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PREFACE 

This repor t  p resents  the  t r a n s c r i p t  of the Conference on S f e r i c s  
Xeasurements from S a t e l l i t e s  held on Apr i l  27, 1962 i n  Washington, D. C. and 
sponsored by the  Nat ional  Weather S a t e l l i t e  Center of the United S t a t e s  
Weather Bureau. 

A group of s c i e n t i s t s  from the  f i e l d s  of meteorology and atmospheric 
e l e c t r i c i t y  were inv i t ed  t o  present  t h e i r  thoughts and ideas  on how the  
c o l l e c t i o n  and s tudy of world-wide s f e r i c s  da ta  from a s a t e l l i t e  could a s s i s t  
the  meteorologis t  i n  h i s  understanding of the  behavior of the  atmosphere. 

Five speakers  gave s h o r t  talks on how s f e r i c s  measurements might be 
made and how these  da t a  could be u t i l i z e d .  Their comments formed the b a s i s  
for a genera l  d i scuss ion  among the o the r  p a r t i c i p a n t s  of the  conference which 
w a i  under the  chainoanship of Dr. Sigmund F r i t z .  

These proceedings are being d i s t r i b u t e d  t o  br ing  t o  s c i e n t i s t s  i n  
meteorology and c lose ly  a l l i e d  f i e l d s  the  ideas and comments set f o r t h  a t  t h i s  
meeting with the  hope t h a t  i n t e r e s t  w i l l  be s t imulated i n  o the r s  t o  suggest 
new ways for using s f e r i c s  da t a  gathered from satel l i tes .  
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CONFERENCE ON SFERICS MEASUREMENTS FROM SATELLITES 

D r .  F r i t z :  I should say  a l i t t l e  about the need f o r  t h i s  meeting. F i r s t  of 
a l l ,  why do we want t o  measure anything from s a t e l l i t e s ?  We can measure 
s f e r i c s  c h a r a c t e r i s t i c s ,  f o r  example, i n  the United S t a t e s  o r  probably a t  any 
s i n g l e  spo t ,  f a i r l y  well from the ground, I f ,  however, one wants world-wide 
observat ions,  then t h a t  almost necessa r i ly  implies the use of a s a t e l l i t e  
because very few th ings  t h a t  are of i n t e r e s t  t o  meteorologis ts  can be measured 
on a world-wide bas i s  from the  ground. 

From time t o  time, we hear  about and rece ive  proposals  regarding the  
d e s i r a b i l i t y  of measuring s f e r i c s  from s a t e l l i t e s .  
a s  i n  o the r  f i e l d s ,  t he re  a r e  people who have g r e a t  c a p a b i l i t y  i n  designing 
instruments f o r  measuring s f e r i c s .  There a r e  o the r  people whose prime i n t e r e s t  
i s  not  so much i n  instruments but r a t h e r  i n  g e t t i n g  the  da ta  from instruments 
t h a t  somebody else has designed, and then studying those da ta  t o  ge t  some bas ic  
information about the atmosphere. The i d e a l  arrangement i s  t o  have those two 
groups c l o s e l y  a l l i e d .  I n  t h i s  room, there  a r e  some people who have both of 
those i n t e r e s t s .  

I n  the  f i e l d  of s f e r i c s ,  

Nevertheless ,  t he re  are a l s o  people who have predominant i n t e r e s t s  i n  
one o r  the  o the r  of those two aspec t s  of the problem. 
important before anything major i s  done t h a t  we g e t  the  views of these two types 
of people. One is the  group t h a t  is going t o  use the d a t a .  What type of da ta  
do they want? What w i l l  they do with the da ta?  Then, we have t o  a sk  what can 
be done t o  f u l f i l l  the  needs t h a t  they fo re see .  Some of the  th ings ,  then,  
which I hope we w i l l  t a l k  about here a r e  the  reasons why we want t o  measure 
s f e r i c s  on a world-wide b a s i s .  

I th ink  i t  is  very 

We have arranged the program more o r  l e s s  around the o u t l i n e  t h a t  I 
have j u s t  mentioned. Namely, t h a t  we w i l l  f i r s t  t a l k  about the need f o r  world- 
w i d e  s f e r i c s ,  i f  such a need r e a l l y  e x i s t s .  
probably in terms of what we can l ea rn  about the atmosphere, o r  some p a r t s  of 
i t  o r  the  whole of i t ,  from a s tudy of the  s f e r i c s  da ta  which could be obtained 
la ter .  

The need would be expressed 

There may be seve ra l  d i f f e r e n t  types of information about the 
atmosphere which one can ge t  from s f e r i c s ;  one type of information may be 
u s e f u l  i n  s t u d i e s  of the  e l e c t r i c a l  p rope r t i e s  of the  atmosphere. 
suggested t h a t  thunderstorm a c t i v i t y ,  which gives  r i s e  t o  s f e r i c s ,  may be one 
of the  elements which determine the  gross  e l e c t r i c a l  p rope r t i e s  of the atmosphere. 

