences  were  used  around 

t h i s  Adcock s t a t i o n   a s   w e l l   a s   a l l   o t h e r  Adcock s t a t i o n s  i n  Germany employ- 

i n g  e i t h e r  low or  h igh   f requencies .  This i s  t h e   d i r e c t i o n   f i n d e r   s t a t i o n  

6ajch will be  used t o   g i v e   b e a r i n g s   t o   a i r c r a f t   f l y i n g   a c r o s s   t h e   n o r t h  and 

sou th   A t l an t i c  and m s  scheduled  to  be  completed i n  about  three  weeks'  time. 

On November 21,  I arr ived  a t   Brussels ,   Belgium,  a t   11:12  a .m. ,  and 

v i s i t e d   t h e  Embassy t h e r e .  I saw Mr. Lecomte, D i rec to r  of Radio f o r   t h e  

Belgian Air Ministry,   and  he  peraonafly  conducted me t o   a l l   t h e   r a d i o   a n d  

communication f a c i l i t i e s   a t   t h e   a i r p o r t .  They  have a P h i l i p s  two-course 

rad iobeacon  s i tua ted  on t h e  edge of t h e   f i e l d  and  use it a l s o  fo r  a loca-  

l i z e r .  A Loren2  instrument   lending  system  complete   with  mrkers  is also in 

t he   p rocess  of i n s t a l l a t i o n .  

An i n spec t ion  was made of t h e  first r ece iv ing  Adcock sys t em  in s t a l l ed  

i n  Europe. It was a m r c o n i  U type .  A wooden tower  supported  each  antenna 
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which was hung  between the   fou r   l egs   o f   t he   s t ruc tu re .  The feeder  wa8 a 

concen t r i c   l i ne   abou t  one  foot  above  the  earth’s  surface  and  connected 

every   few  fee t   to  a ground r o d .  The equipment was housed i n  a wooden bui ld-  

i ng  a t  t h e   c e n t e r  of the   p lo t   and   inc luded  a goniometer ,   sense  antenna,   re-  

c e i v e r ,   s t o r a g e   b a t t e r i e s  nnd cha rge r s .   Exce l l en t   r e su l t s  were  claimed  of 

the   accuracy   of  this Adcock. 

The t r a n s m i t t e r s  were loca t ed   t ope the r  a t  a point  away from t h e   f i e l d  

and  were  operated by remote  control from the   admin i s t r a t ion   bu i ld ing  where 

a l l  t h e   o p e r a t o r s  and r e c e i v e r s  were s i t u a t e d .  The standard of  equipment 

maintenance was considered  general ly   poor   in  Belgium. Obviously,   there  was 

very  l i t t l e  money ava i l ab le   w i th  which t o  buy new equipment  and a s  a result, 

most of i t  was ant iquated.   Teletypes  were  located a t  the   admin i s t r a t ion  

b u i l d i n g   f o r   h a n d l i n g   d i s p a t c h   t r a f f i c .  A l o o p   d i r e c t i o n   f i n d e r  w8s a v a i l -  

a b l e  on t h e   a i r p o r t   t o   a s s i s t   p i l o t s   i n   l a n d i n g   u s i n g   t h e  ZZ procedure.  &. 
Leaomte a l s o  had charge of a l l   t h e   r o t a t i n g  beacon l i p h t s   i n  Belgium,  vhich 

only   to ta led   twelve .   Before   l eav ing  I p ? . d  a v i s i t   t o   t h e   D i r e c t o r  of C i v i l  

Avia t ion ,  El. Counerie. 

On November 22, I a r r i v e d   i n  Antwerp,  Belgium a t  9:30 a.m. My first  

c a l l  was upon ?dr. Thonus  and Mr. Wielmans o f  the   Bel l   Manufac tur ing  Company. 

An inspec t ion  was made of t h e i r   p l a n t  where some radio  equipnent  was being 

manufac tured   for   mi l i ta ry   purposes   in   the   French  Army. This  vas pr imar i ly  

po r t ab le  equipment ope ra t ing  on u l t r a  hlgh frequencies  between 30 and 60 

megacycles. The power supply was obta ined  from a combination of b a t t e r i e s  

and hand genera tor .  Low power transmlssion  could  be  accomplished  using  the 

b a t t e r y  supply 8nd f o r  higher  power t r ansmiss ion ,   t he  hand genera tor  was em- 

ployed. A number o f   r ad io   t e l ephone   s e t s  were a l so   be ing   cons t ruc ted   for  

f i s h i w   v e s s e l s .   T y p i c a l   b r o a d c a s t   r e c e i v e r s  were a l s o   b e i n g   m u f a c t u r e d  
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a l o n g   h . e r i c a n   l j n e s  of production. l k n y  of t h e  p r t s  u s e d  i n   t h e  equipment 

were of k i r j c a n   m n u f R c t u r e .  A t  this p l a n t ,   l s r e e   q u a n t i t i e s  of s c l t n j ~ m  

r e c t i f i c r s  wcre  assembled  and  sold f o r  u s e   i n   r c c t i f i e r s  f o r  t r a n s m i t t e r s  

of' a l l  t y > e s ,   p a r t i c u l e r l y   b r o n d c a s t i n g   t r a m i t t c r s .   R t c t i f i o r s  of t h i s  

type  were cnployed  vdth  great  succo8s i n  011 nschine switching a p g l i c a t i o n s .  

After   nakint :  a s tudy  of  t h o   r e l i a b i l i t y   o f   s c l e n l m   r c c t i f i c r s  i n  EuropL 

which  hevo b i e n   i n  us0 f o r  about t o n  years w i t h  e p p r c n t l y   i n d e f i n i t e   l i f a ,  

I am of t h e   o p i n i m   t h a t  Y J D  should  adopt t h t m  i o r  e l l  fu tu re   des igns  of 

p o u n d   r a d i o   t r p n s x i t t a r s .  Tt~c o n l y   d i s s d v e n t a g o s   o f   t h z s e   r e c t i f i e r s   m e  

t h e i r   i n c r e a s e d  bulk, weight,  nnd i n % t i n l   c o s t  wh! ch arc- c o r t n i n l y  overcome 

by   the  long u n i n t o r r u p t d  nnd r d i a b l e   s r r v i c e  which  thsy  rendur.  L ike  

a n y   o t h e r   c l c c t r i w l   d e v i c e ,  hnwevcr,  they  should  not bc overloaded. 

The laborn tory  of the   r rcMne  swi tch inc   deF. r t r !en t  vas inspect-d.  Here 

l i f e  ?nd mP.inten?nce t e s t s  were  conducted on the   ro tn ry   swi t ches  which  were 

mmufactured by t h i s  c o q a n y  ?nd Ksed tkmuphmt  Europe 2nd o t h e r  p r t s  o f  

t h e  Tworld. Thei r   cons t ruc t ion  i s  aore  r-:rssive v d  rcTged  thnn  that  of '3trowcer 

switches.  They c l e ined  thr.t t h e i r  I,!.-intenrnce w s  much l e s s   t h a n   v l t h  

StroTiJger s ~ v i t c h e s .  They  h-d c Ves te rn   E lec t r i c   c ros s  b v r  system i n  t h e  

1: borPtory  which  they cons: dered  excellent  from n. L:rintennr:ce ?o in t  of view, 

but   c la imed  thr . t   the  i n i t i : l l  exnens? of  t h e  equipment yi7-s o u t  of  p ropor t ion  

t o   t h e  added r e l i p b i l i t y .  Also,  i t  ::p:elrs t h a t  mnny ~ d d i t i o n : , , l   c i r c u i t  

complicnt ions m e  necessery in o r d e r   t o   u s e   t h e   c r o s s  b r  syster..  

I vms shown F new piece  of l nbor - to ry   equ iymnt  which  h?d just   been 

rece ived .  It w.s fi device  nnnuff ic tured  in  Enpland cnd used fo r  anplyzing 

t h e  miount of pu l se   d i s to r t ion   ove r   any   l eng th  of l i n e  of given  che.r?.cter- 

i s t i c s .  

An i n spec t ion  1ve.s m d e  of t h e  Antwerp Ai rpor t ,  which he,d v e r y   l i t t l e  

a c t i v i t y .  A Kcrconi  typo loop  d i rec tLon  f inder  wns b e i n g   i n s t r l l e d  i n  t h e  
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control   tower .  This cons is ted  of tvm fixed   c rossed  c o i l  loop3  with a 

goniometer  and  receiver.  

On November 23, I v i s i t e d   t h e   P h i l i p s   p l a n t  a t  Eindhoven,  Holland, 

and had a ve ry   p ro f i t ab le   d i scuss ion   w i th  Mr. Volz, I&. P. Zyls t ra ,   and  

Mr. IC. Posthumus. The P h i l i p s  company i n  cooperat ion  with  the  Loth 

company i n   P a r i s   h a s  dona t h e  most progress ive  work in   connec t ion   wi th  

instrument  landing.  Their  views on l o c a l i z e r s   d e a l t   p r i m r i l y   w i t h  con- 

s i d e r a t i o n s  of f l e x i b i l i t y  and s i m p l i c i t y .  In order t o   r educe   t he   poss i -  

b i l i t y  of mult iple   courses ,   they  s t rongly  advocated a very  sharp  covzse. 

