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TE C"I CAL MEMORANDUM X- 5 3 147 

AN ULTRA-LOW FREQUENCY ELECTROMAGNETIC 
WAVE FORCE MECHANISM FOR THE IONOSPHERE 

J. M. Boyer;: and W. T. Roberts 

ABSTRACT 

Present  t h e o r e t i c a l  explanat ions of the ionospheric  behavior  i encounter c e r t a i n  d i f f i c u l t i e s  i n  account ing f o r  observed geographic,  
d i u r n a l ,  and seasona l  anomalies.  Sec t ion  I1 d i s c u s s e s ,  i n  p a r t i c u l a r ,  

I t he  two noc tu rna l  maximum e l e c t r o n  d e n s i t y  concen t r a t ions  which occur 
I approximately 1 2  degrees  above and below the  geomagnetic equa to r ,  t h e i r  

s easona l  v a r i a t i o n  and the sudden h e i g h t  i n c r e a s e s ,  which occur i n  the  
F2 l a y e r  soon a f t e r  t w i l i g h t .  I n  Sec t ion  111 a t h e o r e t i c a l  f o r c e  mech- 
anism f o r  ionospheric  m a t t e r ,  o r i g i n a t e d  by J. M. Boyer, is  b r i e f l y  
desc r ibed .  Such a model uses a mechanical p o t e n t i a l  geometry de r ived  
from e lec t romagne t i c  s t and ing  waves generated by Mie s c a t t e r i n g  of 
u l t r a - l o w  frequency energy from the sun i n c i d e n t  on the  e a r t h .  The 
importance of the 1 / w 2  dependence of the time average Lorentz f o r c e  on 
charged m a t t e r  w i t h i n  such a s t and ing  wave g r a d i e n t  i s  emphasized, 
weighing f i r s t  o r d e r  e f f e c t s  toward the  f i r s t  few d ipo le /mul t ipo le  

~ resonances of the e a r t h  i n  the  region 7.0 t o  70.0 cps. Some computer 
r e s u l t s  f o r  plane wave s c a t t e r i n g  from the e a r t h  i n  the  above s p e c t r a l  
r eg ion  a r e  d i sp l ayed  t o  show t h a t  t he  r e s u l t  is the e r e c t i o n  of a com- 
p l e x  wave geometry of three-dimensional p o t e n t i a l  w e l l s  f o r  charged 
m a t t e r .  Anomalies i n  the s t and ing  e l ec t romagne t i c  wave f i e l d  a r e  found 
t o  correspond we l l  w i th  observed ionosphere anomalies i n  the F2 r eg ion ,  
when t r a n s l a t i o n  between t h e  wave coord ina te  frame and the geographic 
frame i s  made. 

;: P r i n c i p a l  I n v e s t i g a t o r ,  Northrop Space Labora to r i e s ,  under NASA con- 
t r a c t  NAS-11138. 
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TECHNICAL MEMORANDUM X-53147 

AN ULTRA-LOW FREQUENCY ELECTROMAGNETIC 
WAVE FORCE MECHANISM FOR THE IONOSPHERE 

SUMMARY 

Presen t  t h e o r e t i c a l  explanat ions of t h e  ionospheric  behavior  
encounter c e r t a i n  d i f f i c u l t i e s  i n  accounting f o r  observed geographic ,  
d i u r n a l ,  and seasona l  anomalies. Sec t ion  I1 d i s c u s s e s ,  i n  p a r t i c -  
u l a r ,  t he  two noc tu rna l  maximum e l e c t r o n  d e n s i t y  concen t r a t ions  which 
occur  approximately 1 2  degrees above and below t h e  geomagnetic equa to r ,  
t h e i r  s easona l  v a r i a t i o n  and t h e  sudden h e i g h t  i nc reases  which occur 
i n  t h e  F2 l a y e r  soon a f t e r  t w i l i g h t .  I n  S e c t i o n  I11 a t h e o r e t i c a l  f o r c e  
mechanism f o r  i onosphe r i c  m a t t e r ,  o r i g i n a t e d  by J. M. Boyer, is b r i e f l y  
descr ibed.  Such a model uses  a mechanical p o t e n t i a l  geometry de r ived  
from e lec t romagne t i c  s t and ing  waves gene ra t ed  by M i e  s c a t t e r i n g  of u l t r a -  
low frequency energy from t h e  sun i n c i d e n t  on the  e a r t h .  The importance 
of t h e  1/w2 dependence of t h e  time average Lorentz f o r c e  on charged 
m a t t e r  w i t h i n  such a s t and ing  wave g r a d i e n t  is emphasized, weighing 
f i r s t  order  e f f e c t s  toward the  f i r s t  few d ipo le /mul t ipo le  resonances 
of t h e  e a r t h  i n  the  r eg ion  7 .0  t o  70.0 cps. Some computer r e s u l t s  f o r  
p l ane  wave s c a t t e r i n g  from t h e  e a r t h  i n  the above s p e c t r a l  r e g i o n  a r e  
d i sp l ayed  t o  show t h a t  t he  r e s u l t  is the  e r e c t i o n  of a complex wave geo- 
metry of three-dimensional p o t e n t i a l  w e l l s  f o r  charged m a t t e r .  Anomalies 
i n  t h e  s t and ing  e l ec t romagne t i c  wave f i e l d  a re  found t o  correspond w e l l  
w i t h  observed ionosphere anomalies i n  the  F2 r eg ion ,  when t r a n s l a t i o n  
between the  wave coord ina te  frame and t h e  geographic frame is made. 

