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REPORT OF TESTS CONDUCTED 

w i t h   t h e  

PAN-MRICAN AIRNAYS  DIRECTION FIXDER AT AIAMEDA, CALIFOIUiIA 

In t roduc t ion  

This   repor t   descr ibes  a s e r i e s  of t e s t s   and   cbse rva t ions   on   t he  
Pan-American  Airways  &round d i r e c t i o n   f i n d e r   w h i c h  were r e c e n t l y  con- 

mar i ly  for the  purpose of determining  whether similar equipment  could 
cluded at Alameda, Cal i forn ia .  The i n v e s t i g a t i o n  was oonducted  pr i -  

be  used t o   o b t a i n   b e a r i n g s   o n   d o m e s t i o   a i r c r a f t   u t i l i z i n g   e x i s t i n g  
communication  frequencies in t h e  3000 and 6000 ko bands. The ope ra t ion  
of t h e   d i r e c t i o n   f i n d e r  j.n PAA se rv ice  vas a l s o   o b s e r v e d ,   s i n c e   t h e i r  
p rac t i ce   i nvo lves  features not  contemplated f o r  domestic  operation. 

Equipment 

The d i r e c t i o n   f i n d e r   i n s t a l l a t i o n  a t  Alameda w i l l  now bs descr ibed.  
I t  is b e l i e v e d   t y p i c a l  of tha t   adopted  by t h e  Pan-American  Airways  Sys- 
tem f o r  combined in te rmedia te   and   h igh   f requency   se rv ice  with t h e  excep- 
t i o n  of the  receiving  equipment  which is our ron t ly   be ing  modernized. 

aro also used by t h i s  ."many i n  f o r e i g n   c o u n t r i e s ,   b u t   d e t a i l s   a r e   n o t  
Ground d i r e c t i o n  f inders   working on   in te rmedia te   f requencies   exc lus ive ly  

ava i l ab le .  The d i r e c t i o n   f i n d e r  i s  loca ted  o n  a .sandy  beach  surrounded 
on t h r e o   s i d e s  by water .  The operator  and  receiving  equipment is housed 
i n  a woodsn bui ld ing   about  10 f e e t   h i g h  w i t h  a f l o o r  8 '  x 10' which is 
s i t u a t e d  near t he   cen te r  of  t h o  antenna system.  This  building,  the  an- 
tonna  supports ,  and two f l o o d l i g h t s  mounted a t  the  ground  level ,  are t h e  
only  s t ructures   appearing  above  ground  within a r a d i u s  o f  approximately 
1000 f e e t .  The f l o o d l i g h t s   a r e   e a e h  abou t  300 f e e t   f r o m t h e   c e n t o r  of 
the  antenna  system. The d i rec t ion   f indor   compr ises  t w o  antenna  systems, 

per iphory of  a c i r c l o .  Thesa circlcls   havo  radi i  of 40 f e e t   a n d  100 f e e t  
oach composed of  four v o r t i c a l  - t e r n s  disFosod symmetrically around  the 

and   t he i r   cen te r s  are displnced  about  3 fmt .  Dinmotors  passing  through 
d iugonal ly   oppos i to   an tennas  o f  t he   i nne r  end  outor  systoms are separa ted  
46 degreos.  Eaoh  antonnn  elcmont  consists of 1" brass   rod mounted on 
s tand-of f   insu la tors .  The support ing f r a m v o r k  is  formed  by oross arms 
extonding   behoon two t e lephono- type   po les   so t   in   ooncre te .  The rod I s  
i n  two soc t ions  w i t h  a smll aluminum box housing  coupling  oquipmunt 
i n s o r t o d   a t  t h o  center .  Tho overall length  of each  antenna is approx- 
imate ly  18 feot .  Unshio ldod   tmis tcd-pa i r   t rnnsmiss ion   l ines  run from 
t h e  antenna coupling  oquipmcnt t o  a p o l e   s i t u a t e d  a t  tho   cen te r  of t h e  
system  and from t ha t   po in t   a r e   l od   i n to   t ho   house .  The outor  antennn 
system is in tondsd   for  U ~ Q  a t  froquencios  botwoen 300 and 2000 kc  and 
t h e  inner f o r  frequencies  betweon 2000 and 6000 kc. Thc rccaiver  used 