It has been 

There may be o the r  meteorological  impl ica t ions .  For example, D r .  
Riehl and D r .  Malkus, i n  t h e i r  s t u d i e s  of the  "hot towers", inves t iga ted  the 
t r a n s f e r  of p rope r t i e s  between the sur face  and the  atmosphere, and saw o the r  
impl ica t ions  about globe 1 meteorology. 

So perhaps we should s t a r t  the f i r s t  p a r t  of the meeting with D r .  
Workman, who has o f f e red  t o  t e l l  us something about the  e l e c t r i c a l  p rope r t i e s  
of the  atmosphere. 
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Dr. Workman: I have heard something about t h i s  t i t l e ,  and I assumed from the  
t i t l e  t h a t  I was not  expected t o  know very much about sa te l l i tes .  

Dr. F r i t z :  This  is a l t o g e t h e r  c o r r e c t .  I th ink  t h a t  what we would l ike  t o  
have now is not a d i scuss ion  of sa te l l i t e  measurements, but r a t h e r ,  i f  one had 
world-wide measurements of s f e r i c s ,  by whatever means obtained,  what implicat ions 
would t h i s  have f o r  the  s t u d i e s  of the  e l e c t r i c a l  p rope r t i e s  of the atmosphere. 

Dr. Workman: I might say  t h a t  your e f f o r t  t o  exp la in  why we a r e  here  is w e l l  
understood. I f e e l  t h a t  I a m  a l i t t l e  b i t  out  of place here because a c t u a l l y ,  
I do not  know much about s a t e l l i t e s .  

I have, however, a considerable  i n t e r e s t  i n  what can be found out  
about c e r t a i n  problems i n  atmospheric e l e c t r i c i t y .  One of the  i n t e r e s t i n g  
th ings  t o  me about the  genera l  sub jec t  of atmospheric e l e c t r i c i t y  is t h a t ,  due 
t o  d is t inguished  col leagues around the  t a b l e  here and o the r  people who have 
gone before  them, c l a s s i c a l  atmospheric e l e c t r i c i t y  seems t o  be a f a i r l y  
well-behaved s u b j e c t .  
known f a c t s .  Many th ings  about the  sub jec t  are s u f f i c i e n t l y  w e l l  understood 
so t h a t  one can now use the  atmospheric e l e c t r i c a l  mani fes ta t ions  as a t o o l  
t o  l ea rn  o the r  th ings  about the atmosphere. 

Our desc r ip t ions  a r e  reasonably cons i s t en t  with the  

Anomalies i n  atmospheric ion populat ions a s  w e l l  as rad ioac t ive  
p a r t i c l e  d i s t r i b u t i o n  near  the  sur face  and i n  the c i r c u l a t i n g  atmosphere can be 
very u s e f u l  i n  f ind ing  out  something about the behavior of the  atmosphere with 
respec t  t o  c i r c u l a t i o n .  

There is  one th ing  t h a t  looks almost as i f  i t  should be done now -- 
maybe i t  w i l l  have t o  be done by s a t e l l i t e s  -- and t h a t  is t o  f ind out  more 
d e f i n i t e l y  about thunderstorm frequency over the e a r t h .  

I don ' t  know how one should go about t h i s ,  whether one should observe 
t h i s  with s f e r i c s  o r  whether one should use some s o r t  of a 'photometric device.  
E i t h e r  method, I suspec t ,  w i l l  have considerable  shortcomings in i nd ica t ing  
r e l i a b l y  the  average number of thunderstorms t h a t  we have. 

Unfortunately,  a la rge  p a r t  of the e a r t h  where we expect high 
thunderstorm occurrence i s  not v e r y  w e l l  r epo r t ed ,  places  l i k e  the island of 
Ba l i ,  for example, and over much of the  t r o p i c a l  regions the re  seem t o  be 
inadequate thunderstorm repor t ing  systems. 

One would l ike t o  know ( c e r t a i n l y  our s t a f f  would l i k e  t o  know) how 
abundant thunderstorms a r e .  I would l ike t o  know how abundant thunderstorms 
a r e  over the  p l a i n s  of Texas. It is  r a t h e r  important t o  f ind  ou t ,  f o r  example, 
how much atmospheric space i s  required t o  develop and t o  s u s t a i n  a good 
thunders t o m  a c t i v i t y  . 

Perhaps one could devise  some s o r t  of photo-mult ipl ier  recorder  
whereby equipment-limited rates of rise of pulse  would serve  t o  d iscr imina te  
r e l i a b l y  l i gh tn ing  s t rokes  as seen from ou t s ide  the  atmosphere. I f  t h i s  could 
bo done, I th ink  by observing the  electromagnet ic  r a d i a t i o n ,  perhaps t h i s  
m t h o d  might be easier. 
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W e  have been dea l ing  f o r  a long time w i t h  some magic number of 1800 
storms a t  one time over the  e a r t h .  I c e r t a i n l y  would l i k e  t o  know whether t h i s  
i s  even approximately r i g h t .  One needs t o  know t h i s  t o  make some assessment 
of energy t r a n s f e r  i n  order  t o  do some bookkeeping on the  v e r t i c a l  hea t  flow 
problem . 