I. INTRODUCTION 

Various t h e o r e t i c a l  models have been used t o  e x p l a i n  t h e  behavior  
of t h a t  ionized p o r t i o n  of t h e  upper atmosphere known a s  t h e  ionosphere.  
The fol lowing theory i s  n o t  intended as a replacement f o r  t h e  accepted 
t h e o r i e s ,  b u t  r a t h e r  a s  a mechanism t o  e x p l a i n  many of t h e  d r i v i n g  and 
c o n t r o l l i n g  f o r c e s  involved. I f  w e  accep t  t h e  e x i s t e n c e  of e l e c t r o -  
magnetic f i e l d s  r e s u l t i n g  from standing waves, we must r e a l i z e  t h a t  
t h e s e  f i e l d s  w i l l  e x e r t  an in f luence  upon t h e  charged m a t t e r  p r e s e n t  i n  
the  immediate v i c i n i t y .  The s o l u t i o n s  f o r  t he  near-zone e l ec t romagne t i c  
f i e l d ,  s c a t t e r e d  from a p e r f e c t l y  conducting sphe re ,  r e v e a l  f o r c e  f i e l d s  
which may be used t o  account f o r  va r ious  anomalous r eg ions  of t he  
ionosphere when app l i ed  t o  the  ea r th .  I n  t h e  fol lowing s e c t i o n s  we 
w i l l  d i s cuss  some prel iminary r e s u l t s  obtained from a r e c e n t  s tudy.  



11. DISCUSSION OF THE OBSERVED DATA 

The e a r t h  is encompassed i n  a mass of gaseous matter, which we 
The atmosphere nea r  t h e  s u r f a c e  of know a s  the  e a r t h ' s  atmosphere. 

t he  e a r t h  has been s t u d i e d  and is a t  l eas t  p a r t i a l l y  understood by 
me teo ro log i s t s .  A t  h igh  a l t i t u d e s ,  however, t h i s  s i t u a t i o n  is q u i t e  
d i f f e r e n t .  U n t i l  r e c e n t l y  the  e a r t h ' s  upper atmosphere w a s  a com- 
p l e t e l y  a b s t r a c t  e n t i t y ,  no t  s u b j e c t  t o  any kind of s tudy.  I n  t h e  
l a t te r  p a r t  of the n i n e t e e n t h  cen tu ry ,  Balfour  Stewart  hypothesized 
t h e  e x i s t e n c e  of t he  ionosphere,  and wi th  the  advent of r a d i o  t h e  
e x i s t e n c e  of t h i s  atmospheric r e g i o n  w a s  confirmed. We now know t h a t  
t h e  ionosphere r e s u l t s  from the i o n i z a t i o n  of atmospheric p a r t i c l e s  by 
s o l a r  h i g h  energy e l ec t romagne t i c  r a d i a t i o n  and t h a t  r a d i o  waves a r e  
r e f l e c t e d  mainly by the  r e s u l t i n g  e l e c t r o n s .  