frequency  amplif ior  s t ago  and  regonerat ivo  detoctor .  On t ho   i nne r  
on  thu  outer  systom i s  n PAA model DFR3 us ing  a b a h n c e d  tunod   r ad io  

system, an RCA AR-60s conmumication  typo  roceivcr is used.  Wansmission 
lines from each systom aro  brought t o  G goniomoter ,   dc tn i l s  of which 
aro n o t   a m i l a b l a .  I n  m k i n g  a bonr ing   obse rmt ion ,   t ho   r eoe ive r  is 
plaood in hoterodyno  operation,  and  thc goniomctor d i a l   r o t a t e d   t o  
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o b t a i n  a minimum. The opera tor  makes a number of t r i a l s   o v e r  a per iod  
of 2 o r  3 minutes,   recording  each o f  the  goniometer  readings a t  a p o i n t '  
e i t h e r   s i d e  o f  t h e  null or minimumwhere the   bea t   no te   ampl i tude   r i s e s  
t o  a convenient   level .  The a r i thne t i ca l   ave rage   o f  t hese  departures 
i s  t aken  as the   representa t iw  goniometer   read ing .  A c o r r e c t i o n  in  
t h i n   r e s u l t  i s  then  appl ied  f rom B c a l i b r a t i o n   c u r v e ,  and the t r u e   l i n e  
bear ing  i s  then ava i l ab le .  Tho d i r e c t i o n   f i n d o r  i s  ca l ib rc t ed   by  check- 

m i t t e r  on a large number o f  r a d i a l s  emanating from  the d i r e c t i o n  f inde r .  
i n g   t h e  goniometer s e t t i n g  a g a i n s t  tho a c t u a l  p o s i t i o n  of t( t c s t  trans- 

Curves a v a i l a b l e  a t  Alameda were made a t  1638,  2986,  and  5166  kc. In 
addi t ion,   another   check o n  t h e   o a l i b r a t i o n  i s  a f forded  by a f i x a d  t e s t  
t r a n s m i t t e r   s i t u a t e d  i n  the   adminis t ra t ion   bu i ld ing   about  1 mile  from 
t h o   d i r o c t i o n   f i n d e r   s i t c .  

Tests  

The major i ty   o f   t he   obse rva t ions  on domes t i c   a i r l i ne   ope ra t ion  
were made on 3147.5,  3182.5, 5122.6, and  6592.5 ko u s i n g   b o t h   a i r c r n f t  
and  ground  stations.  As pointed  out   above,   considerrblo  t ime is  re- 
qu i r ed   t o   ob ta in   t he   bea r ing ,   and  it m s  usual ly   imposs ib lo   to  do so  

most  of t h e   r e s u l t s   o b t a i n e d  in  t h i s   p h s o  of  t h e  wcrk m r e  o n   t e s t  
i n   t ho   t ime   cccup iod  by rou t ine  alrlino comunicctions.   Consoquently,  

t ransmiss ions   l as t ing   about  onu minute  during  which  thc  cnrrier was 

accurcoy,   but  v i s  the m i m u m  permissible   bccausc  of   tho domnnd f o r  
l e f t  "on."  This i n t e r v a l v a s   n o t   c o n s i d e r e d   s u f f i c i e n t   f o r   g r o a t o s t  

tho   ohannel   by   o thor   s ta t ions .  A l o g  of t ho   t o s t s   ccnduc tcd  i s  a t t ached  
t o  t h i s   r o p o r t .  Tho c r r o r  shown r c p r c s c n t s   t h e   d i f f e r e n c e  bctweon t h e  
bowing  ind ica ted   by   tho   d i rec t ion   f inder  and thct dotorminod  from n 
m o r t  ccnformcl   p ro jec t ion  map. Figures  1, 2 ,  and 3 show t h e   r e l a t i o n  
botweon tho   bear ing  orror  c n d   d i s t a n c c   t o   t h e   t r a n s m i t t i n g   s t a t i o n  i n  

an   obso rva t ion ,   t he   po in t s   i nd ica t ing  t h e  cx ten t   o f  t h e  s h i f t   e r e   j o i n e d  
each   obsormt ion .  In cmcs   where   t ho   bea r ing   i nd icp t ion   sh i f t ed   du r ing  

by l i n e s .  