They also a d v o c a t e d   t r a n s m i t t i n g   a s   l i t t l e   e n e r g r   t o   t h e  s i d e  a s   p o s s i b l e ,  

b u t   a t ,   t h e  Bame time t o  emit s u f f i c i e n t   e n e r g y   t o   t h e   s i d e   t o  mask any 

s p u r i o u s   l o b e s .   I n   o r d e r   t o   o b t a i n   t h e s e   p a t t e r n s ,   t h e y   u s e d  two v e r t i c a l  

an tennas   fed  180 degrees   out  of phase  and s p c e d  3/4 of a wavelength.   In  

l i n e   w i t h   t h e s e  two antennas ,  two o t h e r   w e r e   s p e t r i c a l l y   s p a c e d  3/8 

wavelength  apar t  and f e d  i n   p h a s e   w i t h  one another ,   bu t  90 degrees  out o f  

phase   wi th   the   ou ts ide   an tennas .  The phase of t he   ou t s ide   an tennas  i s  

reversed  by  dot-dash  keying. The r e s u l t  i s  two overlapping  kidney  been 

shaped  pat terns   with  very  sharp  courses .   There  are  no key   c l icks  f o r  trm, 

fundamental   reasons; f irst ,  when on-course  the  only  energy  received i s  

from the  in-phase  antennas  which  are   unkeyed,  end  second,   e lectronic   bias  

keying  with a s i n g l e   p o l a r i z e d   r e l a y  i s  used ,   thus   e l imina t ing   contac t  

a r c ing .  Equipment of t he   t ype   j u s t   desc r ibed  was i n s t a l l e d   a t   S c N p h o l  

A i rpo r t ,  which Was v i s i t e d   t h e  fo l lowlag  day. 

They s t a t e d   t h a t  a s ing le   an tenna  a t  t h e   c e n t o r  of the  system was 

p re fe r r ed   i n s t ead  o f  t h e  two in-phase   an tennas ,   s ince   th i s   reduced   the  

mutual  impedance  between t h e   a n t e n n a   s y s t e m  and m d e  them eas i e r   t o   hand le .  

The Dutch Air M i n i s t r y   i n s i s t e d  however on t h e  two in-phose  antennas  in  

order t o   g e t  a s t ronge r  on-comse w i t h   l e s s   e n e r g y   t o   t h e   s i d e s ,  90 t hey  

P4 A T . 1  
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had t o   c o n s t r u c t  it a s   s p e c i f i e d .  

The!.-antenna i n s t a l l e d   a t  Lyon and a l ready   descr ibed  was d l s c u s s e d   i n  

d e t a i l  by t h e  PLi l ip s  engineers .  Tiley sa id   they   d id   no t  like t h i s   s y s t e m  

a s   w e l l   d u e   t o   t h e   r e v e r s a l  of s i g n a l s  as one   pnssed   over   the   s ta t ion .  

I n  one ins tance ,   howevi r ,   thay  were nb le   t o   e l imina te   mu l t ip l e   cou r ses   by  

using t h i s  scheme when t h e   k i e n e y   b e m   p a t t e r n s  were unsuccessful .  This 

t e s t  would d e f i n i t e l y   i n d i c a t e   t h a t   m d i a t i n g  l e s s  energy   to   the   s ide  ms 

h e l p f u l   i n   r e d u c i w   m u l t i p l e   c o u r s ~ ' ~ .  Some of t h e   i n t e r e s t i n g   f e a t u r e s  

of this system m e   t h a t  even  though  there   are  two channe l s ,   va r i a t ion  i n  

m p l i t u d e  of e i ther   channel   does   no t   Rffec t   the   course   pos i t ion ,   bu t   on ly  

a f f ec t s   t he   cou r se   w id th  end p o s s i b l y   t h e   m p l i t u d e  of the  on-course sig- 

n a l .   R e l n t i v t l y   l a r g e   v a r i a t i o n s   i n  p h s e  of t h e  two channels  have a mll 

e f f e c t  on the   course   pos i t ion   and   pr imar i ly  a f f ec t  the  course  width.  Any 

change i n  phase  ketween t h e ' m t o n n a s  which a r e  normally le0 degrees o u t   o f  

phase will a f f e c t   t h e   c o u r s e   p o s i t i o n .   I n   p r a c t i c e ,  however, th is  i s  t h e  

eas i e s t   phase   r e l a t ion   t o   ma in ta in .  m e  v a r i o u s   c i r c u i t s  which a f f e c t  

p h a s e   i n   t h e   t r m s m i t t e r  nre d e l i b e r a t e l y   l o a d e d   t o  have a Q l e s s  than 10  

so 8s t o  make them as n o n - c r i t i c a l  " s  poss ib l e .  

With regerd   to   audio   phpse ,   cnre  must   be  taken  to   insure   thnt   the  

audio  f requency  energy  appl ied  to   eech  channel  is i n  phase. This r e q u i r e s  

spec ia l   ne tworks  when the   l oads   p re sen ted  by each   channel   a re   d i f fe ren t .  

Another  point of i n t e r e s t  i n  t h e  equiprrsmt  which was msde for   Schiphol  

m s  t h e   f a c t   t h a t  811 antcnn;.s were housed i n   g l a s s   t u b i n g   a b o u t  2% inches  

i n  diameter   to   reduce  the  effects   of   weather  -and snow and ice .   Spacers  

were  used t o  keep  the  entennos i n  t h e   c e n t e r  of t h e   t u b e .  The feeders  from 

t h e   t r a n s m i t t e r  were  two-wire  balanced  transmission  l ines  inside of 3-inch 

round copper  pipe. All l i n e s  were e x a c t l y   s g m e t r i c R 1   i n   o r d e r   t o   a v o i d  

as  far  e s  poss ib l e   ba l rnce  and phase d i f f i c u l t i e s .  
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The use of r a d i o   f r e q u e n c i e s   i n  Europe was discussed and it was i n d i -  

ca ted  by t h e   P h i l i p s   e n g i n e e r s   t h a t   t h e y  were  of t he   op in ion   t ha t   h ighe r  

f requencies   than  33 and 38 megacycles  should be  employed in orde r   t o  

e l i m i n a t e   i n t e r f e r e n c e  which Bometimes occurred.  

On November 24, I v i s i t e d  o u r  Bnbessy a t   t h e  Hague and a l s o   c a l l e d   o n  

Mr. S e l i s ,  who was Mr. Hof's assistant. Mr. Hof i s  i n  charge of all 

r a d i o  communication and m v i g a t i o n   f o r   t h e  Air Mini s t ry  of Holland. I&. 
S e l i s   t o o k  me t o   t h e   S c h i p h o l   A i r p o r t   a t  Amsterdam  and showed me a l l  Of 

t h e   r a d i o  equipment a t  t h e   f i e l d .  All t h e  communication t r a n s m i t t e r s  were 

l o c a t e d   i n  one bui ld ing   about  a r i l e  f rom  the   f i e ld .  A s  i s  t h e  usual 

European p r a c t i c e ,  many antennas  were strung u p   i n  a r e l a t i v e l y  smell a r e a .  

They had an   o ld  10 k i lowa t t  low f r e q u e n c y   t r a n m i t t e r  which  they  couldn't  

use  any more because  of   the  excessive  interference it caused. It could 

only  bo used on vary low power i n   c a s e  of an emergzncy. Most of t h e   t r a n s -  

mit ters   were  ra ted  between 400 watts nnd  one k i lowa t t .  The usua l   r ad io -  

phare was in o p e r a t i o n   a t  this s t a t i o n .  All t r m s m i t t e r s  were  remotely 

con t ro l l ed   f rom  the   a i rpo r t .  

Cn t h e   a i r p o r t  was loca ted   t he   u sua l  long-wave P h i l i p s  two-course 

radiobeacon of t h e  same type  used a t  Le Bourget  and  Brussels. The r e m r k -  

a b l e   f e a t u r e   o f  t h i s  s t a t i o n  was Tke f a c t   t h a t  i t  operatbd on a s t r i c t l y  

m o d u l a t e d   c a r r i e r .  For r e c e p t i o n ,   a n   o s c i l l a t i n g   r e c e i v e r  was used. In 

o r d e r   t h a t  I might l i s t e n  t o  t h e   c o u r s e ,   t h e y   l e t  me take a po r t ab le  moni- 

t o r  rece iver   and   explore   the   course  on t h e   o p p o s i t e   s i d e  of t h e   f i e l d .  The 

Course  width  appeared t o  be very  broad,  approximately 5 deg rees ,   bu t   t he  

key c l i c k s  were   negl ig ib le .   In   conjunct ion  wi th  t h i s  baacon  were tw mark- 

e r s .  One was a t  the edge of t h e   f i e l d  on t h e  same frequency  with  the  radio-  

beacon  and was keying  dots.  The o u t e r   m r k e r  was operated  cont inuously,  
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bu t   t he   f r equmcy  wag wobbulated a t   t h e   r a t e  of  once a second  through a 

f i v e   k i l o c y c l e  band  on  both  sides of t h e   c a r r i e r  of t h e   r a d i o   l o c a l i z e r  

beacon. 