One might i n i t i a l l y  assume t h e  ionosphere t o  be a symmetrical  
cover of ions and e l e c t r o n s  over t h e  e a r t h ' s  s u r f a c e ,  w i th  perhaps t h e  
number d e n s i t y  being less on t h e  n i g h t  s i d e  than  on t h e  day s i d e .  
Unfortunately,  t h i s  p i c t u r e  is n o t  n e a r l y  adequate  as a r e p r e s e n t a t i o n  
of t h e  a c t u a l  s t a t e  of t he  ionosphere.  W e  must a l s o  cons ide r  t h e  
e f f e c t s  of the e a r t h ' s  magnetic f i e l d  on the  charged p a r t i c l e s ,  and 
t h e i r  i n t e r a c t i o n s .  The combination of t hese  f a c t o r s  more n e a r l y  
explains t h e  observed behavior  of t h e  ionosphere;  however, t h e r e  s t i l l  
remain large d i sc repanc ie s  between t h e  observed behavior  and p r e s e n t  
t h e o r i e s  . 

The i n v e s t i g a t i o n  of t h e s e  problems is cen te red  on the  peak of t h e  
F2 l a y e r  ( t h a t  p o i n t  ascending along a pe rpend icu la r  t o  the  e a r t h ' s  s u r -  
f a c e  a t  which the  e l e c t r o n  d e n s i t y  is g r e a t e s t ) .  The d i u r n a l  v a r i a -  
t i o n s  i n  he igh t  and e l e c t r o n  d e n s i t y  may be examined by s tudy ing  t h e  
r e c e n t  I G Y  da t a .  
d e n s i t y  a t  the peak of the F2 l a y e r .  
by r e f l e c t i n g  r a d i o  waves o f f  t h e  ionosphere.  
governed by the fol lowing equation: 

Figure 1 is a g r a p h i c a l  r e p r e s e n t a t i o n  of t h e  e l e c t r o n  
The e l e c t r o n  d e n s i t y  is measured 

This r e f l e c t i o n  is 

431 N e: 

c0 me w2 p = 1 -  

where 

p = r e f r a c t i v e  index of the medium 

w = angu la r  frequency of t h e  wave 

N = number d e n s i t y  of e l e c t r o n s  

2 



m = m a s s  of an  e l e c t r o n  e 

e = charge on an  e l e c t r o n  e 

c0 = p e r m i t t i v i t y  of free space 

A t  t h e  p o i n t  where t h e  r a d i o  wave is r e f l e c t e d ,  p. = 0 ,  t he  equa- 
t i o n s  can be so lved  f o r  N i n  terms of f ,  t he  wave frequency i n  mega- 
c y c l e s  pe r  second, w i th  the following r e s u l t :  

I n  Figure 1 the  contours which a re  r e l a t e d  t o  the  e l e c t r o n  number 
d e n s i t y  by t h e  preceding equat ions a re  of cons t an t  frequency, f .  
main i n t e r e s t  a r e  t h e  e l e c t r o n  d e n s i t y  inc reases  which occur a f t e r  n igh t -  
f a l l  a t  about  t 1 2  degrees  from the geomagnetic equa to r .  

Of 

F igu re  2 is the  corresponding contour c h a r t  of cons t an t  h e i g h t  of 
t he  F2 peak. This map w a s  arranged i n  a manner s i m i l a r  t o  the frequency 
c h a r t .  
1958 is p l o t t e d  f o r  s e v e r a l  s t a t i o n s  which l i e  approximately along the  
80 "W m e r  i d  ian.  

The average h e i g h t  of t h e  maximum e l e c t r o n  d e n s i t y  f o r  March 

The h e i g h t  contours show very c l e a r l y  the  anomalous r eg ion  which 
occurs  j u s t  a f t e r  n i g h t f a l l  a t  the geomagnetic equator .  The sudden 
r a p i d  i n c r e a s e  i n  h e i g h t  of t h e  F2 peak is not  e a s i l y  explained i n  terms 
of modern t h e o r i e s .  

These anomalous r eg ions  may b e  explained by means of the Boyer 
Theory which hypothesizes  the  e x i s t e n c e  of f o r c e  f i e l d s  r e s u l t i n g  
from s t and ing  waves brought about by s c a t t e r i n g  of u l t r a - l o w  frequency 
e l ec t romagne t i c  waves o r i g i n a t i n g  w i t h i n  t h e  sun and propagating t o  the 
e a r t h .  

So lu t ions  t o  the  f i e l d  components have been de r ived  and p re l imina ry  
r e s u l t s  a re  d i scussed  i n  the  following s e c t i o n .  