There is another  sub jec t  i n  the  genera l  f i e l d  of atmospheric 
e l e c t r i c i t y  t h a t  I should l i k e  t o  see s tud ied .  This  i s  the  shape of the  (what 
you might c a l l )  "equal iz ing l aye r  of layers"  of high conduct ivi ty  a t  the  top 
of the atmosphere. How do thunderstorm f i e l d s  inf luence the  "shape" of such 
regions? 
what poss ib le  connection the re  is between thunderstorm e l e c t r i c i t y  and the 
maintenance of the e a r t h ' s  e l e c t r i c  f i e l d .  Also, i t  is important,  I be l ieve ,  
f o r  eva lua t ing  the  many thunderstorm e l e c t r i f i c a t i o n  mechanism which have been 
proposed. It probably would not  be done 
with a s a t e l l i t e .  I sometimes th ink ,  Bob ( r e f e r r i n g  t o  R. E. Holzer),  t h a t  
perhaps we should have had a l i t t l e  b i t  more concern with t h i s  problem when we 
were measuring f i e l d  changes t o  i n f e r  charge t r a n s f e r s .  Cer ta in ly ,  the lower 
p a r t  of the  conducting layers  must be d i s t o r t e d  very considerably by the  presence 
of very high p o s i t i v e  charges i n  thunderstorms. I n  our p a r t  of the  country one 
sees  l i gh tn ing  s t rokes  which go i n t o  the  very pe r iphe ra l  regions a t  the top of 
clouds.  I suspect  they go the re  because t h i s  is  where the  conduct ivi ty  is 
l imi ted .  

I th ink  t h i s  should be very important f o r  b e t t e r  understanding of 

I don' t  know how one should do t h i s .  

Coming t o  the  e a r t h ,  we a r e  making measurements now of the  behavior 
of the  e l e c t r i c a l  f i e l d  and the  c o n s t i t u t i o n  of the  atmosphere with respec t  
t o  ions wi th in  about 10 cent imeters  of the su r face .  It tu rns  out  t h a t  t h i s  i s  
an extremely i n t e r e s t i n g  way t o  inves t iga t e  the d i f f u s i o n  problems a t  the  
sur face  of the ground. It has been suggested t h a t  perhaps our  r a d i o a c t i v i t y  
measurements t h a t  are being made there  might be extremely use fu l  i n  car ry ing  
out  an analogous t r a n s f e r  problem; i . e . ,  a way of g e t t i n g  a t  the water vapor 
d i f f u s i o n  a t  o r  near  the  sur face  f o r  dry c l imates  such a s  ours .  

I have one o the r  suggest ion t h a t  is only of genera l  i n t e r e s t .  A 
g r e a t  v a r i e t y  of ways have been promulgated f o r  generat ing thunderstorm 
e l e c t r i c i t y .  One who s t u d i e s  thunderstorms is  considered very remiss, indeed, 
i f  he is  not  the  au thor  of a system f o r  genera t ing  thunderstorm e l e c t r i c i t y .  
So I have one way of doing t h i s .  A t  least I have a par tnersh ip  i n t e r e s t  i n  a 
way of doing i t .  Since t h i s  i s  i n  the  genera l  f i e l d  of atmospheric e l e c t r i c i t y  
i t  is i n t e r e s t i n g  to po in t  out  something t h a t  seems t o  have escaped a t t e n t i o n  
f o r  some time. This is t h a t  every coulomb of e l e c t r i c i t y  t h a t  is involved i n  
thunderstorm a c t i v i t y  must involve necessa r i ly ,  according t o  our  p i c t u r e ,  the  
e l e c t r o l y s i s  of so much water ,  perhaps twice a i  much. This  w i l l  have a 
s i g n i f i c a n t  bearing upon the  hydrogen balance of the  atmosphere. 

It is of i n t e r e s t  t o  observe the  lack  of homogeneity i n  space charge 
which r e s u l t s  from thunderstorm f i e l d s  a t  the  bottom of the  atmosphere. One 
very r a p i d l y  sweeps out  charged r ad ioac t ive  products and takes  them up a t  the  
r a t e  of as much as one meter per  second toward the  base of the  storm. This  
leads t o  a heterogeneous composition of the  atmosphere with respec t  t o  
rad ioac t ive  products .  

I th ink  t h a t  is about a l l  t h a t  I a m  prepared to  say  as an  opening 



- 4 -  

statement  . 
D r .  F r i t z :  Thank you very much. You have raised seve ra l  i n t e r e s t i n g  po in t s .  