A Lorenz  beacon  had a t  one  t ime  been  installed and operated a t  t h i s  

a i r p o r t ,   b u t  had  been  taken  out   and  replaced  by  the  Phi l ips '   t ransmlt ta  

a l r e a d y   d e s c r l b e d .   I n  E six months '   per iod ,   they  had 15 f a i lu re s  of 

var ious   par t s   o f   the   Lorenz   t ransmi t te r ,  most i n t e r e s t i n g  o f  which was 

t h e   f a c t   t h a t   t h e   a n t e n n a   r e l a y s  would s t i c k ,   r e s u l t i n g   i n  a large d i s -  

placement  of  courses. This conf i rmed  the   d i f f icu l t ies   observed   a t   Zur ich  

a n d   l a t e r   o b s e r v e d   i n   s e v e r a l   i n s t a n c e s   i n   E n g l a n d . .  These experiences 

p o i n t   d e f i n i t e l y   t o   t h e   n e c e s s i t y   f o r   m e c h a n i c a l   i n t e r l o c k i n g .  The u s e  of 

on ly  one relf ty  that can   on ly   be   in  one o f  two pos i t i ons   such   a s  opened  and 

c losed  o r  connected t o  the   back  o r  f ron t   con tac t  would accomplish this. 

The P h i l i p s   u l t r a   h i g h   f r e q u e n c y   l o c a l i z e r   o p e r a t i n g  on 33 megacycles 

was inspec ted  and found  to  be an e x c e l l e n t   i n s t a l l a t i o n .  Eech  channel had 

a capac i ty  of 500 watts. The distance  range  "on-course" was considerably 

s e a t e r   t h a n   t h a t   o b t a i n e d  with the  Lorenz  beacon a t  B e r l i n  when making 

comparisons on t h e  same s h i p   w i t h   t h e  same antenna  and  receiver.   Using 

a moni tor ,   the   course  was checked a t  150 fee t   f rom t h e  antenna.  It was 

only  about a foo t  wide  and no key  c l icks   whatsoever   could  be  observed.  

This was the  smoothest   keying I had ever   observed   a t   such   c lose   p roximi ty  

t o   t h e   t r a n s m i t t e r .  The mrke r   beacons   cons i s t ed  of conventional  low 

power t r a n s m i t t e r s  and single ha l f  wave double ts  a qua r t e r  vmve above 

ground  screens. Four of these  markers  were  used,  an  inner  and  outer  marker 

on each  s ide of t h e  f i e l d .  This is: typ ica l   European   prac t ice  to use  one 

l o c a l i z e r  f o r  two wind d i r e c t i o n s   a l t h o u g h   t h e   p i l o t s   p r e f e r   t o   f l y   t o w a r d  
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t h e   l o c a l i z e r   r a t h e r   t h a n   f l y   o v e r  i t  jus t   be fo re  landing.  This equipment 

was being made ready f o r  f l i g h t   t e s t s  and approval  by t h e  Air Minis t ry .  

I was i n v i t e d  t o  p a r t i c i p a t e   i n   t h e s e   t e s t s  which would take   p lace   the  fol- 

lowing  week,  but had t o  d e c l i n e  due t o  l a c k  o f  t ime.  From what I observed, 

I be l i eve  that-this w i l l  be t h e  most   sat isfactory  instrument   landing 10Ca- 

l i z e r   i n  Europe. By merely turning a knob on t h e   t r a n s m i t t e r ,   t h e   c o u r s e  

width  could be changed  from 0.2 d e g r e e   t o  4 degrees .  The optimum course 

w i d t h   i n   p r a c t i c e  on o t h e r   l o c a l i z e r 8  has been  found  to be a p p r o x i m t e l y  

1.5 degrees .  It ha8 been found i n  Europe that inexpe r i enced   p i lo t s   p re fe r  

broader courses  of 4 t o  5 degrees ,   whereas   experienced  pi lots   prefer  coui-ses 

from 1 t o  2 degrees  i n  width. 

The equipment a t  the   admin i s t r a t ion   bu i ld ing  m s  inspec ted  and found 

t o  be t y p i c a l  i n  a l l  r e s p e c t s  of t h a t  used a t   o t h e r   a i r p o r t s .  

An i n t e rv i ew was had wi th   t he   ope ra t ions  manager  of K.L.M., who 

i n v l t e d  me t o   i n s p e c t   t h e   r a d i o  equipment on t h e i r  E - 3  planes .  The i n -  

s t a l l a t i o n  on t h e   s h i p  m s  the   bes t   observed   in   Europe .  The appara tus  was 

i n s t a l l e d  as  if it ac tua l ly   be longed   to  t h e  sh ip   and  Was not  a necessary 

gadget that had t o   b e  hung on a s  an a f t e r though t .  The t r a n s m i t t e r  had a 

power output  of 300 watts c.w. ,  which  enabled them to   ma in ta in   cons t an t  com- 

munica t ion   wi th   the i r   sh ips  on  t h e  Dutch East I n d i e s   r o u t e .  The r ad io  equip- 

ment was all manufactured  by  the  Philips Company. The antenna  system8 on 

t h e   a i r p l a n e  were iden t i ca l   t o   t hose   a l r eady   desc r ibed  and used  by SS,vlSs 

Air. 

On November 25, I v i s i t ed  t h e   P h i l i p s   t r a n s m i t t e r  works a t  Hilversum, 

which m8 about 15 mi l e s  from Amsterdam. I had a d i scuss ion   w i th   t he   ch ie f  

e n g i n e e r   r e l a t i v e  t o  equipment  which they  had b u i l t  and were bu i ld ing  f o r  

a i r c r a f t   u s e .  It was discovered that they  had m d e  a complete  radio  range 
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t r a n s m i t t e r   o p e r a t i n g  on 50 cms. f o r  the  French Air k!inis t ry   several   years  

ago. The power output  vias approximately 75 vratts. bhgnetons  were used a s  

o s c i l l a t o r s  f o r  t he   t r ansmi t t e r .   S t anda rd  954 tubes  were used i n  t h e   r e -  

c e i v e r   w i t h   t r i p l e   d e t c c t i o n .   D i s t a n c e s  up to   abou t   e igh ty   mi l e s  were  ob- 

t a i n e d   a t  an a l t i t u d e  of 5000 f e e t .  The r e su l t s   ob ta ined  w f z e  s a i d   t o  be 

exce l l en t  and it i s  not  understood  by  Philips why tho  French  did n o t  pursue 

th i s   deve lopnen t  more d i l i g e n t l y .  

It was found t h a t   t h e y  were mnufac tu r ing   s eve ra l   hundred   a i r c ra f t  re -  

ce ive r s   and   t r ansmi t t e r s  f o r  t h e   F r e n c h   t o   o p e r a t e  i n  t h e  band 195-200 mega- 

cyc les .  The cons t ruc t ion  was very  good.  Concentric  l ightweight  copper 

tanks  had  been  developed so t h a t   a l l  machine  thread  and  f r ic t ion  contacts  

were  eliminated.  This was accomplished through a c o r r w a t e d   f l e x i b l e   d i a -  

phragm permanent ly   connected  to   the  inner  and outer   tubes  o f  t he   concen t r i c  

tank .  It al lowed  suff ic ient   f reedom of movement t o  p e r n l t   t h e   i n n e r   t u b e   t o  

be  screwed I n  and 'out   thus   tun ing   th rough  the   f requency   range   requi red .  The 

inner   concent r ic   tube  hod the   convent iona l   d i sc   a t tached  t o  t h e  end and was 

des igned   t o   u se   me ta l s  which had d i f f e r e n t i a l   c o e f f i c i e n t s  of expansion  thus 

ma in ta in ing   cons t an t   e l ec t r i ca l   capac i ty   w i th   va ry ing   t empera tu res .  The 

sockets   which  were  designed  to   hold  the 954 tubes   were   o r ig ina l  i n  design  and 

t h e   b e s t   t h a t  I had ye t   seen .  I ordered  one of these   to   be   sen t   to  us f o r  

f u r t h e r   i n s p e c t i o n  and t e s t .  

Considerable  t ime was spent  in t h e   P h i l i p s   l a b o r a t o r y   i n s p e c t i n g  a 

t y p i c a l   r e c e i v e r  which  they  brought  out t o  compete wi th   t he   one  made by 

Telefunken  which i s  used on most  ships i n  Europe. The p h i l i p s   r e c e i v e r  of 

the   type   used  on a l l  KLM a i r c r a f t  i s  v e r y   f l e x i b l e  i n  design.  It has  a six- 

pos i t i on   swi t ch  wh ich   enab le s   t he   r ece ive r   t o   be   u sed   a s  follows: es a null- 

t y p e   f i g u r e - o f - e i g h t   d i r e c t i o n   f i n d e r ,   a s  R ca rd io id  f o r  s ense   i nd ica t ion ,  a B  
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an  or thodox  receiver   with a non-d i r ec t iona l   r ece iv ing   pa t t e rn ,  as an 

N-A typ d i r e c t i o n   f i n d e r  of t h e   a u r a l   t y p e ,   a s  a v i s u a l   r a d i o  compass 

f o r  homing,  and a s  a dot-dash  radio range v i sua l   cou r se   i nd ica to r .  The 

f irst  four of t h e s e   a p p l i c a t i o n s  worked ve ry   we l l   wh i l e   t he   l a s t  tm i,orked 

o n l y   f a i r l y   w e l l .  The major d i f f i c u l t y   w i t h   t h e   l a s t  two a p p l i c a t i o n s  was 