3 



111. THEORETICAL MODEL AND DISCUSSION OF COMPUTED RESULTS 

I n  t h i s  s e c t i o n  a t h e o r e t i c a l  model, employed t o  examine t h e  
p o s s i b i l i t y  t h a t  an  e l ec t romagne t i c  wave f o r c e  mechanism is a t  work 
i n  the  e a r t h ' s  atmosphere, is o u t l i n e d ,  and a few key r e s u l t s  r e c e n t l y  
ob ta ined  from machine computations r e l a t e d  t o  such a model a r e  p re sen ted .  

The c a r d i n a l  premise of t h e  e l ec t romagne t i c  wave f o r c e  theory [ l ]  
i s  t h a t  stars, including our sun,  r a d i a t e  extremely low frequency 
r a d i o  waves whose energy s p e c t r a  d e p a r t  completely fi-om the  b l ack  body 
laws observed t o  o b t a i n  i n  t h e  o p t i c a l  p o r t i o n s  of t h e  s t a r ' s  spectrum. 
I n s t e a d ,  a s t a r  is viewed as c o n s i s t i n g  of a matter sphe re  of complex 
d i e l e c t r i c  cons t an t  e x c i t e d  i n t e r n a l l y  by a thermonuclear sou rce .  Such 
a body is found t o  respond l i k e  a d i e l e c t r i c  c a v i t y  t o  such i n t e r n a l  
e x c i t a t i o n ,  producing i n t e r n a l  s t a n d i n g  waves, o r  resonances , a t  c e r t a i n  
f r equenc ie s  whose energy i s  forbidden t o  a p p e a r  i n  t h e  o u t s i d e  un ive r se  
as w e l l  a s  anti-modes t o  which t h e  s te l la r  m a t t e r  a c t s  as a s o r t  of 
impedance transformer e f f e c t i n g  e f f i c i e n t  t r a n s f e r  of i n t e r n a l  energy 
t o  t h e  ou t s ide .  Thus, t he  emission spectrum is somewhat analogous i n  
appearance to the  energy s t a t e s  of t h e  hydrogen atom, t h e  lowest  
pe rmi t t ed  l i n e s  being f a r  a p a r t  b u t  moving c l o s e r  t oge the r  i n  t h e  
spectrum with i n c r e a s i n g  frequency so  t h a t ,  i n  t he  o p t i c a l  o r  h igh  
frequency l i m i t ,  we f i n d  a continuum o r  Planck-l ike r e g i o n  (Figure 3 ) .  

At a mean d i s t a n c e  of some 93 m i l l i o n  m i l e s ,  such s o l a r  waves 
would be v i r t u a l l y  plane.  The consequences due t o  t h e  incidence of 
such  waves on the  e a r t h  over a frequency band extending from 7.0 t o  
70.0 cyc le s  p e r  second were invest igat .ed by means of t h e  mathematical  
e d i f i c e  e rec t ed  by Gustav Mie [SI i n  1908. The frequency r e g i o n  noted 
was s e l e c t e d  because i t  f a l l s  w i t h i n  the  primary e l ec t romagne t i c  
resonances of a sphere t h e  s i z e  of t h e  e a r t h  (Figure 4 ) .  
d i p o l e  and back- sca t t e r  resonances f a l l  s l i g h t l y  lower i n  t h e  audio- 
frequency spectrum than the  Schumann resonances of t h e  e a r t h  - ionos- 
phere c a v i t y  e l u c i d a t e d  by Wait [9]  of t h e  Nat ional  Bureau of Standards 
and o t h e r s .  

Both the  

Machine s o l u t i o n s  were ob ta ined  f o r  t h e  t o t a l  s t a n d i n g  wave f i e l d  
generated by s c a t t e r i n g  and wave i n t e r f e r e n c e  which would e x i s t  i n  t he  
near and intermediate  zone r eg ion  surrounding t h e  e a r t h ,  extending from 
t h e  s u r f a c e  t o  a d i s t a n c e  of 11.5 e a r t h  r a d i i .  The i n f l u e n c e  of such 
a nonuniform, e l ec t romagne t i c  s t and ing  wave f i e l d  on charged m a t t e r  is 
in spec ted  by means of t he  Lorentz fo rce .  I f  we  cons ide r  only t h e  time 
average fo rce  on charged matter, we d e r i v e  t h e  r e l a t i o n  