One of the  th ings  you mentioned was t h a t  you would l ike t o  have some 
i d e a  of abundance i n  the  d i s t r i b u t i o n  of the  world p a t t e r n  of thunderstorms. 
I presume t h a t  the importance of t h i s  would have something t o  do with the 
determinat ion o f ,  say ,  the magnitude o r  the  ho r i zon ta l  v a r i a t i o n s  of the  
e l e c t r i c a l  f i e l d  i n  time and space.  You may want t o  comment on t h a t  po in t .  

Another t h ing  you s a i d  is  t h a t  you would l ike  t o  know the  thunderstorm 
d i s t r i b u t i o n  i n  Texas. I s n ' t  it poss ib le  t o  do t h a t  much b e t t e r  from the ground 
than from any satel l i te?  

D r .  Workman: I probably would not  suggest doing t h i s  from a s a t e l l i t e .  1 was 
j u s t  saying t h a t  I would l ike  t o  know t h i s .  I ' m  concerned about the energy 
t r a n s f e r  and, t he re fo re ,  I need to  know how much room a thunderstorm needs. 

D r .  F r i t z :  I th ink  there  i s  another  po in t .  Regarding the  d i f f u s i o n  of water 
vapor from the  sur face ,  i s  the re  any l ike l ihood t h a t  we would be ab le  t o  
determine on a wor ld-wide  b a s i s ,  the  d i s t r i b u t i o n  of d i f f u s i o n  from the  ocean 
sur face  t o  the  a i r  by observat ion of s f e r i c s ?  

D r .  Workman: I don't  know how. I th ink  we have seen numbers quoted, but I 
imagine t h a t  these  a r e  based upon unce r t a in  c a l c u l a t i o n s  on the  amount of 
r a i n f a l l .  I heard someone r epor t  yesterday t h a t  the r a i n f a l l  on the  
cont inents  probably g e t s  cycled a s  r a i n  three  or four times. 
t h a t  we need t o  know. 

These a r e  th ings  

D r .  F r i t z :  The quest ion is whether we could determine it from s f e r i c s  
observa t i o n r  . 
D r .  Workman: I don' t  know how. There a r e  probably o the r  ways t o  go about i t ,  
but  I th ink  t h a t  the atmospheric e l e c t r i c a l  approach is f a i r l y  good, because 
it g ives  you numbers with which t o  work. 

D r .  Jones:  Many, many times i n  Oklahoma we have had p l en ty  of warm, m o i s t . a i r  
on the  su r face .  We had the  cold,  d ry  a i r  overhead which would come down and 
rep lace  i t  i f  proper " t r igger ing"  e x i s t e d .  
goes on east .  The warm, moist a i r  goes on someplace e l s e .  Unless the re  i s  a 
thunderstorm, you w i l l  not  have any s f e r i c s .  Many times I have sat  out  there  
a t  my labora tory  f o r  24 hours,  j u s t  hoping t h a t  a thunderstorm would take p lace .  

The co ld  a i r  goes overhead and 

D r .  F r i t z :  What kind of a thunderstorm? 

Dr. Jones: Trigger ing  thunderstorm. What I c a l l  a t r i g g e r i n g  thunderstorm. 
Once you have a thunderstorm formed, you w i l l  have many meteorological  
condi t ions  t h a t  could form a tornado or a thunderstorm and i t  j u s t  doesn ' t  
happen. 

I f  the  cold a i r  s t a y s  a t  35,000 f e e t  and the  warm, moist a i r  is 500 
f e e t  above the  su r face ,  and if they do g e t  toge ther  with one l i t t l e  t r i g g e r i n g  



- 5 -  

thunderstorm, you w i l l  have probably a very  severe  storm. Maybe even a 
tornado.  

Unless the  d i f f u s i o n  comes up s u f f i c i e n t l y  t o  t r i g g e r  o f f  the  f i r s t  
thunderstorm, nothing will happen. 
i f  t he  s f e r i c s  would be any i n d i c a t i o n  of the amount of  evapora t ion  e i t h e r  
over the  ocean o r  over  the  con t inen t .  

That is why 1 s a y  t h a t  I doubt very  much 

D r .  F r i t z :  Does anyone else want t o  comment on D r .  Workman's remarks? 

D r .  Nordberq: I would l i k e  t o  make one comment on the  many i n t e r e s t i n g  p o i n t s  
t h a t  D r .  Workman mentioned. It  occurs  t o  me  t h a t  probably only  one would 
r e a l l y  lend i t s e l f  t o  be s tud ied  by a s f e r i c s  s a t e l l i t e .  This  i s  j u $ t  t o  
determine the  number o r  the  frequency of thunderstorms. On the  o t h e r s ,  I see 
very  l i t t l e  p o s s i b i l i t y  of u s ing  s f e r i c s  s a t e l l i t e s .  