rou t ine   t r ans -Pac i f i c   f l i gh t ,   d i r ec t ion   f i ndor   bonr ings  and p o s i t i o n s  
or "fixes"  obtcinud by cc lcs t iu l   observut icns   were   logged   toge ther   wi th  
o the r   pe r t inen t   i n fo rma t ion ,  A copy  of t he   l og  o f  one c l i p p o r   f l i g h t  
i s  a t t w h e d   t o   t h i s   r o p o r t .  So f m  as could  be  lenrned,  transmission 

encountercd  to   dcto.   Al though  threo  f roqucncics  cre a v n i l c b l o   f o r  
condi t ions as r c l o t e d   t o   b e c r i n g   r e s u l t s  wore roprcscnta t ive   o f   those  

d i r e c t i o n   f i n d o r  work, 1638,  2986,  and  5165  kc,  only 1631? and  5165 were 
used on t h i s   f l i g h t .   S i n c e  ground or su r face   " f ix"   po in t s  n r o  not  a v u i l -  

p o i n t s  i n  de termining   the   vo lucs  o f  orror  shown on the  log.  Two a i r c r a f t  
able, ce l e s t i c l   nav igc , t i on   " f ixes"  wero G r b i t r a r i l y   t s k o n  as re ference  

e9tcnnc.s nre mentioned i n   t h e  log; t h o   t r s i l i n g   c n t o n n n   i s   o f  t h o  qua r t e r -  
wnmlcng th   ru t r ac t ab lo  type, cad  the  f ixed  nntonna i s  t h e  "L" typo  about 
30 fco t   overa l l ,   wi th   the   hor ieontc l   por t ion   account ing   for   approximate ly  
20 f e e t .  

I n   o b s e r v i q   r o s u l t s   o b t n i n e d   b y  Pnn-American  Airways during a 
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Discussion 

Essen t i a l ly ,  th is  direct ion  f inder   comprises   the  e lements  of t he  
Adoock system. The only  refinements  added are t h e  goniome t a r  and  the 
combination of two a n t e n n a   a r r a y s   s i m i l a r   i n   d e s i g n   b u t   d i f f e r i n g   i n  
the   spac ing  of the  antenna  elements. The use  of n goniometer i s  es- 

v e s t i g a t i o n  has i n d i c a t e d   t h a t  several f requencies ,   ra ther   wide ly  
s e n t i a l  if manual  operation  using a u r d  i n d i c a t i o n  i s  des i red .  In- 

sepa ra t ed ,mus t   be   awi l ab le  i f  dependable  and  reasonably  accurate  re- 

t i m u m  m l u e   o f  antenna spac ing   ob ta ins .   For   the   f requencies   se lec tad  ' 

s u l t s  a r e  to be  achieved. In t h i s   t y p e   o f   d i r e c t i o n   f i n d e r ,  an op- 

f o r  t h i s   s y s t e m  twc a r r a y s  hnve  bean  adopted. 

k v i g a t i o n a l   r c q u i r e m o n t s  of Pan-American  Airways d i f f e r  con- 

of t h i s   d i r e c t i o n   f i n d o r  to airways serving domos t i c   a i r l i nos ,  8ev: 
sidernbly  f rom  thone  of   domest ic   a i r l ines .  In contemplating  adoption 