I: cons iderable   l ag  due to   t ime   cons t an t s  which  were  necessary t o   @ v e  

s t eady   po in t e r   i nd ica t ion .  They  had d e f i n i t e l y   t a k e n   t h e   s t a n d  that a 

k ick ing   po in t e r  was t h e  wrong type  o f  i n d i c a t i o n  f o r  t h e   p i l o t ,  so under- 

took t o  develop a s t eady   t ype   o f   i nd ica to r  t o  work on the  dot-dash  keying 

of rad io   range   loca l izers   which  i s  standard  throughout Xurope on both 

u l t r a -h igh  and low f requencies .  Tke i n d i c a t o r  .;hich they  f inal ly   produced 

was i n f e r i o r   t o  t h e  i n d i c a t o r  which we a t  one  time  developed f o r  t h e  same 

purpose  but   f inal ly   abandoned  because  of   inherent   dif f icul t ies  i n  t h e  

p r a c t i c a l   a p p l i c a t i o n  of t h e   p r i n c i p l e .  T u s t s  w i th  this equipment showed 

t h a t  a delay  of   f rom  f ive  to   seven  seconds  occurred when c ross ing   r ap id ly  

f r o m  one s i d e  o f  t h e   c o u r s e   t o   t h e   o t h e r .  The ac t ion   o f   t he   po in t e r  was 

r e l a t i v e l y  smooth al though it  kicked  approximately 3/16 of an   i nch  when 

o p e r a t i n g   a t  full def l ec t ion  on e i t h e r   s i d e  of center .  The u s u a l   d i f f i -  

cu l t i e s   w i th   ze ro   cen te r ing   were   a l so   no ted .  They claimed,  however,  that 

they  had  developed a new model i n  which t h i s   d i f f i c u l t y  i s  grsa t ly   reduced .  

I n   o r d e r   t o   o b t a i n  a v i s u a l  compass that would swing right or  l e f t ,  

they   reversed   the   phase  of t he   l oop   an tenna   a t  a dot   dash   keying   ra te  

and  combined th i s   ane rgy   w i th   t ha t   p i cked  up by a v e r t i c e l   a n t e n n a .  This 

was fed   t h rough   t he   r ece ive r  and   s tandard   do t -dash   v i sua l   ind ica tor   c i r -  

c u i t   a n d   i n d i c a t o r  which showed whe the r   t he   a i rp l ane  wa9 headed t o   t h e  

r i g h t  o r  t h e   l e f t  of t h e   s t a t i o n   b e i n g   r e c e i v e d .  The method i s  ve ry   i n -  

g e n i o u s   i n  i t s  a p p l i c a t i o n   i n   t h a t  it i s  vory simple and no phaslng o r  

.~ , 
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Synchronization i s  required  between  the  input and o u t p u t   c i r c u i t s .  Each 

i s  ent i re ly   independent  of  t h e   o t h e r .  The dots  and  dashes  are  produced 

by a s i n g l e  cam and p a i r  of con tac t s .  The major d i f f i c u l t y   h e r e  is s t i l l  

t h a t  5 t o  7 second  de lay   in   record ing   the   t rue   heading  of the   p lane  as 

a t u r n  i s  being made. Also t h e   n e e d l e   k i c k s   s l i g h t l y  on e i t h e r   s i d e  o f  

cen te r  . 
A swi tch  I s  ineorpora ted  i n  t h e   r e c e i v e r  so  t h a t   t h e  same i n d i c a t o r  

a n d   v i s u a l   i n d i c a t o r   c i r c u i t  may be connec ted   to   the   ou tput  of t h e   u l t r a  

high  f requency  receiver  f o r  use   on   the   loca l izers .  

A b r i e f   i n s p e c t i o n  was made of a 50 k i lowat t   b roadcas t   t ransmi t te r  

ope ra t ing   ad jacen t   t o   t he   f ac to ry .  The two most unusua l   f ea tu re s  ob- 

served  were  the guyed r a d i a t o r ,  which was supported  on two small pieces  

of b a r r e l  shaped  porcelain  about  four  inches  long and th ree   i nches  in 

diameter,  apd  the  counterpoise  system  which was o n l y  about 15 f e e t   i n  

rad ius   and   ye t  was claimed  to   be  bet ter   than  using  the  ground.   Special  

Wooden troughs  about 26 f e e t  long were  used t o   c a t c h   a l l   t h e   w a t e r  from 

the  tower i n  o rde r   t o   keep  it  from runn ing   ove r   t he   i n su la to r s .  The 

t r a n s m i t t e r  was c o n v e n t i o n a l   i n   a l l   r e s p e c t s .  

An in spec t ion  was made of PCJ, PC1, and FC2, which  were  three  high 

f r equency   s t a t ions  f o r  r e g u l a r   b r o a d c a s t i n g   t o   t h e  Dutch co lon ie s .  I 

saw t h r e e  beam antennas of  conventional  construction  which  were  supported 

on towers  about 300 fee t   h igh ,   each  with i t s  a s s o c i a t e d   t r a n s m l t t s r .  

Another beam antenna of t h e  most unusual   construct ion was a la0   inspec ted .  

I t  cons is ted  of two 300-foot wooden towers   p laced   ad jacent   to   each   o ther  

and mounted  on a c i r c u l a r   r a i l   t r a c k .  An ex tens ive  beam antenna  with  fed 

r e f l e c t o r s  was suppartea  by  these  towers .  With th i s   an t enna   a r r ay ,  

beam t ransmiss ion   could  be e f f ec t ed  In  a n y   d i r e c t i o n   i n  a very  few 
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minutes. The towers were r o t a t e d  on t h e   t r a c k s  by  means of two motors 

ope ra t ing  on   oppos i te   s ides  of t h e   c i r c u l a r   t r a c k .   I n   p r a c t i c e   t h e y  

d i r ec t ed  it toward t h e  Du tch   Eas t   Ind ie s   fo r   ce r t a in   hour s  of the  day 

and t h e   r e s t  of t h e   t i m e   t o m r d  'Dutch  Guiana. 

On November 26, I a r r i v e d   a t  London and v i s i t e d  o u r  Embassy where 

I met Mr. Homer Fox of t h e  Commercial A t t a c h e ' s   o f f i c e ,  and I&. C .  E. 

Brookhart ,  American  Trade  Commissioner. I made arrangements  through 

t h e  Embassy t o  vis i t  t h e   B r i t i s h  Air F i n i s t r y ,  Croydon and  Heston Air- 

p o r t s ,  and t h e  Marconi company. 

On November 27,  I met Mr. Spano le t t i  of t he   S t anda rd   E lec t r i c  

Company and Kr. Eullock  of   the  Internnt ional   Telephone & Telegraph 

Corporation,  and had a long  discussion  concerning  instrument   landing 

systems,  radio  compasses for a i r c r a f t ,  and a i r  n a v i g a t i o n   f a c i l i t i e s .  

On November 28, I v i s i t e d  A i r  Commodore Nutt ing,   Colonel  Lywood, 

Captain  Chandler ,   and  Senior   Signals   Off icer  Duncan of t h e  Air l ' i n i s t ry .  

Ins t rument   l anding   as   appl ied   bo th   in   England   and   in  America v i a s  t h e  

major   topic  of d i scuss ion .  YD. h c a n  then  personal ly   conducted me on 

a t o u r  of bo th   t he  Croydon  and  Heston A i r p o r t s ,  which &re   l oca t ed  on 

oppos i t e   s ides  of t h e   c i t y  of London. A t  t h e  Croydon Airport, a Lorenz 

sys t en  was i n s t a l l e d  f o r  instrument   landing.  The l o c a l i z e r  was i n  what 

appeared   to   be  a q u i t e   s a t i s f a c t o r y   l o c a t i o n   i n   t h a t  it was i n   t h e   c l e a r  

from  hangars  and  other  objects by several   hundred  feet .  An i ron   fence  

c lose  t o  t h e   l o c a l i z e r  had  been removed and  replaced  with a wooden fence.  

The nearest   hangar  was approximately 600 f e e t   t o   t h e  right of the   course  

and a t  an angle  of approximately 50 degrees   off   course.  This course was 

s a i d  t o  give  e n t i r e l y   s a t i s f a c t o r y   r e s u l t s   w i t h o u t   m u l t i p l e   c o u r s e s .  