On t he  f i r s t  one,  I would l i k e  t o  r a i s e  a ques t ion ,  because I a m  
s u r e  i n  the  ensuing  p r e s e n t a t i o n s  and d i scuss ions  probably most of it w i l l  
c e n t e r  on t h a t  p o i n t .  

The ques t ion  I want t o  raise is, have we r e a l l y  o r  has somebody 
e s t a b l i s h e d  a correspondence o r  r e l a t i o n  between s f e r i c s  produced i n  a c e r t a i n  
band of t he  spectrum and the thunderstorm occurrence i t s e l f ?  

D r .  Workmen: I doubt whether they  have been s tud ied  from the  ou t s ide .  

D r .  Nordberg: Well, even from the  ground, what i s  the  s t a t i s t i c a l  b a s i s ?  
D r .  F r i t z ,  i s  t h i s  going t o  come up i n  some of  the p r e s e n t a t i o n s  scheduled,  o r  
should we take t h i s  up i n  a d i scuss ion?  

D r .  F r i t z :  We have no very  formal agenda. We can d i scuss  i t  f o r  a few minutes .  

D r .  Workman: I t h i n k  t h a t  my assignment here  i s  more o r  less gene ra l ,  because 
of my l a c k  of knowledge of sferics.  What I. have t o  r e p o r t  would no t  be too 
i n t i m a t e l y  connected with t h i s  modern sferics program. Concerning sfer ics ,  I 
would l i k e  t o  y i e l d  t o  my d i s t ingu i shed  co l l eague ,  on the  l e f t ,  who has s tud ied  
s f e r i c s  much f u r t h e r .  [Referring t o  D r .  R .  E. Holzer] . 
D r .  F r i t z :  Well, D r .  Holzer has  a chance a l i t t l e  l a t e r ,  so i f  you don ' t  mind 
9 - m  

Dr. Byers: I ' d  l i k e  t o  make a comment before  t h i s  g e t s  too f a r .  You use the 
word thunderstorm. I would l i k e  t o  know what i s  meant by t h i s .  How do you 
de f ine  thunderstorm? I don ' t  t h i n k  i t  has  any rea l  d e f i n i t i o n .  

A thunderstorm a s  such doesn ' t  have an  e n t i t y .  I t h i n k  what we a r e  
r e a l l y  t a l k i n g  abou t ,  a t  least  i n  the contex t  of s f e r i c s ,  a r e  c e n t e r s  of 
e l e c  t r i c e  1 a c t i v i t y  . 

Although I have spent  many yea r s  working on thunderstorms,  I wouldn't 
Venture a d e f i n i t i o n  of thunderstorms.  I t h i n k  r a t h e r  than s i z e ,  scope, o r  
anyth ing  e l se ,  what we want t o  r e a l l y  measure a r e  the  processes  which a r e  
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accomplished by thunderstorms, whether they be t r a n s f e r s  of water i n  the  
atmosphere, o r  t r a n s f e r s  of e l e c t r i c i t y ,  o r  t r a n s f e r s  of hea t .  I n  the case of 
s f e r i c s  we are t ry ing  t o  conclude an e l e c t r i c a l  t r a n s f e r  of some kind. 

This ,  of course,  is r e l a t e d  t o  a genera l  atmospheric dis turbance 
which we c a l l  a thunderstorm, but which has no boundaries or l i m i t s ,  nor i s  it 
even e a s i l y  def ined.  

D r .  F r i t z :  I th ink  t h a t ' s  a very good po in t .  It c e r t a i n l y  i s  very important 
f o r  us t o  consider  t h a t  i n  t h i s  meeting because the th ing  t h a t  we a r e  t a l k i n g  
about measuring from a s a t e l l i t e  i s  the  world-wide d i s t r i b u t i o n  of a s i n g l e  
quan t i ty ,  namely s f e r i c s .  The problem before us i s ,  can t h i s  be of any use 
i n  determining anything e l s e  about the atmosphere? 
I th ink ,  t h a t  a thunderstorm has a g r e a t  many d i f f e r e n t  p rope r t i e s .  I f  I 
understood a l l  the  remarks, no t  a l l  of them give rise t o  s f e r i c s .  Is t h a t  
t r u e  o r  no t?  

You pointed out  very w e l l ,  

D r .  Byers: Yes. 

D r .  F r i t z :  Then the  quest ion i s  what do we l ea rn  from s f e r i c s ?  

D r .  Holzer: May I ask you one quest ion? Wouldn't you be w i l l i n g  t o  say t h a t  
because of the  m u l t i p l i c i t y  of the  phenomena a s soc ia t ion  with the thunderstorm, 
t h a t  you might have a number of d i f f e r e n t  d e f i n i t i o n s  depending upon the  
p a r t i c u l a r  group of phenomena t h a t  you were engaged i n  a t  the  moment? 