era1 improvements and nddi t ionul   fea turus  suggest thomsolvos .   F i r s t ,  
it would SQOm dos i rab lo   to   ob ta in   bonr ings   which  ham no 180° am- 
biguity.  Second,  because of r e s t r i c t i o n s  on time  avc.ilablc for k a n a -  
mission,  automatic  bonring  Fndication would  bo advisablo.  Tho problom 
of manning tho   d i rec t ion   f indor   would  a l so  r e q u i r e   t h i s  featuro,  in- 
asmuch as t h o   d i r o c t i o n   f i n d o r  i s  contozplntod  only a8 an a u x i l i a r y  
f a c i l i t y .  The t h i r d   p o i n t  i s  t h a t   o f  improvement i n  the dos ign  of  
t h e   e x i s t i n g  equipnlont. I t  i s  bolioved that the   ho r i zon ta l  componont 
response i s  excessive nnd could be reduced  by improving tho   t rcns-  
mission l ines.  Domestic a i r l i n o s  would n o t  have c.vr,flnble a frequency 
cor responding   to   tho  1638 kc channel u t i l i z o d   b y  Pnn-Amcrican  Airways. 
Obsorva t ions   ind ica to   tha t ,   l ack ing   th i s   f raquency ,  an improvoment i n  
tho  performnnce on f roquonc ie s   i n  +ho 3000 and 6000 kc  bands  would 
by  nocossary. 

Conclusions 

I t  i s  f e l t   t h o t   t h e   p d r f o m - a c o   o f   t h o   d i r o c t i o n   f i n d o r   c a n   b e  gauged 
q u i t e   c l o s o l y   f r o m t h o   r o s u i t s   o f   t h o   t c s t s  and  observat ions  a l roady do- 

a ided in f o r m u l a t i n g   i d e a   r o k t i n g   t o   t h o   f e a s i b i l i t y   o f   c d o p t i n g   t h e  
scribod.  Obscrvation  of  rosults  obtr . inad i n  Fan-Americm Airways  scrvice 

d i r e c t i o n   f i n d e r  n8 an a u x i l i c r y   a i d  on domust ic   rou tcs .   In   p rosont ing  

P.ccordingly. t h o  following  cssumptions will bo mdo:  
conclusions,   tho  l imitat ions  montionod i n  tho   d i scuss ion  must be oonsidorod. 

(1) Remarks pcr tn in ing   to   bear ing   accuracy  nnd s t a b i l i t y  

A i m . y s   s y s t e m   i n  i t s  p r c s a n t   s t a t o  of dewlopmont. 
are bcsed on r L s u l t s  obtainable  from the  !nn-hor ican  

( 2 )  Oporrtion would bo confined t o  ox is t ing   aoronnut icn l  
froquoncies i n  tho  so-onllcd  day  and  night  froquonoy 
bands. 

( 3 )  Tho system would  be  usod  only i n  omorgoncios. 
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There a r e ,  t hen ,   t he  following o b j e c t i o n s   t o   a d o p t i a n  of t h e  system: 

Although  the  average  error   observed was of t h e  order 
of 10  degrees ,   in  several c a s e s   e r r o r s  of t he   o rde r  
of  60 degrees  appear,  and wlues  of  20  degrees  were 

G r e a t e r   s h i f t s   i n   b e a r i n g s   o n  ground s ta t ions   were  
c o m n .  These figore8  apply t o   a i r p l a n e   t r a n s m i s s i o n s .  

observes. 

During  approximately 10 per   cen t  o f  the  t ime,  no 
bear ing  indioat ion  could  be  obtained  a l though  the 
signal s t r e n g t h  was s a t i s f a c t o r y   a n d  no i n t e r -  
f e rence  wa16 noted. 

An operator  would  be  required a t  t h e   d i r e c t i o n   f i n d e r  
when it was being  used.   Since  the  direct ion  f inder  
must b e   s i t u a t e d  some dis tance  f rom  the  operat ing 
headquarters  a t  a n   a i r p o r t ,   t h e r e  mould  be a d i f f i c u l t  
personnel  problem  involved. 

a t  i n t e r v a l s  of about  two months. This invo lves   t he  
I t  would be  necessary to c a l i b r a t e   e a c h  ins ta l la t ion  

and  about two days'   t ime.  In t h e  i n t e r v a l  between 
se rv ices  o f  two s k i l l e d  men, mobile t e s t  equipment, 

c a l i b r a t i o n s ,  it would  be d i f f i c u l t   t o   a p p l y   c o r -  
r e c t i o n  f o r  any  error   which may be observod  or re- 
ported.  