The control  tower  equipment was inspected  and  found t o  be q u i t e  
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similar to   tha t   used   e l sewhere  i n  Europe.  Three  loop  antennas  were  located 

i n  t h e  immediate v i c i n i t y  of t he   con t ro l   t ower  and  arrangements  had  been 

worked out  whereby it was p o s s i b l e   t o   o p e r a t e  two rece ivers   s imul taneous ly  

on a s ing le   l oop  Land take  bear ings  independent ly .  The r e s u l t s   o b t a i n e d  

undGr condi t ions  of e x i s t i n g   h i g h  l e v e l s  of l o c a l   i n t e r f e r e n c e  were q u i t e  

su rp r i s ing .  I t  :~E:H cxpleined that England was broken down i n t o   s p e c i f i e d  

con t ro l   a r eas   mi th in  which all a i r c r a f t  had t o   r e p o r t   t o   t h e   c e n t r a l   t r a f f i c  

con t ro l   t ower   i n   o rde r   t o   p roceed   w i th in   t ha t   a r ea .  All t r a f f i c   i n   t h e  

Croydon c o n t r o l  area which  oncompassed the   sou theas t e rn   po r t ion  of England 

was c o n t r o l l e d  from t h e  Croydon tower ,   whereas   t ra f f ic  bound f o r  Heston 

which i s  on t h e   n o r t h   s i d e  of London was a l l  c o n t r o l l e d  from the  Heston  con- 

t r o l  tower. It was v e r y   i n t e r e s t i n g   t o   n o t e   t h a t  a narrow  port ion of 

des igna ted   a i rway  led  from the  Heston Airport due s o u t h   t o   t h e   c o a s t  O f  

England  immediately  west o f  t h e  Croydon con t ro l   a r ea .  T h i s  was done so 

that sh ips   des t ined  Tor the  Heston  Airport   from  France  could fly d i r e c t l y  

in to   Hes ton   w i thou t   c ros s ing   t he  Croydon c o n t r o l   a r e a .  This was neces- 

s a r y   i n   o r d e r   t o   r e d u c e   t h e  communications  burden  on t h e  Croydon c o n t r o l  

tower.  All sh ips   a r e   r eques t ed   t o   con tac t   t he   con t ro l   s t a t ion   immedia t e ly  

upon en te r ing  a g iven   cont ro l   zone .  The s i z e  o f  each of these   con t ro l  

zones  depends somewhat on  the  congest ion and flow of t r a f f i c .  England is 

divided  into  approximately 25 control   zones.  Two Adcock ground d i r e c t i o n  

f i n d e r   s t a t i o n s  are c lose ly   coord ina ted   w i th   t he  London control   tower   and 

fu rn i sh   bea r ings  upon r eques t .  These s t a t i o n s  are loca ted  40 o r  50 mi l e s  

from London. One i s  i n  a sou the r ly   d i r ec t ion   whereas   t he   o the r  Is t o   t h e  

no r theas t .  It vfas v e r y   i n t e r e s t i n g   t o   n o t e  that t h e  number of r eques t s  

f o r  p o s i t i o n   f i x e s  had been   rap id ly  on the   dea l inp   whereas   the  number of 



- 59 - 

bearings  had  been  on  the  increase.   This would i n d i c a t e  that under   ordinary 

c o n d i t i o n s   a i r c r a f t  are e n t i r e l y   e a t i s f i e d   w i t h   i n f o r m a t i o n  on t h e i r   b e a r -  

i n g   w i t h   r e s p e c t   t o   t h e   t e r m i n a l   e t a t i o n .  Under cond i t ions   o f  low c e i l i n g s ,  

a i r c r a f t   a r e   b r o u g h t   i n t o   t h e   v i c i n i t y   o f   t h e   a i r p o r t  on such  hear ings and 

then   gene ra l ly   u t i l i z s   t he   Lorenz   u l t r a -h igh   f r equency   l oca l i ze r   and   marke r  

beacons f o r  approaches   t o   t he   f i e ld .  

An i n s p e c t i o n   w a s ~ n e x t  made of the   Hes ton   a i rpor t .   Inamuch a6 t h i s  

vias t he   p l ace  where t h e  first Lorenz   l oca l i ze r  w8s i n s t a l l e d   i n  England 

a n d   i n  view of t h e   f a c t  that c o n s i d e r a b l e   d i f f i c u l t y   w i t h   m u l t i p l e   c o u r s e s  

had  been  experienced  with  this station. i t  proved t u  be o f   g r e a t   i n t e r e s t .  

A l o c a l i z e r  was s i t u a t e d   w e l l   o u t   i n   t h e   f i e l d   c l e a r  o f  a l l  hangars  by 

a p p m x i m t e l y  700 feet .   There  were a few t rees   approximate ly  400 fee t  

beh ind   t he   l oca l i ze r   and   a l so  some small houses  were i n  t h a t   v i c i n i t y .  The 

loca t ion   appeared  t o  be   qu i t e   i dea l .  Upon check ing   fu r the r   i n to   t he   h i s -  

t o r y  of t h e  i n s t a l l a t i o n ,  it was found that about  three  months  ago it had 

been moved f r o m  i t s  o r i g i n a l   l o c a t i o n  which i w s  s l i g h t l y  t o  one  side  and 

n e a r e r   t h e  edge of t h e   a i r p o r t .  I a l s o  l ea rned   t ha t   t he   r eason   fo r   t he  

move %as p r i m r i l y   t o   e l i m i n a t e   m u l t i p l e   c o u r s e s .  It was also  determined 

t h a t  a p o r t a b l e   I n s t a l l a t i o n  had first been made i n   t h e   e x a c t   l o c a t i o n  of 

t h e  new antenna and that a f t e r  numerous t r i a l s  i n   d i f f e r e n t   o t h e r   l o c a t i o n s ,  

t h i s   f i n a l   s i t e  had  been se l ec t ed .   Af t e r   comple t ing   t he  permanent installa- 

t i o n ,  however, i t  was found t h a t   m u l t i p l e   c o u r s e s  were neve r the l e s s   p re sen t .  

During  the  period  between  the time when t h e   o r i g i n a l   t e s t s  were made w i t h  

t h e   p o r t a b l e  equipment   and   the   ins ta l la t ion  and t e s t  of t h e   f i n a l   e q u i p n e n t ,  

no new bu i ld ings  or s t r u c t u r e s  had  been  erected on t h e   a i r p o r t .  Hoiiever, 

a very  la l -ge  re inforced  concrete   apron had  been  erected  in   f ront  of t h e  
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admin i s t r a t ion   bu i ld ing  and t h e  hangars. It was suggested t h t  p o s s i b l y  

t h i s   a p r o n  may be   r e spons ib l e   fo r   t he   d ive rgen t   r e su l t s   ob ta ined .  

Approximately  one week p r i o r   t o  my arr ival ,  t h e  Air h l in i s t ry  ha& taken 

s t eps   t o   e l imina te   mu l t ip l e   cou r ses  on t h e   l o c a l i z e r .  They  had succeeded 

t h r o w h   t h e   d e v i c e  of  e r e c t i n g  a d i r e c t o r   i m e d i a t e l y  in f r o n t  of t h e  

c e n t r a l  fed  antenna  and a r e f l e c t o r   i m e d i a t e l y   b e h i n d   t h e   c e n t r a l   a n t e n n a .  

This gave  more  energy i n  a forward   d i rec t ion   and   decreased   to  some exten t  

the  energy t o  t h e   s i d e s  and a t  t h e  same t ime  great ly   reduced  the  energy 

In a backward d i r e c t i o n .  The r e p o r t s  on t h e   l o c a l i z e r  were- s a i d   t o  show 

e n t i r e l y   s a t i s f a c t o r y   r e s u l t s .  It was decided,   however ,   that   the   loca-  

l i z e r   s h o u l d  be  removed e n t i r e l y  from t h e   a i r p o r t ,  inasmuch 88  i t  was con- 

s ide red   an   obs t ruc t ion .  A survey was m d e  i n  t h e   v i c i n i t y   o f   t h e   a i r p o r t  

and i n   l i n e   w i t h   t h e  runway and a more s a t i s f a c t o r y   s i t e  was found approx- 

imate ly   one   n i le   back  from the  edge of t h e   a f r p r t  I n  a c l e a r   a r e a   i n   l i n e  

w i t h   t h e   b e s t   a p p r o a c h   t o   t h e   f i e l d .  It i s  now planned t o   r e l o c a t e   t h e  

e n t i r e   l o c a l i z e r   i n  th i s  new s i t e .   t h e   t e s t s  on t h e   o r i g i n a l   l o c a -  

l i z e r  when mul t ip les   appeared  on t h e  back  course, i t  vas found t h a t  by cu t -  

t i n g  down two t r e e s   a t   t h e  edge   o f   t he   a i rpo r t ,  i t  was p o s s i b l e   t o  elimi- 

n a t e  two of these  spurious  Courses .  This in format ion  i s  ve ry   s ign i f i can t .  

i n   t h a t  it was t h e  first repor ted   case  of i t s  kind. I t  would d e f i n i t e l y  

i n d i c a t e   t h a t   t r e e s  may a c t   a s   r e f l e c t i n g   o b j e c t s .  The control   tower  

t ransmi t te rs   were   inspec ted   and  were t y p i c a l  o f  o t h e r   i n s t a l l a t i o n s  i n  

Europe. 

On December 29, a v i s i t  was made t o   t h e  Hughes Company, where a son ic  

a l t i m e t e r  was i n  t h e  first s t a g e s  of development.  Another  device  inspeoted 

vvas a m g n e t i c  compass opera ted  by a s p e c i a l l y   d e s i g n e d   c a t h d e   r a y   t u b e  
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t o   p o s i t i o n   w i t h   r e s p e c t  t o  t h e   e a r t h ' s  mgnetic f i e l d .   T h i s  a160 m s  i n  

i t s  i n i t i a l   s t a g e s  of development. The p o s s i b i l i t i e s  of using t h i s   d e v i c e  

t o  measure  angle of d i p  w e s e  be ing   inves t iga ted .  It was qu i t e   appa ren t  that 

t h e  two currents   developed by the  cathode ray tube   could   be   used   to   opera te  

a d i f f e r e n t i a l   t y p e  of meter  which would show t h e   t r u e   w g n e t i c   i n d i c a t i o n .  

