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October 2 8 ,  1938. 

T h i s   r e p o r t   d e s c r i b e s   a n   i n v e s t i p a t i o n  made n t  the  request   of  

t h e  Airxays Engineering  Division  for  the  purpose  of  acc.m.ulatiny 

su f f i c i en t   i n fo rma t ion  t o  permit  the  atove  comparison t o  be drawn. 

E E a r i n g  obse rva t ions   were   conf ined   t o   t he   f r equenc je s   i n   t he  200-4@0 

k i l o c y c l e  band us ing  radio r2ni.e s t a t i o n s   o p e r a t e d  by t h e   C i v i l  Aero- 

nau t j~cs   Au thor i ty .  The receivlng  equipnext  coclprised a Loon antenna 

end r e c e i ~ a e r  mounted in   an  automobile  ,which was t a k e n   t o   v a r i o u s  

l o c a t i o n s  betweei!  H;chr!ond, Va., and  IiarTisburp, Pa. Pear inps  irjere 

taken on t h e   r a d i o  ren&es a t  Richmond, Va. ( Z E 3  k c ) ,  Wasshini.ton, 

D .  C .  (332 k c ) ,   H a r r i s h r g ,  Pa. (242  k c ) ,  and  Gordonsville,  Va. (347 k c ) .  

R i c k o n d  ard iEissP.in&tm had 1001) xl tennas  and t h e   o t h e r   s t a t i o n s  had 

ver t i ca l   an t ennas .  The p r o c e d u r e   f o l l o w e d   i n   t h e s e   t e s t s   c o n s i s t e d  

in   obse rv ing   t he   chanses   i n   t he   ben r inp  on a s i p r ~ l ~  froin the   r anees  

over a per iod of about 15 minutes   a t   each  of t h e   s e v e r a l   p o i n t s  

nzmed below. A s  t he   he? , r ing   sh i f t ed ,   t he  l o o p  Pntenna VJ*S nanual1.y 

r e C i q n e d  and t h e  anyular   d i f fe rence   2o ted .  An e f f o r t  was node t o  

supplenent   these   observa t ions   wi th  others made u ~ t i l i z i n g   a u t o m a t i c  

bearing  recording  equipment h i l t  by t h e   S i p a l  Corps A i r c r a f t  Radio 

Laboratory a t  Nr igh t   F i e ld .  A t r i p  was m d e   t o  Wright  Field vinere it 

was discovered t h a t  the  equipment had n o t  been  used f o r  n t o u t  two  

years .  It had t e e n  partially d i s m r t l e d  2nd would r e q u i r e   t h e  work of  
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two men for abol;t  one week t o  recommission i t .  Furtherrrore ,   the  

equipll,ent ,>[as d e s i p e d  t o  use  n tuned  r?dio  frequency  radio  compass 

which was thouyht t o  be inadequa te   fo r   t he   t e s t s   con templa t ed .  In 

o r d w  t o   i n c o r p o r a t e  L? new type  superheterodyne  compass ,   addi t ions1 

time  and work would have been required.   Edcause of t h e   f a c t   t h a t  t h i s  

a p p x r a t u s  was cons t ruc ted  on a n  exper imenta l   bas i s  and n o t  designed 

for m o b i l i t y ,   t e s t s   x a d e   w i t h  it would h v e  been of doubt fu l  value. 

Rather than spend t i m e   w i t h   t h i s   e q u i p m n t ,  i t  w9s f e l t   t h a t  a 

great-r adoantage would be a t t a i n e d  by mzking a d d i t i o n a l   o h s r r v a t i o n s  

with  the  xanuel ly   operated  loop  equipment .   Nevertheless ,  i f  it i s  

b e l i e v e d   t h a t  bea~;-ing  observations  should be mzde u t i l i z i n g  an auto-  