In  o t h e r  words, the  boundaries of the  thunderstorm would not 
necessa r i ly  be the  same i f  you were looking a t  the e l e c t r i c a l  s t r u c t u r e  or 
i f  you were looking a t  such a phenomenon a s  the water t r anspor t  of thermal 
t r anspor t  o r  something of t h i s  s o r t .  

D r .  Workman: It  is  d i f f i c u l t  t o  have much of an  e l e c t r i c a l  e x h i b i t i o n  i n  a 
thunderstorm without t r a n s f e r r i n g  water and hea t .  

D r .  Byers: 
up, except t o  say  t h a t  i f  there  i s  an e l e c t r i c a l  discharge,  i t  r ep resen t s  a 
l o t  of water o r  something l i k e  t h a t .  

You c a n ' t  q u a n t i f a t i v e l y  measure the  amount of hea t  o r  water going 

Dr. F r i t z :  I th ink  we may want t o  come back t o  t h i s .  What we should do now 
i s  have D r .  Riehl t e l l  us about h i s  views of the  meteorological  impl ica t ions  
a s  divorced from s t r i c t l y  e l e c t r i c a l  p rope r t i e s  of the  atmosphere. This  was 
mentioned i n  the  previous d iscuss ion ,  but  I ' m  su re  y o u ' l l  have some a d d i t i o n a l  
po in t s .  

D r .  Riehl:  I had hoped t h a t  before you f i n a l l y  got  around t o  me t he re  would 
be somebody t a l k i n g  about what world-wide observat ions would a c t u a l l y  y i e ld  
us .  Since I d i d n ' t  know what t h a t  would be,  i n  preparing my notes ,  I s o r t  of 
had t o  write my own t i c k e t  a s  t o  what we would g e t  from the  sa te l l i t e .  

D r .  Riehl :  This  might be p r e t t y  much i n  the  dreaming c l a s s i f i c a t i o n .  From the  
viewpoint of consider ing the  genera l  c i r c u l a t i o n ,  my i n t e r e s t  i n  s f e r i c s  i s  
not i n  the  e lectr ical  f i e l d .  The sa te l l i t e  would be e s s e n t i a l l y  a t o o l  f o r  
genera l  c i r c u l a t i o n  c a l c u l a t i o n s .  It may a l s o  serve  a s  a t o o l  i n  the  
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immediate p r a c t i c a l  sense of a id ing  severe weather warnings. 
such f ea tu res  a s  the  e q u a t o r i a l  trough zone and even cold f r o n t s  i n  our 
l a t i t u d e s  which even over the  cont inents  o f t e n  a r e  not  too well described and 
which one tends t o  lose on the sur face  c h a r t  a f t e r  they move i n t o  the  
s u b t r o p i c a l  oceans. Then, qu i t e  o f t en ,  a new cen te r  of a c t i v i t y  starts on the  
f r o n t  and t h i s  may be picked up w i t h  the  s f e r i c s  method qu i t e  e f f e c t i v e l y .  

This may include 

I n  order t o  proceed with genera l  c i r c u l a t i o n  computations, we have 
t o  make seve ra l  assumptions t o  decide whether s f e r i c s  observat ions would be 
a u se fu l  measurement with which t o  opera te .  The most important assumptions 
are : 

(1) The p r i n c i p a l  p r e c i p i t a t i o n  i n  the  Tropics  occurs i n  thunderstorm 
form where s f e r i c s  would be measureable. 

(2) The s a t e l l i t e  is  capable of giving a t  least a frequency-area 
ind ica t ion  of s f e r i c s  occurrence.  

These assumptions remain t o  be proven. I th ink  the  poin t  has a l ready  
been made here ,  t h a t  a sferics parameter must be assumed t o  be propor t iona te  
t o  p r e c i p i t a t i o n .  A series of experiments may be needed t o  e s t a b l i s h  whether 
such a cornect ion can be e s t ab l i shed .  It seems reasonable t o  me t h a t  a 
p ropor t iona l i t y  needs t o  be found i f  there  is t o  be a use fu l  input  i n t o  
genera l  c i r c u l a t i o n  by the  s f e r i c s  system. 

We now consider  some kind of a noise  l e v e l  and perhaps i s o l a t e  the 
major p a r t  of the  non-stat ionary po r t ion  of p r e c i p i t a t i o n .  This  p r e c i p i t a t i o n  
can be r e l a t e d  t o  what has been r e fe r r ed  t o  as the  "hot tower hypothesis".  
Severa l  years  ago D r .  Malkus and I asked what kind of a hea t  f l u x  i s  necessary 
i n  the  Tropics ac ross  the  500-mb. sur face  i n  order  t o  produce a heat  flux 
l a rge  enough to  give a hea t  balance i n  the  upper p a r t  of the  troposphere and 
have enough l e f t  over f o r  the  known heat  export  from the  Tropics .  It was 
pos tu la ted  t h a t  t h i s  hea t  f l u x  was c a r r i e d  by the  la rge  clouds extending t o  
30,000 - 50,000 f e e t .  We then found from the dimension of c e l l s ,  e s s e n t i a l l y  
obtained from e p i r i c a l  knowledge, t h a t  the number of la rge  clouds m8t be of 
the  order of 10 . These are not  i nd iv idua l  c e l l s ,  but r a t h e r  arge clouds 
with a r e a  from 10 t o  100 square k i lometers .  Thi  f igu re  of 10 clouds a p p l i e s  
t o  a 10' l a t i t u d e  band near  the  equator .  
o rder  of  one per  mill of the  a r e a  of t he  b e l t .  