4 



This r e s u l t  g r e a t l y  s i m p l i f i e s  t he  problem i n  t h a t  we may d e a l  i n  
a l l  subsequent manipulation 
by d o t t i n g  the  t o t a l  v e c t o r  f i e l d  i n t o  i t s  complex conjugate .  
term g ives  a m a t t e r  wave f o r c e  inve r se ly  p r o p o r t i o n a l  t o  t h e  squa re  of 
t he  angu la r  frequency a s  w e l l  a s  the g r a d i e n t  of t h e  s c a l a r  p o t e n t i a l .  
Furthermore, we should emphasize t h a t  t he  t o t a l  s c a t t e r i n g  c ros s  sec -  
t i o n ,  and t h e r e f o r e ,  the a b s o l u t e  magnitude of k f o r  a sphere w i t h i n  
t h e  Mie r eg ion  is n o t  cons t an t ,  but o s c i l l a t e s  i n  magnitude about  t h e  
resonances.  This f a c t  removes a r b i t r a r i n e s s  from the  problem and 
uniquely r e l a t e s  t h e  t o t a l  f i e l d  in t h e  s c a t t e r i n g  process  t o  the  dimen- 
s i o n s  and m a t t e r  composition of a g iven  astronomical  body. F i n a l l y ,  t he  
1 / w 2  dependence of t he  f o r c e  p e r m i t s  us t o  cons ide r  on ly  t h e  lowest  o r d e r  
e igenvalues  f o r  a given body a s  of f i r s t  o rde r  importance when s tudy ing  
the  wave e f f e c t s  on m a t t e r  i n  such a n  environment. The t o t a l  f i e l d  s o l u -  
t i o n s  obtained f o r  t he  sphe re  a r e  exceedingly d i f f i c u l t  t o  p r e s e n t  i n  a 
p i c t u r e  wi thou t  r e s o r t i n g  t o  plane c u t s .  Figure 5 shows a two-dimensional 
s t and ing  wave model which d i s p l a y s  w e l l  the  "mountain" and "val ley" s t r u c -  
t u r e  which r e s u l t s  i n  space.  This e a r l y  p l a s t e r  model f o r  the t o t a l  f i e l d  
around a wave s c a t t e r i n g  c y l i n d e r  w a s  cons t ruc t ed  from d a t a  computed by 
D r .  Ronald P. King and D r .  T s i  Wu of Harvard [5]. These s t and ing  wave 
f i e l d s  a r e  s t a t i o n a r y  i n  p o s i t i o n ,  b u t  o s c i l l a t e  i n  amplitude a t  t h e  
angu la r  frequency. 

w i t h  a s c a l a r  mechanical p o t e n t i a l  ob ta ined  
The 1 / w 2  

Now, i f  charged m a t t e r  is p re sen t  - gene ra t ed  s a y  w i t h i n  a p l a n e t a r y  
atmosphere by i n c i d e n t  h igh  energy u l t r a v i o l e t  photons,  o r  f a r t h e r  o u t  by 
neutron albedo,  o r  even f a r t h e r  s t i l l  by i n j e c t i o n  of r a w  space matter - 
t h e s e  charges tend t o  be guided by the  g r a d i e n t  of such a f i e l d .  A f t e r  
s u f f i c i e n t l y  long per iods of time, charges w i l l  f low w i t h i n  t h e  minimums 
o r  v a l l e y s  of t h i s  wave geometry and may even c o l l e c t  i n  pools o r  poten- 
t i a l  w e l l s  e r e c t e d  a t  c e r t a i n  points  i n  space by the  s t and ing  waves. 

Under a NASA c o n t r a c t  g r a n t  (Reference 3 f o r  f i n a l  r e p o r t )  numerical  
s o l u t i o n s  f o r  t he  e a r t h  s c a t t e r i n g  s p h e r e  i l l umina ted  by s o l a r  e l e c t r o -  
magnetic waves i n  the  frequency range s p e c i f i e d  were obtained.  A s  a 
charged p a r t i c l e  is inf luenced by a l l  f i e l d s  p r e s e n t  i n  i t s  v i c i n i t y ,  t he  
t o t a l  s c a l a r  p o t e n t i a l  - summed over the  spectrum - was secured from the  
IBM 7094 computer as a f u n c t i o n  of r a d i a l  d i s t a n c e ,  r ,  and t h e  s p h e r i c a l  
d i r e c t i o n s  @, e. 