The g r e a t e s t   d i f f i c u l t y   a p p e a r e d   t o  be t h a t  i t  would be necessa ry   t o   s t ab -  

i l i z e   t h e   c a t h o d e   r a y   t u b e   w i t h  a gyro con t ro l l ed   dev ice  i n  order that it 

would  be una f fec t ed   i n  rough a i r .  !Phis would  probably  require a f a i r l y  

heavy  gyroscopic  mechanism. 

A v i s i t  was m d s   t o   t h e   r a d i o   r e s e a r c h   b o a r d  a t  Slough,  where I met 

Uessrs. Smith  Rose  and  Barfield. I was t a k e n   t o   t h e i r  development 

f i e l d   s t a t i o n  where I inspec ted  a modified Adcock U antenna using a 

ca thode   ray   ind ica t ing   tube   for   ob ta in ing   bear ings .   Demonst ra t ions   were  

made on this equipment  and it was found tha t   t e l eg raph   s igna l s   cou ld   be  

used f o r  ob ta in ing   bea r ings  and a l s o  tha t  i t  was possible  t o   r a p i d l y   t a k e  

a bear ing on a swing ing   nu l l   by   v i sua l ly   i n t eg ra t ing   t he   r ead ings .  I n  

o rde r  t o  measure   po lar iza t ion   e r rors ,   they  had e rec t ed  a p o l e   f a i r l y   c l o s e  

to   t he   an t enna  and of cons iderable   he ight .  It was the rewi th   poss ib l e   t o  

t r a n s m i t   e i t h e r   v e r t i c a l l y   p o l a r i z e d  o r  h o r i z o n t a l l y   p o l a r i z e d  waves  and 

d e t e r m i n e   d e f i n i t e l y   t h e   p o l a r i z a t i o n   e r r o r s   i n   e a c h   c a s e .  It was with 

t h i s   e x p e r i m e n t a l  equipment tha t   t hey   were   eb le   t o   l ea rn  much about   the  

e l imina t ion   o f   po la r i za t ion  e r r o r s  and eventually  succeeded in s l imina t -  

1% t h e   w d e s i r a b l e   e f f e c t s  of h o r i z o n t a l   p o l a r i z a t i o n .  It m s  s t a t e d  

tha t   t hey   were   beg inn ing   t o  do some v e r y   i n t e r e s t i n g  work on ul t ra -h igh  

f r equency   d i r ec t ion   f i nd ing ,   bu t  time yws not   then   ava i lab le  t o  denmn- 

s t r a t e  o r  show this equipment t o  me. 
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I met Uessrs. I?. S. Derton  and C ~ X  Walker of t h e   A i r   I I i n i s t r y   a t  

Slough  end we discussed  aeronautical   radio  problems  in  England. They 

explained t o  me that   they  were  making  tes t   se t -ups  of   the   Lorenz  loca-  

l i ze r s  a t   va r ious   a i rpo r t s   t h rowhou t   Eng land ,   I r e l and ,   and   Sco t l and .  

They  had a l r eady   i n spec ted  40 d i f f e r e n t   a i r p o r t s  f o r  t h e i r   s u i t a b i l i t y  

a s   l o c a l i z e r   s i t e s   a n d  had checked  each  one of t h e s e   w i t h  an a i r p l a n e   I n  

o rde r   t o   p rede te rmine  if the  equipnents   could be in s t a l l ed   w i thou t   mu l t ip l e  

courses .  The g roup   t ha t  was ass igned  t o  t h i s  problem  consisted of n i n e  

men inc lud ing   an   a i rp l ane   p i lo t  and e i&t   r ad io   eng inee r s .  It took  ap-  

proximately  one week t o   t h o m u @ h l y   i n v e s t i g a t e   e a c h   a i r p o r t  and  decide 

upon the   p rope r   l oca t ion  f o r  t h e   l o c a l i z e r .  They ment ioned   tha t   they  

were  only part way through  the  program,  which  indicated tha t  they  were 

i n s t a l l i n g   p o s s i b l y  60 o r  70 of t h e s e   L o r e n z   l o c a l i z e r   t r a n m i t t e r s ,  The 

p o l i c y  of t h e  Air Minis t ry  is t o   e s t a b l i s h   e x a c t   c o p i e s  of t h e  Lorenz 

equipment  throughout  Bigland so that low approaches and instrument   land-  

i n g s  may be mde   unde r  a l l  condi t ions  of  p o o r   v i s i b i l i t y  and low c e i l -  

i ngs .   Ac tua l ly   on ly  s i x  Lorenz  beacons mare purchased from C e m n y   a n d  

in s t a l l ed   i n   Zng land ;   t he   r ema in ing   t r ansmi t t e r s   a r e   cop ie s  of  t h e  

Lorenz  equipment  being  manufactured i n  England  by  the  Standard  Electrlo 

Company. 

On December 30, I v i s i t e d   t h e   S t a n d a r d   E l e c t r i c   p l a n t  a t  Now South- 

gate. Here I met bk. Strong,   the   ch ie f   engineer ,  and d iscussed  with h i m  

methods of cons t ruc t ion  of rad io   equipnent   and   a l so   po l ic ies  of t h e  

company wi th   r e spec t   t o   p roduc t ion  of various t ypes  of equipment. The 

genera l  scheme they  heve  adopted is t o  use the   pane l   t ype  of construc-  

t i o n  O f  m n y   u n i t s .   U t h o U g h  i t  c o s t s  more t o  produce   the   separa te   un i t s ,  

t he   eng inee r ing   cos t s  are less and t h e y   a r e   a s s u r e d  of more r e l i a b l e  
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appa ra tus ,   s ince  it is p o s s i b l e   t o  Lse the same u n i t s   i n  many d i f f e r e n t  

types  of t r ansmi t t e r s ,   e ach  of which has  been highly  developed and proved 

by long  experience t o  be r e l i a b l e .   I n   t h i s   c o n n e c t i o n ,  i t  i s  the   gene ra l  

no l i cy  of t h e  company t o  use t h e  same desi@ of component par ts   wherever  

possible   and  never   change  to   different  o r  newer types  of p a r t s   u n l e s s   t h e r e  

a r e  some very  good reasons.   Fmthermore,  new T a r t s   a r e   n o t   a c c e p t e d  U n t i l  

they  have  underEone  every  conceivable   tes t   to   Insure  sat isfactory  service.  

Ne d i scussed   i n s t rmen t   l and ing   a t   cons ide rab le   l eng th ,  and I learned  

tha t  they  are   working on t h e  problem f o r  m i l i t a r y   r e a s o n s .  A t  t he   p re sec t  

t ime,  they  are  manufaoturing a l a r g e  number of exact   copies  of the  Lorenz 

ultra-high  frequency  instrument  landing  systems  which are b e i n g   i n s t a l l e d  

a t  Over f o r t y   d i f f e r e n t   f i e l d s   i n   I r e l a n d ,   S c o t l a n d ,  and  England. They 

seemed q u i t e   i r k e d  by the   f ac t   t ha t   t hey   were   fo rced   t o   copy   t he  Lortnz 

design  which i s  inherent ly   tx>ens ive .  I saw some of t h e   c a s t i n g s  for 

t h i s  equipment  and they   were   the   typ ica l ly   mass ive  German design.  The 

en t i r e   f r ame ,   s ide ,   back ,  and t o p ,  i s  a s i n e l e   c a s t i n g ;   t h e   f r o n t   s h i e l d s  

a r e  made of separnte  machined castings. The cos t  o f  such   cons t ruc t ion  i s  

obviously  excessive.  

Nr. Earp,  development  engineer, showed Ipe a new 360-degree  radio 

compass,  which works on the   Bus ign ie s   ro t a t ing   p r inc ip l e ,   bu t  which has 

been  converted  to work with two f ixed  crossed  loops and a v e r t i c a l   a n -  

tenna wi th  e l e c t r i c a l l y   r o t a t e d   c a r d i o i d s  and   synchronous ly   ro ta ted   f ie ld  

i n   t h e  compass i n d i c a t o r .  The r e s u l t  i s  a p o i n t e r   t h a t   a u t o m a t i c a l l y  and 

oont inuous ly   ind ica tes   the   bear ing  of t h e   s t a t i o n   t o  which I t  is tuned. 

I n   r e s u l t  t h i s  i s  s i m i l a r   t o   t h e  Sperry-RCA  compass r ecen t ly   deve loped   i n  

the   Un i t ed   S t a t e s ,   bu t   t he   p r inc ip l e s   u sed   t o   ob ta in   t hese   r e su l t s   a r e  

e n t i r e l y   d i f f e r e n t .  Each loop  uses  a separate   modulator   tube and t h e s e  

tubes  must  be balanced. A simple  switch is  provided for balancing  each 
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n e l s  8s c o n t r a s t e d   t o   t h e  Simon doUblb-lOOp compss  which uses   s epa ra t e  

balanced  channels  throughout.   This compass should  prove  to  be a very 

va luab le   a id  t o  a i r   n a v i g a t i o n .  It is recommended t h a t  we purchase  one of 

t h e s e   u n i t s  fo r  tes t   and  comparison.  