5- 4 
4 The 10 cells would OCCUPY on the  

We suppose t h a t  the mass flowing i n t o  the  Tropics from the  higher  
l a t i t u d e s  ascends i n  these clouds,  hence only i n  a very small f r a c t i o n  of the  
t r o p i c a l  a r e a .  The inf low extends from the  sur face  t o  about 700 mb; the  
outflow from the  Tropics  c e n t e r s  near  200 mb. 

I f  the  a i r  moving i n t o  the  Tropics  is heated t o  temperature 
c h a r a c t e r i s t i c  of the  e q u a t o r i a l  zone over the  oceans and has a l s o  acquired 
a corresponding moisture conten t ,  then a scen t  of t h i s  a i r  t o  the  high 
troposphere w i l l  account f o r  very nea r ly  a l l  the  v e r t i c a l  hea t  f l u x  
requirements,  t h a t  is, wi th in  15 - 20%. It is arguable  whether t h i s  d i f f e rence  
is due t o  unce r t a in ty  of  observat ions o r  is due t o  ex is tence  of another  
e s s e n t i a l  mechanism, such as r e c i r c u l a t i o n  and hea t  t r a n s f e r  upwards by means 
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of downdraft a i r  o r i g i n a t i n g  i n  thunderstorms which would come down t o  the  
Ocean sur face ,  p ick  up more hea t  and go up aga in .  There are o the r  p o s s i b i l i t i e s .  
For ins tance ,  l a s t  year  I had the  opportuni ty  t o  eva lua te  a number of i n f r a red  
radiometer soundings which had been taken by Suomi i n  the  Caribbean Sea. These 
showed t h a t  the in f r a red  cool ing between 500 mb. and 100 mb. w a s  less than 
previously assumed. I f  I would use the  new r a d i a t i o n  da ta  and assume v a l i d i t y  
throughout the Tropics (which may not  be t r u e ) ,  then the  upward hea t  t r a n s f e r  
from hot  towers would be s u f f i c i e n t  t o  give hea t  balance i n  the  upper 
troposphere and account f o r  the  hea t  f l u x  t o  higher  l a t i t u d e s  without any 
f u r t h e r  need f o r  recyc l ing  of a i r  v e r t i c a l l y  i n  the  Tropics .  

D r .  Workman has prev ious ly  mentioned 2,000 thunderstorms going on 
a t  the  same time. Here the  same order  of  magnitude is obtained through qu i t e  
d i f f e r e n t  reasoning. This g ives  an  i n t e r e s t i n g  connection and a t  l e a s t  some 
chance t h a t  the  estimates are c o r r e c t .  

Assuming a l l  of the  foregoing is  v a l i d ,  the  major p r e c i p i t a t i o n  
occurs i n  la rge  clouds; v a r i a t i o n s  a r e  r e l a t e d  t o  v a r i a t i o n s  of the  genera l  
c i r c u l a t i o n  and s f e r i c s  measurements can p ick  up the  la rge  clouds and t h e i r  
d i s t r i b u t i o n  i n  t i m e  and space.  We can now say what we might l ike t o  e x t r a c t  
from t h i s  information a s  parameters f o r  following changes of the  genera l  
t r o p i c a l  c i r c u l a t i o n .  

Here of course,  the  dreaming p a r t  comes i n .  We should have an 
i n t e n s i t y  measurement of the la rge  clouds,  i n  order t o  measure the  s t r e n g t h  
of the  t r o p i c a l  hea t  source with the proposed equipment. 

I f  you g e t  a cons tan t  s a t e l l i t e  monitoring system and have a l l  
a r e a s  cons t an t ly  under observat ion we should g e t  an in t eg ra t ed  24-hour 
t r o p i c a l  value,  say  f o r  loo l a t i t u d e  b e l t s  from 30°N. t o  3OoS., with frequency 
and i n t e n s i t y  of l a rge  clouds a s  a func t ion  of time. Fur ther ,  there  can be 
r eg iona l  breakdowns and a l s o  s p e c i a l  coordinate  systems, f o r  ins tance  a t tached  
t o  the  e q u a t o r i a l  trough, f o r  summarization of the  d a t a .  