I t  would  bo  nocessary t o   c o n f i n o  the  opera t ion   of   the  

a i r c r a f t - t o - g r o u n d   c o m i c a t i o n s  would  be  disrupted. 
d i rec t ion   f inder   to   emergcncies ,   o thorwise   ex is t ing  

d i rec t ion   f inder   in ta rmi t ton t ly .   Cont inued  use of 
Certain  advantages  would  be  lost  in  opera t ing  this 

the   sys tem i n  rout inc   opera t ion   provides  B c l o s e r  
check  on  the  cal ibrat ion.  

Although  not   mndetory,  it i s  f e l t  that the   p rocess  
of detormining  the  posi t ion  of  an a i r c r a f t   c o u l d  
be   ma to r i a l ly   fnc i l i t a tod  i f  u n i l a t e r a l   r a t h e r  than 
l ine  bonrings  were  indicated by t h e   d i r e c t i o n   f i n d e r .  

I t  i s  concoivablo   tha t   ob jec t ions  numborod ( 3 ) ,  (4). end ( 5 )  might  be 

anco. However, tho   po in ts  numbercd (1) nnd ( 2 )  arc   de te rmining   fac tors .  
circumvontud,  and  those numborod ( 6 )  and ( 7 )  a r e   n o t   o f  major import- 

t h n t  thc  I an -Amxican   A imys   sys t em would bo u n s s t i s f e c t o r y  f o r  adopt ion 
Consequently i n  v i m  of t h e   f i n d i n g s  R S  prosentod  above, it is concluded 

by  the  Authori ty .  

Associate  Airways Enginoer (Radio) 
A. E. Eiarrison 

AEH: jam 
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Page 23 
Log of ground  radio  direotion finder bearings 
supplied  Phillipine Clipper, trip 249, West- , 
bound Alameda to Honolulu,  November 16, 1938. I 

’ ,  , 
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249.5 

263.0 

247.0 

252 

--- 
245.5 

--_ 
246.5 

-_- 
249 

- -- 
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--- 
248.5 

--- 
250.5 

--- 
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1638 

5165 

1638 

5165 

1638 

5165 

1638 

5166 

1638 

5165 

1638 

5165 

1638 

5165 

1638 

5165 

1638 

5165 

2330 

2336 

234 5 

2393 

0020 

002 5 

0050 

0055 

0130 

0136 

0150 

0156 

0230 

0235 

02 50 

0255 

0315 

0320 

80 

80 

140 

140 
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190 

230 

230 

290 

290 

3 50 

3 50 

4’70 

4’70 

550 

550 

710 

710 

Remarks 

Fixed  antenna 

Fixed  antenna 

No minimum;  strong  signal 

Bearing  reported as approx. 
aocount  indefinite  minimum 

No minimum - Good  signal 
Clipper  reported  sunsot 

No minimum - Good signal 

No minimum - Good signal 

No minimum - Good  signal 

No minimum - Good signal 

Bo minimum - Godd signal 
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250 

--- 
2 52 

263.5 

--- 
264.5 

251.5 

254 
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-1 

1.5 
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1638 

5165 

1638 

5165 

5165 

1638 

5165 

1638 

163G 

1638 

5165 

5165 

1638 

1638 

1638 

0400 

042  5 

0430 

-- 
0455 

Hono. 

Ala. 

0600 

0530 Hono. 

0550 Ala, 

0600 Hono. 

0743 Ala. 

0746 1.h. 

0750 Ala. 

0817 Ala. 

0851 A h .  

I1 

Renarks 

i o  M i n i m u m  - F a i r  S i g n a l  

signal weak 

io Minimum - Fa i r   S igna l  

Signal weak 

90 Minimum - Signal readable 

Signal weak 

h a i l i n g   a n t e n n a  

Signal woak 

3ignal we& 

Signal barc ly  roadable. 
'.t t h i s  time, bearing ob- 
servat ions  disoont inued 
It Blnmeda. 

5165 kc  transmissions on f i x e d  antenna,  and 1638 ko t ransmissions on - 
t r a i l i n g   m t c m n   o x c e p t w h e F e   o t h e r w i s e  noted. 
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