I n  F igu re  6 ,  one s e e s  t h e  nonuniform s c a l a r  p o t e n t i a l  p r o f i l e  f o r  
a n  a l t i t u d e  of 1.050 e a r t h  r a d i i  (well  i n t o  the F2 l a y e r )  f o r  t he  e c l i p t i c  
plane.  I f  w e  t ake  the  g r a d i e n t  of such a p o t e n t i a l  around t h e  e a r t h  i n  
t h i s  plane we  f i n d  a p o t e n t i a l  minimum e x i s t i n g  about  70 degrees from 
e c l i p t i c  midnight o r  t he  a n t i - s o l a r  p o i n t .  Taking i n t o  account t h e  
changing a t t i t u d e  of t he  e a r t h ' s  geographic and geomagnetic coord ina te  
frames wi th  r e s p e c t  t o  the  e c l i p t i c  plane w i t h  the  seasons ,  t h i s  calcu-  
l a t e d  p o s i t i o n  f o r  t he  f i e l d  minimum ag rees  q u i t e  s a t i s f a c t o r i l y  w i t h  
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t h a t  f o r  the " t w i l i g h t  increase" observed i n  the F2 l a y e r .  The reason 
f o r  the increase i n  h e i g h t  of a ma t t e r  l a y e r  is seen  i n  a p l o t  of the 
c a l c u l a t e d  earthward p o i n t i n g  r a d i a l  f o r c e  component (Figure 7) ,  which 
is weakest over t h e  p o t e n t i a l  w e l l .  This r a d i a l  f o r c e  component then 
i n c r e a s e s  as we move toward m i d n i g h t , o r  e c l i p t i c  moon. Such a combination 
of f o r c e  components a l s o  p r e d i c t s  a charge popu la t ion  decrease a t  t h e  
same reg ion .  

Figure 8 d e p i c t s  an i n t e r e s t i n g  f e a t u r e  i n  the  p o t e n t i a l  computed 
f o r  the plane normal t o  t h e  e c l i p t i c  and along t h e  ea r th - sun  a x i s .  A 
maximum o r  "bulge" occurs on the  da rk  s i d e  away from the  sun,  f a l l i n g  
w i t h i n  t h e  a u r o r a l  zone of the e a r t h .  The e l ec t romagne t i c  f i e l d  h e r e  
is found t o  be almost e n t i r e l y  composed of t he  r a d i a l  e l e c t r i c  component; 
the t a n g e n t i a l  component becomes s i g n i f i c a n t  only a t  a d i s t a n c e  of abou t  
7 e a r t h  r a d i i .  

Because of t h e  p o s i t i o n  of t he  p o l a r  f i e l d  bu lge ,  it w i l l  d e s c r i b e  
one r o t a t i o n  i n  t h e  a u r o r a l  zone i n  one e a r t h  year .  The c a l c u l a t e d  
o s c i l l a t i n g  r a d i a l  e l e c t r i c  f i e l d  l i n e s  and those of t he  s t a t i c  magnetic 
f i e l d  of the e a r t h  l i e  c l o s e l y  p a r a l l e l  i n  t h i s  r e g i o n  (Figure 9 ) ,  b u t  
t he  angular  r e l a t i o n s h i p  does va ry  over the year w i t h  a r e p e a t  alignment 
occur r ing  a t  t h e  two equinoxes. This f i e l d  geometry p r e d i c t s  t he  
e x i s t e n c e  of a n  a c c e l e r a t i o n  mechanism f o r  e l e c t r o n s  i n  the  bulge zone 
w i t h  ve ry  l i t t l e  
f o r  e l e c t r o n s  was sought  f o r  i n  n a t u r e  by J. W. Chamberlain [6]  i n  h i s  
t h e o r e t i c a l  work of 1956 r e l a t e d  t o  the long, t h i n  r a y  au ro ra .  Also,  i t  
w a s  i n  a l t i t u d e s  above 50 km i n  the l a t i t u d e  zone occupied by the  calcu-  
l a t e d  f i e l d  bulge t h a t  Van Al l en  and Kasper found s o f t  X-ray a c t i v i t y  [ 7 ]  
which could be p l a u s i b l y  a s c r i b e d  t o  bremsstrahlung from a c c e l e r a t e d  
primary e l ec t rons .  A s  t h e r e  e x i s t  i n  geophysics t h e o r e t i c a l  mechanisms 
which r e l a t e  i onosphe r i c  storms t o  i n j e c t i o n  of i o n i z i n g  p a r t i c l e s  i n  
the  a u r o r a l  zone, t h i s  f e a t u r e  i s  p e r t i n e n t  t o  the work c a r r i e d  out  i n  
the  g r a n t  study. 