P l ans  f o r  the  high-frequency Adcock system  which  the  Standard  Elec- 

t r i c  Company i s  developing  were  next   discussed.   Essent ia l ly ,   they  plan 

use  of t h e  same gene ra l  scheme as   adopted  by  the  Western  Electr ic  Company. 

The antennas will be H type  Adcocks,  each t o  be modulated a t  a d i f f e r e n t  

audio  frequency. The modula t ion   f requencies   a re  1500 and 2500 cyc le s  

respec t ive ly .   Af te r   de tec t ion   these   f requencies  are  fed  through  an I.F. 

ampl i f ie r ,   rede tec ted ,   ampl i f ied ,   and  made t o   o p e r a t e  a cathode  ray  tube.  

The t r a c e  i s  a l i n e  w h i c h   i n d i c a t e s   t h e   d i r e c t i o n  of  t h e   a i r c r a f t  from t h e  

r e c e i v i n g   s t a t i o n .  The f ixed  sense  antenna is of cour se   necessa ry   t o   e l imi -  

n a t e   q b i g u i t y   e f f e c t s .  I t  is a r ranged   t o   ope ra t e   au tomat i ca l ly .  

I made a genera l   inspeot ion  of a l l   r a d i o  equipment  being  manufactured 

i n   t h e   p l a n t .  The execution o f  t h e   m e c h a n i c a l   i d e a s   i n   a l l   t h e   a p p a r a t u s  

I saw was cons ide red   t o  be exce l l en t .  

The e n t i r e   p l a n t  of t h e   B r i t i s h   E r o a d c a s t i n g  Company t e l e v i s i o n  

s t a t i o n  was next   inspected.  M.ong t h e   f e a t u r e s  viewed  were s t u d i o s ,  

camera  equipment,  sound  equipment, t r a n m i t t e r s   b o t h   v i d e o  and  sound, m o d -  

t o r  equipment, l ow level   amplifying  equipment ,   t ransmission  l ines ,   and 

antennas.  The r e s u l t s   o b t a i n e d   w i t h  this equipment are p robab ly   t he   bes t  

i n   t h e  world. P r o ~ a m s  a re   t r ansmi t t ed   tw ice  a day:  one  hour i n   t h e  

a f te rnoon and two hours  i n   t he   even ing .  The v ideo   car r ie r   f requency  is  45 

megacycles.  Sidebands  cover  from 42 t o  48 megacycles;   voice i s  t r a n m i t t e d  

on 41.5 megacycles. The t o t a l  band wldth i s  6.5 megacycles.  Average 
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coverage is a 50-mile r a d i u s ,   a l t h o u g h   t h e r e   a r e  many l i s t e n e r s  Up t o  100 

miles and a few a s  far a s  200 miles. The t o t a l  number of  l i n e s  is  a c t u a l l y  

385, a l though  the  number a v a i l a b l e  i s  460. SyncbtOniziIQZ pu l ses  me up 

some of t h e   a v a i l a b l e   l i n e s .  The s i z e  o f   t h e   p i c t u r e s   i n  most cases  was 

about 7 inches  by 10 inches   and   t he   de t a l1  was amazing. One of  t h e  most 

i n t e r e s t i n g   t h i n g s  I learned  was t h e  f a c t  t h a t   t e l e v i s i o n  signals could  be 

t ransmi t ted   over  t’m miles of te lephone  ceble .  This fact   should  give  con-  

s ide rab le   impe tus   t o   t e l ev i s ion .   A l ready  a high  grade  cable  has  been  in- 

s t a l l e d   a r o u n d   t h e   c i t y  of London. A t  one   po in t   in  this ring, a repea te r  

i s  i n s t a l l e d  and any s i g n a l s   f e d  i n t o  t h e  r ing  a r e   c a r r i e d   o v e r  a high 

g rade   l i ne   d i r ec t   t o   t he   s tud io .   Th i s   a r r angemen t   enab le s  them t o   t i e   a t  

any   po in t   i n   t he  ring, which i s  broken  up a t  manholes  with  junction  boxes 

through  which  runs  standard  telephone  cable.   This means t h a t  programs m y  

be picked  up in any  par t  of t h e   c i t y   a n d   t r a n s f e r r e d   t o   t h e   t e l e v i s i o n  

t r a n s m i t t e r  by neans of both  s tandard  te lephone  cable   and  special   h igh  f re-  

quency  cable. It w8s v e r y   i n t e r e s t i n g   t o   n o t e  that t h e  amount of l i p h t  now 

requi red   on   the   subjec t   be ing   te lcp ised  is only 8 t o  10  foot  candles  which 

means t h a t  t h e   s u b j e c t s  no longe r   ob jec t   t o   be ing   t e l ev i sed   on   t ha t   accoun t .  

This  is i n   c o n t r a s t  t o  some of t h e  work i n  America  where  1000 foo t  Candle6 

have   boen   used   on   the   subjec ts   to   the i r  @-oat discorrfor t  due t o   o v e r h e a t -  

ing. The t e c h n i c a l   f e a t u r e s   i n   t e l e v i s i o n  have  been  highly  doveloped i n  

England  and a r e   c o n s i d e r e d   t o   b e   s u i t a b l e  f o r  pub l i c   s e rv i ce .  

The major  question now conf ron t ing   t e l ev i s ion  i s  n o t   t h e   t e c h n i c a l  

d i f f i c u l t i e s ,   b u t   t h e  economic cons idera t ions .  The cos t  of ope ra t ing  one 

o f   t h e s e   s t a t i o n s  i s  tremendous as compared t o  a t y p i c a l   b r o a d c a s t   s t a t i o n .  

An i n d i c a t i o n  o f  t h i s   c o s t  may be  obtained f r n m  t h e   f a c t  that t h e r e   a r e  

110 rad io   engineers  on the   pay ro l l   o f  t h i s  o n e   t e l e v i s i o n   s t a t i o n .  In v i e w  
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of t h e  economic f ac to r s   t hus   i nvo lved ,  it i s  b e l i e v e d   t h a t   t e l e v i s i o n  will 

not  come a s   r a p i d l y  as t h e   i n d u s t r y  and the   Fede ra l  Communications Corn- 

mission would l ead   one   t o   be l i eve .  In s h o r t ,  I am of  t h e  f i r m  opinion 

t h a t   e n t i r e l y   t o o  many frequencies   have  been  set   as ide fo r  t e l e v i s i o n ,  

f requencies  which could  be  used more proper ly  f o r  ae ronau t i ca l ,   and   o the r  

l e g i t i m a t e  commercial s e rv i ces .  

On December 1, I v i s i t e d  Dr. T. L. E c k e r s l e y   a t   t h e  ILarconi Company 

i n  Chelmsford,  England. Dr. Eckersley i s  in   cha rge  of a l l  fundamental 

research   dea l ing   wi th   the   p ropagat ion  of r a d i o  wavea. He pointed  out  

t h a t   w l t h   r e s p e c t   t o   t r a n s m i s s i o n  on u l t ra -h igh   f requencies ,   hor izonta l  

p o l a r i z a t i o n  may o r  may not  be as  good,   bu t   never   be t te r   than   ver t ica l  

po la r i za t ion .  However, i f  n o i s e  i s  present  a t  the   r eoe iv ing   l oca t ion ,  

t hen  i t  i s  poss ib l e  f o r  t h e   h o r i z o n t a l   p o l a r i z a t i o n  tc give  a b e t t e r   s i g -  

n a l   t o   n o i s e   r a t i o .  Be a l so   po in t ed   ou t  t h a t  an   u l t ra -h igh   f requency  wave 

will not   fo l low  normal   l ine-of -s i te  laws of  p ropaga t ion   un le s s   t he   s tmigh t  

l i n e  drawn  between t h e   t r a n s m i t t i n g  and rece iv ing   an tennas   misses   the  

h ighes t   po in t  of  i n t e rven ing   ea r th  by a t   l ea s t   s eve ra l   wave leng ths .  

Cne of  the  major  problems  which  they  had  encountered was t h e   e f f e c t s  

of v a r i a b l e   r e f r a c t i o n   c a u s e d  by va r i ab le   con ten t  and d i s t r i b u t i o n  of 

water   vapor   in   the  lower atmosphere.  These  effects  have  been  observed on 

a l l  f requencies;   however ,   they become more apparent   as   f requency i s  in- 

creased.  This app l i e s   pa r t i cu la r ly   t o   f r equenc ie s   be tween  10 and 50 cms. 

f o r  which c i r c d i t s  have  been i n s t a l l e d   a n d   f o u n d   t o   g i v e   e x c e l l e n t   s e r v i c e  

f o r  s e v e r a l  monthcr an8  then f o r  no apparent   reason all signals disappear  and 

the   c i r cu i t   becones   wor th l e s s  f o r  two o r  t h r e e  months. Sometimes t h e  c i r -  

cu i t  i s  good i n  t h e  summertime end poor in t he   w in te r  and a t   o t h e r  timee 

t h e   r e v e r s e  i s  t r u e .  With r e g a r d   t o   t h e   r e l i a b i l i t y  of signals i n  t h e  60 
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t o  65 negacycle band  below l i n e  of s i g h t ,   t h e i r   e x p e r i e n c e   i n d i c a t e s  that 

if Suf f i c i en t  power i s  used t o   g e t  a good i n i t i a l   a v e r a g e   f i e l d   s t r e n g t h ,  

t h e   c i r c u i t   c a n   b e   c o n s i d e r e d   r e l i a b l e   f o r   b e t t e r   t h a n  99.9 per   cen t  of 

t h e  time. They experience a few  extremely  deep  fades  of  only a f r a c t i o n  

o f  a second in   l eng th   t h roughou t   t he   yea r .  This confirms o u r  experience 

on the   u l t r a -h igh   f r equency   c l r cu i t  between  Baltimore  and Washington. 