*.,?. l l ,d t ica l ly   opsra ted   loop   Zntenn- ,  it i s  recommended t h a t  nore s u i t z b l e  

c o ~ ~ l e r c i n l l y - a v h i l a b l ~  equipment be er.ployed. The Sperry-RCA auto-  

ma t i c   d i r ec t ion   f i nde r   r ecen t ly   demons t r a t ed  xould be  achl i rebly  sui ted 

f-or t h i s  work. It could  ba  used  either  on the Eround or i n   a n   a i r -  

place. R e a r i n 5   s h i f t  could be re7.d on the   az imuth   sca le  o r  a cont in-  

uous  recorder  could bc f i t t s d   t o  the  o p n ? . r a t u s ,  znd 7. p r i n t e d  rccord  

of the  benring  swing  obtzincd.  

n l h t  obs;rwtions  recorded  below were nade ,?t nig ,h t t ine   s ince  

bea r ings   t akm  du? ing   t he  day wsr.: qu i t e   s t eady .  The amplitude of  

t h z   b e m i n g  s h i f t  o b s e r v d  a t   v a r i o u s   l o c a t i o n s  and t h e  d i s t a n c e  t o  

thl: t r a n s m i t t i n g   s t a t i o n  a r e  t a b u l a t e d  below. 
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- 4 miles nmth  Ahbotts town,  Ma. 
Harr i sburg  338.0 
Waskington 40.0 
Gordonsville 1 .o 
Riclmond l~nreadablc  

Gordonsvillo and E a r r i s b u r g   h a v e   v e r t i c a l   r a i i a f o r s ,  and l o o p  m t c n n a s  
s r e  us id  a t  Richmond and  Washington. 

From t h i s   d a t a ,   t h e   c u r v e s  of yig. 1 wers p l o t t e d  showin? t h e  

r e l a t l o n  between t h e  bearing s h i f t  and t h G  d i s t a n c e  from t h s   o b s f ~ . r -  

v a t i o n   > o i n t   t o   t h e   t r ? n s m i t t i n g  s t a t i m .  Onl; curve r q r . i s e n t s  

ob re rva t ionn   on   t r enmi t t i ng   s t a t lo r i s   wq loy ing   v i - r t i ca l   en t ennas  and 

t h e  dthzr   comprises  obs- rvn ' ; iocs  m s t a t i o n s  cs ing  loop 2:ltcnnas. I t  

i s  +v;d.;nt t h a t ,  Gnder r i i rh t t ine   condi t j  ons, such 2ore  sa t . i s f ac to ry  

r%sults will be obt-iinud if s t o t i o o s  hnr.ing v , x t i c a l   - n t - ; n n a s  are 

selected. Two f ' ac tors  *re r e s p o n s i b l e  f o r  t h i s   s i t u a t i o n :   a t   a n y  

g ive3  distant,?, the   ex ten t  of the  bezr ing  swing i s  l e s s ,   a n d   t h e   r e d i u s  

o f  th: a r e s   i n  which no b e x i n g  i l r ro r  or i n s t e . b i l i t y  will t e  noted i s  

twicc t k t  surrounding loo? e n t e n r e   s t a t i o n s .  

1- ? i s c c s s i o n  of t h e   l i m i t a t t o n s   a p p l y i n g  t o  thc  above  conclu- 

sion: fallows. The oksdrvatioris Tr:erc xn:-.dc o v i r  :', conpzrativ:?ly s h o r t  

pzrioci. S i x e  the   condi t ions   in   thc   ionosyhcru  s.rc cJntinua11y  chmg- 

in?,, it might be wgued  t h n t  r f : su l t s ,  i n  o r d e r  t o  b e  coccli!sive,  

shou ld  h t  based  on  observations  tnken over a ruth longer per iod .  Ilow- 

ever, t i le  bearing sidfts observed~ were nlaie '.m s igna ls   t rave1l .w 
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m r i o u s   t r a n s m i s s i o n  piat'r-s  pnd the  rpsults t k u s  ob ta ined   on   d i f f e ren t  

days v;ere sufficiently c o n s i s t e n t  t o  permit smooth curves t o  be p l o t -  

t ' j d .  Furthv?rmoro, t h e   i m p o r t a n t   c o n s i d e r a t i o n   i n   t h i s   i n v e s t i g a t i o n  

was tha t   o f   compar ing   the   charac te r i s t ics  of d i r e c t i o n   f i n d e r   b e z r -  