x 5 i n t e r a c t i o n .  P r e c i s e l y  such a n  e l e c t r i c  mechanism 

The l a t i t u d e  dependence of e l e c t r o n  d e n s i t i e s  i n  the F2 l a y e r  may 
a l s o  be considered. Unfortunately,  w e  have n o t  y e t  s ecu red  s u f f i c i e n t  
f i e l d  d a t a  i n  regions o u t s i d e  t h e  t h r e e  p r i n c i p a l  planes of the sphere 
t o  draw f i rm conclusions r ega rd ing  t h i s  phenomenon. However, the p o l a r  
plane f o r c e  diagram (Figure l o ) ,  shows a n  a b r u p t  r e v e r s a l  i n  d i r e c t i o n  
of t h e  r a d i a l  f o r c e  between the e c l i p t i c  p l ane  and h ighe r  l a t i t u d e .  
F igu re  11 shows the  same e f f e c t  i n  the dawn-twilight p o l a r  p l ane ,  b u t  
a t  a s l i g h t l y  d i f f e r e n t  l a t i t u d e  r e fe renced  t o  the  e c l i p t i c .  
no such r e v e r s a l  e f f e c t  a t  a l l  i n  t he  r a d i a l  f o r c e  i n  the  e c l i p t i c  plane 
(Figure 1 2 ) .  
of t h e  l a t i t u d e  dependence of t he  e l e c t r o n  d e n s i t y .  

There is 

Fur the r  s tudy  of t hese  e f f e c t s  may l e a d  t o  an  understanding 
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F i n a l l y ,  t he  symmetry of t h e  computed p o t e n t i a l  p r o f i l e s  above and 
below the e c l i p t i c  pl-ane and about the a x i s  between datm and t w i l i g h t  
(Figures  10-12) is a r t i f i c i a l ,  being the  r e s u l t  of cons ide r ing  only the 
e a r t h  i n  the wave-scat ter ing problem. I f  we use the e a r t h ' s  f i r s t  back- 
s c a t t e r i n g  resonance which has a wavelength of 6.28 e a r t h  r a d i i  o r  
25,000 m i l e s ,  t he  moon is only 9.5 wavelengths d i s t a n t  from the e a r t h .  
We t h e r e f o r e  made a hand c a l c u l a t i o n  f o r  the moon i n  the a c c u r a t e l y  
known p o s i t i o n  of t he  June 25, 1964, l una r  e c l i p s e  t o  determine r e l a t i v e  
magnitudes of wave coupling which could e x i s t  between these bodies i n  
t he  con tex t  of e l ec t romagne t i c  theory. S u b s t a n t i a l  coupling would e x i s t  
and should v a r y  markedly a s  a func t ion  of t h e  p o s i t i o n  of the moon i n  
i t s  o r b i t .  Such an  e f f e c t  would take p l ace  because of v a r i a t i o n  i n  the 
moon's b i - s t a t i c  s c a t t e r i n g  c ros s  s e c t i o n  and the  changes i n  phase 
occasioned by change i n  d i s t a n c e  from the  e a r t h  due t o  the e l l i p t i c i t y  
of t h e  luna r  o r b i t .  

I n  the  t e s t  case c a l c u l a t e d  f o r  a s i n g l e  p o i n t  a t  an a l t i t u d e  of 
318 km along the  ear th-sun l i n e ,  v a r i a t i o n s  i n  the e a r t h  f i e l d  by a s  
much a s  75 p e r c e n t  and as l i t t l e  as  2 pe rcen t  were found over the f r e -  
quency band 7 t o  70 cps,  t he  average p e r t u r b a t i o n  being about 20 percent .  
Although a complete machine computation f o r  a l l  p o s i t i o n s  of t he  e a r t h -  
moon-sun t r i a n g l e  throughout t h e  year must be run  t o  determine the 
range of such wave coupl ing,  cons ide ra t ions  from antenna a r r a y  theory 
t e l l  us t h a t  the r e s u l t  w i l l  b e  a r o t a t i n g  d i s t o r t i o n  of the ea r th -a lone  
f i e l d .  This e f f e c t  would des t roy  the c a l c u l a t e d  dawn-twilight p r o f i l e  
symmetry and w i l l  i n f luence  t h e  symmetry about  t he  e c l i p t i c  plane 
because the moon's o r b i t  is displaced from t h a t  plane.  The wave 
mechanism desc r ibed  h e r e  p r e d i c t s  a l una r  " t i de"  e f f e c t  upon the e a r t h ' s  
ionosphere by a f o r c e  o t h e r  than t h a t  of g r a v i t y ,  b u t  a g a i n  much work 
remains t o  be done b e f o r e  i t s  importance can be e s t ima ted .  Fu l l  d e t a i l s  
of t h e  r e s e a r c h  r e p o r t e d  he re  w i l l  be given i n  the f i n a l  r e p o r t  on the 
r e s e a r c h  done under NASA Contract NAS8-11138. 