Another  general   statement of considerable   importance made by Dr. 
Eckersley was that the  h i g h n   t h e   f r e q u e n c y   t h e  more i m p r t a n t  i t  i s  t o  

o b t a i n  a s i t e   c l e a r  of l o c a l   o b j e c t s   s u c h   a s   t r e e s ,   b u i l d i n g s ,  h i l l s ,  and 

d i s c o n t i n u i t i e s   i n   t h e  ground. This appl ies   to   any  problem  where  direc-  

t i o n a l  p a t t e r n s   a r e   r e q u i r e d   f o r   e i t h e r   t r a n s m i s s i o n  o r  recept ion  such as 

r ad io   r anges ,   onn id i r ec t iona l   r ad io   r anges ,  and  ground d i r e c t i o n   f i n d e r s .  

Before  leaving  Cheh8ford ;;e v i s i t e d   t h e  development s t a t i o n   & i c h  

cons is ted  o f  several   hundred  acres  of f l a t  ground. Here I saw t h r e o   d i f -  

f e r e n t   t y p e s  of d i r e c t i o n   f i n d e r s   a l l   s e p a r a t e d  f r o m  one   another   to   avoid  

i n t e r a c t i o n .  One was a n  H-type  long-wave d i r e c t i o n   f i n d e r  which they  were 

i n v e s t i g a t i n g .  This work has been  prompted  by t h e   f a c t  that tha U type 

antennas  which  they  have  been  manufacturing f o r  y e a r s   a r e   n o t   s u c c e s s f u l  

when loca ted  where ground c o n d i t i o n s   a r e  non-uniform o r  where  ground Con- 

d i t i o n s   a r e   p o o r .  

The nex t   d i r ec t ion   f i nde r  we saw a U t y p e   i d e n t i c a l  t o  the  one 

i n s t a l l e d   i n   I r e l a n d  and  Newfoundland  by Karconi   for   t ransoceanic   service.  

The system  consis ted of four  s t e e l  masts each  approximately 3!5 f e e t  in 

height  and  spaced  approldmately 25 f e e t  between  diagonally  opposite 

antennas.  A ver t i ca l   s ense   an tenna  was suspended  from a po in t   a t   t he   cen -  

ter  of the  arrangement.  The equipment vas l o c a t e d   i n  a wooden b u i l d i w  

which was e l e c t r i c a l l y   s c r e e n e d   i n s i d e .  The feeders   f rom  the   aer ia l s   were  
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buried six feet  and  converged a t  the   bu i ld ing  i n  t h e   c e n t e r  of  t h e   p l o t  

where  they were brought up ve r t i ca l ly   t h rough   t he   cen te r  of the f l o o r  t o  

the  goniometer unit. The remaining  equipment was of convent iona l   na ture .  

The frequency  range of t h i s  equipment was approximately 5 t o  20 nega- 

cyc le s .  

The t h i r d   d i r e c t i o n   f i n d e r   c o n s i s t e d  of two spaced  loops mounted  on 

a wooden t u r n - t a b l e  framework. The p lane  of each  loop was p a r a l l e l  to 

t h e   o t h e r  and  separated by appmxlmately 40 f e e t .  Fach a n t e m a  con- 

s i s t e d  of a s i n g l e   t u r n   s h i e l d e d   l o o p   c o n n e c t e d   t o   t h e   r e c e i v e r   a t   t h e  

cen te r  of  t h e   t u r n t a b l e  by meane of shielded  balanced two-wire l i n e s .  

03jxJsite  loopa  were  connected in opposite  phase so t h a t  when i n  the   p lane  

Of propagat ion and  each  equidistant f r o m  the   source  of  t ransmiss ion ,   the  

phase  and  amplitude of the   rece ived   s igna l  would b e  such   tha t   abso lu te  

c a n o e l l a t i o n   i n   t h e   o u t p u t  would occur.  The outs tanding   feq tures  of this 

equipment a r e   t h a t  no   n ight   e f fec t  i s  obtained and accura te   bear ings  may 

be  obtained  with twc loop   an tennas   us ing  t h i s  pr inciple .   Another  very 

i n t e r e s t i n g   a p p l i c a t i o n   o f   t h i s  equipment i s  t o  determine  the  angle  of  

a r r i v a l  of waves r e f l e c t e d  f r o m  t h e  I1e;viside l a y e r .  TLis i s  done by 

r o t a t i n g   t h e   t u r n t a b l e  90 degrees  t o  t h e   p o s i t i o n  where t h e  null signal i s  

observed  and  determining  the  phase dif ference  r equ i r ed   i n   one   t r ansmlss ion  

l i n e   t o   g i v e  a n u l l .  Knowing the  f requency,   the  physicel   d is tance  between 

the  :lane of t he   l oops , and   t he   phase   d i f f e rence   i n  one l i n e  t o  g ive  B n u l l ,  

t he   ang le  of a r r i v a l  may be ca lcu la t ed .  O n  one  occasion,   s imultaneously 

measurenents  were  taken  on  the  height of the  Hcavis ide layer and knowlng 

the   ang le  of a r r i v a l  and the   bea r ing  of t h e  unknown s t a t i o n ,  it was pos- 

s i b l e  t o   de t e rmine   t he   pos i t i on  of t h e   t r a n s m i t t i n g   s t a t i o n  which  happened 

t o  be  wlthin 20 k i lometers  of   Euriah,  Gucany.  This m s  l a t e r   v e r i f i e d .  
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Although  such   resu l t s   appear   op t imis t ic ,  it does   i nd ica t e  what  can  be 

accomplished  under  favorable  conditions  with  adequate  equipment.  This 

equipment i s  s a i d   t o  be so accura te  that bearings  Fay  be  taken  which  are  

co r rec t   t o   w i th in   one - t en th  of a degree. It has  been  used t o   c o n f i r m   t h e  

b e l i e f   t h a t  signals do not   a lways   fo l low  the   g rea t   c i rc le   pa th ,   bu t   under  

some condi t ions may deviate   therefrom by a s  much as plus  o r  minus 2 degrees.  

Inasmuch as t h i s   h a s  now been shown t o   b e  a f a c t ,  i t  i n d i c a t e s   t h a t   t h e r e  

wi l l   a lways  be e r ro r s  o f   t h i s  order  on a l l   f r e q u e n c i e s   r e f l e c t e d  from t h e  

Heav i s ide   l aye r .   I n   o the r   words ,   t hese   d i f f i cu l t i e s   wh ich  are as soc ia t ed  

wi th   the   Hesvis ide   l ayer  are i n h e r e n t l y   p r o p a g a t i o n   c h a r a c t e r i s t i c s   i n -  

dependent of equipment  refinements. It is  qui te   poss ib le ,   however ,   tha t  

u l t ra -h igh   f requencies  will no t   exh ib i t   t hese   i nhe ren t   d i f f i cu l t i e s   p ro -  

v ided   suf f ic ien t ly   h igh   f requencies   a re   chosen   to   pene t ra te   the   Heavis ide  

l a y e r  and  never return t o   e a r t h .  

It i s  i n t e r e s t i n g   t o   n o t e   t h a t   o r i g i n a l l y   t h e   g r o u n d   s u r f a c e   u n d e r  

the  antenna  system was no t   l eve l   and ,   t he re fo re ,   ca l ib ra t ion  of t h e  com- 

pass was necessary .   Thereaf te r   the  ground was ve ry   ca re fu l ly   l eve l l ed  

o f f ,  r e s u l t i n g  i n  t h e   e l i n i n a t i o n  of c a l i b r a t i o n   d i f f i c u l t i e s .  

P robab ly   t he   !pea te s t   d i sadvan tage   i n   t he   p rac t i ca l   u se  of t h i s   s y s -  

tem i s  t h e   d i f f i c u l t y   i n   t a k i n g   n u l l   b e a r i n g s   s i n c e   t h e   e n t i r e   s t r u c t u r e  

inc lud ing   t he   an tennas   has   t o   phys i ca l ly   ro t a t e   i n   az imuth .   Th i s  i s  

obviously cunbersome  and slower than   ro t a t ing   on ly  a goniometer. 

An a p p l i c a t i o n  which would appear   to   have  considerable   meri t  would 

be for  a i r c r a f t   u s e  where fixed  loops  could  be mounted on each wing. 
The plana of  each  loop would be p a r a l l e l   t o   t h e   d i r e c t i o n  of f l i g h t  which 

would g i v e  a minimum eerodynamic drag. This  arrangement wu ld  permit 
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a i r c r a f t   t o   t a k e  accurate bea r ings   a t   n igh t  by swinging the  heading of 

t h e   a i r p l a n e  or t o  hone on a n y   s t a t i o n  at night   wl thout   exper ienc ing   the  

usual d i f f i c u l t y  due t o  swinging  bearings.  

On December 2 ,  I s a i l e d  from Southampton fo r  Mew York C i t y ,   a r r i v i n g  

on December 9.  