incs taken on tb.e  tvro t y p e s  of t r c n m i t t i n g   a n t e n n a s  employed a t  

radio  ranges,   and i t  i s  r easonab le   t o  assume t h a t   c k n g e s   i n   t h e  

ionosphere would no t   i n f luewe   t h i s   compar i son .   I f   obse rvz t ions  

over a longer   uer iod  were  contenplated,  no l i n i t  could  be  set   si~lice 

observat ions on t h e   e f f e c t s  of t h e J o n o s p h e r e   r e s u l t i n g   i n   f a d i n c  of 

r a d i o   s i g n a i s   a r e  a cont inui .ng   pro jec t   o f   cer ta in   research   agencies .  

There i s ,  Sowever, l i k e l y   t o   b e  a d i f f e r e n c e   i n   t h e   d i s t a n c e s  shown 

on the   cu rves   fo r  a given  bear ing s h i f t  i n   o t h e r   s e c t i o n s  of t h e  

country.  The r a d i u s  of t h e   a r e a  o f  zero  bear ing s h i f t  would be par- 

t i c u l a r l y   s u b j e c t   t o   n o d i f i c a t i o n  when the   t ransmiss ion   takes   p lace  

o v e r   t e r r a i n   h e v i n g   t i f f e r e n t   r a d i o   s i o n a l   a t t e n u a t i o n   c h a r a c t e r i s t i c s  

from t h a t   i n v o l v e d   i n   t h e s e   t z s t s .  A r e d u c t i o n   i n   a t t ? n u a t i o n  x o u l d  

r e s u l t   i n   a n   i m r e a s e   i n   t h e   r a d i u s   o f   t h e   a r e a   n e n t i o n e d   a b o v e .  

BRsed on f i e l d   i n t e n s i t y   s w v e y s ,  it can   be   s t a t ed   t ha t   a l t hough   t he  

t e r r a i n   o v i r  ,which t b e s e   t e s t s  were  conducted has r e l ? t i v e l y  :l igh 

a t t e n u a t i o n ,  i ~ t  is  r e p r e s e n t a t i v e  of t h e   U n i t e d   S t a t e s ,  with t h w  ex- 

cept ion  o f  t he   r - idd ie  west p l a ins   where   t he   a t t enua t ion  i s  m a t e r i a l l y  

lower t h a n  that   encountered  here .  
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F ~ E .  2 i l l u s t r a t e s   t h e  manner i n  which t h e  seoero l  parameters 

combine t o   c a u s e   u n s t a b l e  bearilw.?. The s e t  of condi t ions  sho,,vn could 

o b t a i n   a t   a n y   p o i n t  v;here both  the ground weoe and sky UETE are pr?snnt. 

The example t&eo no  account of  t k e   f a c t   t h a t   t h e   p h a s e  acr?;? bftween 

t h e  shy  and ground wav? will change, it bc igg  p o s s i b l i  f o r  t h e  two 

cnmponents t o  becone comentar i ly   cn t iphosed .   This  ~ ? o u l d  r e s u l t   i n  an 

ind, : f i? i te  o r  t,rohd n u l l .  

I n   t h i   f i g u r e ,  it has  been ass1ur.4 thxt t h e   p l a n e  o f  y o l o r i m t i o n  

of t h c  skywzve has   been  rotatzd 90" ?.nd is  now h o r i z o n t a l .  Thc  a w l e  

B wP.+.ch t h c  dmncon:ng sky wave mzk t s  w i t h   t h e   h o r i z o n t a l  i s  asswTLid t o  

be 45', end t h e  cv-piitude of  t h e  sky wave has  &t,n t a h n  CIS i-,alf t h e t  

of t h e  !:,round wav;;. T i ih  t h e s e  assur,cd vti!.ui-s, i t  i s  eho'm on the 

f i p r t ,  t h t  thE- bearing e r r o r  would be 19.5". It will be r e c a l l e d  t h a t  

e r r o r s  o r  t h i s   r . p o i t u d e  w t r n  t n c o u n t e r d  f r equen t ly  in t h e  tests 51- 

ready descr ibed .  
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