111. CONCLUSIONS 

The d a t a  presented h e r e  r e p r e s e n t  only a ve ry  p re l imina ry  computation 
e f f o r t  leaving the main bulk of the work y e t  undone;, however, i t  i s  f e l t  
t h a t  t h i s  p re l imina ry  work w i l l  lead t o  f u t u r e  s t u d i e s  which may ve ry  
w e l l  open the way t o  an e n t i r e l y  new realm of space physics .  I f  the 
u l t r a - l o w  frequency electromagnet ic  waves a c t u a l l y  e x i s t  - and the re  is 
much controversy over t h i s  p o i n t  a t  t h i s  time - then the  e x i s t e n c e  of 
t h e s e  f o r c e  f i e l d s  cannot be denied. Earth-based experiments have 
measured f i e l d s  which correspond i n  frequency t o  those which a r e  postu- 
l a t e d  i n  the r e p o r t .  These f i e l d s  a r e  n e i t h e r  weak nor unpred ic t ab ly  
v a r i a b l e ,  b u t  r a t h e r  a r e  a n  ever-present  and s i g n i f i c a n t  c o n t r i b u t i o n  
from a p rev ious ly  undetermined o r ig in .  
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Addit ional  s t u d i e s  which should be undertaken i n  t h e  process  of 
v e r i f y i n g  the Boyer theory a r e  many and v a r i e d ;  however, t h e  f i r s t  
course of a c t i o n  should be t o  cont inue the  work under progress  i n  
determining t h e  pe r tu rb ing  mechanisms. Such mechanisms involve the 
moon s c a t t e r i n g  and i n t e r f e r e n c e  problems mentioned i n  Sec t ion  I11 and 
t h e  i n t e r r e l a t i o n  of the e a r t h ' s  geomagnetic f i e l d  w i t h  the  e l e c t r o -  
magnetic f i e l d .  

A second s t u d y  would be d i r e c t e d  toward determining the  d i u r n a l ,  
s easona l ,  and s o l a r  cyc le  v a r i a t i o n s  of t he  e l ec t romagne t i c  f i e l d .  

A t h i r d  s tudy  would be d i r e c t e d  toward determining the e f f e c t s  of 
t h e s e  f i e l d s  on the Van Al l en  r a d i a t i o n  zones. The a c c e l e r a t i o n  of 
p a r t i c l e s  w i th in  t h e  r a d i a t i o n  b e l t s  a s  w e l l  as the r a p i d  "dumping" of 
t hese  p a r t i c l e s  i n t o  the  e a r t h ' s  atmosphere may p o s s i b l y  be explained 
by t h e  forces  exe r t ed  upon them by these  e l ec t romagne t i c  f i e l d s .  

A fou r th  s t u d y  would be d i r e c t e d  toward determining whether o r  n o t  
pe r tu rba t ions  i n  t h e s e  f i e l d s  could be used a s  a warning system f o r  s o l a r  
f l a r e s .  The waves which o r i g i n a t e  i n  the " s o l a r  cav i ty"  may be pe r tu rbed  
t o  such an e x t e n t  p r i o r  t o  t h e  occurrence of l a r g e  s o l a r  f l a r e s  t h a t  
t h e s e  pe r tu rba t ions  could be d e t e c t e d  a t  t he  e a r t h .  
adequate s o l a r  f l a r e  warning system must be so lved  be fo re  extended dura- 
t i o n  missions can be launched i n t o  space wi th  a high p r o b a b i l i t y  of 
success .  

The problem of an  
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DIFFRACTION AND SCATTERING BY SPHERES 
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FIGURE 4.  BACK-SCATTERING FROM METAL SPHERES (ADEN, REFERENCE I O )  
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