D r .  Byers: I j u s t  wanted t o  a s k  about one po in t .  You mentioned frequency 
and i n t e n s i t y .  
o r  o the r  dynamic process ,  don ' t  you need dura t ion  i n  the re  a l so?  In o the r  
words, you g e t  i t  over a per iod of t i m e ,  o r  do you p r e f e r  t h a t  t h i s  i s  

I f  you are going t o  make a determinat ion of the  hea t  process ,  

included i n  your i n t e n s i t y  frequency? 

D r .  Riehl:  I th ink  t h a t  we should have a 24-hour accumulation t o  ob ta in  
in t eg ra t ed  va lues .  

D r .  Byers: One wonders i f ,  f o r  example, the  atmosphere under c e r t a i n  condi t ions  
i s  capable of accomplishing a c e r t a i n  amount of t o t a l  t r anspor t  over a long 
per iod of t i m e  and over a l a rge  area versus  over a s h o r t  per iod of time of 
over a small area? 

D r .  F r i t z :  I don ' t  know whether you a r e  thinking of a s a t e l l i t e  i n  t h i s  case 
or no t .  Is your po in t  t h a t  a sa te l l i t e  would be over a p a r t i c u l a r  po in t  f o r  
a s h o r t  i n t e r v a l  of time and wouldn't sample the  e f f e c t  of the  whole th ing?  
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D r .  Byers: I'm not thinking about s a t e l l i t e s ,  p a r t i c u l a r l y .  Of course,  the 
s a t e l l i t e  would measure what I am t a lk ing  about,  I suppose, but un less  the 
sa te l l i t e  can give you a time re so lu t ion  by repeated measurements on something, 
you wouldn't ge t  t h i s  in tegra ted  f a c t o r .  

D r .  Riehl: I ' m  t a l k i n g  e s s e n t i a l l y  i n  terms of a sa te l l i t e  series where 
eventua l ly  you would have a l l  a r eas  under observat ion continuously.  
even a s i n g l e  o r b i t i n g  s a t e l l i t e  w i l l  c o l l e c t  a large enough sample per  day 
t o  y i e ld  one in tegra ted  value.  

However, 

D r .  Workman: I should l ike t o  make one sugges t ioa  about the  use of t h i s  
i n f o r m t i o n  f o r  determination of the  heat  flow. It  might be a way t o  f ind  
t h i s  15% which you mentioned. 

One must necessa r i ly  involve the amount of p r e c i p i t a t i o n  here  i n  
order  t o  make one 's  c a l c u l a t i o n .  The important th ing  t o  not ice  is t h a t  not  
a l l  p r e c i p i t a t i o n  from cloud bases g e t s  t o  the ground, and t h a t  a l l  
p rec ip i t a t ion -ac t ion  does involve the  t r a n s f e r  of hea t .  

This  is  va r i ab le  over a l l  p a r t s  of the  e a r t h .  For example, i n  New Mexico, 
I would make s o r t  of an educated guess t h a t  i f  you could def ine  some kind of a 
moment by mul t ip ly ing  p r e c i p i t a t i o n  times the  he igh t  t h a t  i t  f a l l s ,  the  t o t a l  
moment of p r e c i p i t a t i o n  t h a t  does not  g e t  t o  the  ground would be g r e a t e r  than 
t h a t  which reaches r a i n  gages. 

This is l e f t  out  of t h i s  c a l c u l a t i o n .  In f a c t  any involvement, any 
process of separa t ion  of hydrometeors by g rav i ty  does involve a hea t  t r a n s f e r  
v e r t i c a l l y .  This  unrecorded p r e c i p i t a t i o n  is very large i n  our belt of the 
country,  and i t  must be considerable  over a l l  p a r t s  of the e a r t h .  

As f o r  the  v e r t i c a l  t r a n s f e r  of hea t ,  p r e c i p i t t t i o n  which f a l l s  a 
s h o r t  way and evaporates  i n t o  warmer a i r  having been condensed a t  a high 
a l t i t u d e  has a l o t  t o  do with hea t  t r anspor t  t h a t  must be a t  l e a s t  the  157, 
i n  your ca l cu la t ion ,  probably more. 

D r .  Riehl:  I have t r i e d  t o  make a c a l c u l a t i o n  of t h i s  kind. Of course,  you 
r e a l i z e  t h i s  was done for an e q u a t o r i a l  zone, and a s i t u a t i o n  l i k e  New Mexico 
w a s  not involved. Over the  t r o p i c a l  oceans the depth of the  eub-cloud layer  
is only 1600-2000 f e e t ;  the  a i r  i s  moist and there  is  l i t t l e  chance of 
evaporat ion.  

The main purpose of the c a l c u l a t i o n  was determinat ion of the  role 
of release of l a t e n t  hea t  of fusion f o r  v e r t i c a l  hea t  flow. With such release 
a t  high l e v e l s ,  the  f rozen mat te r  drops and melts aga in  a t  lower l e v e l s .  This 
produces a heat  f l u x  upward. Lacking da ta  we t r i e d  t o  make an  es t imate  of 
the  magnitude of the  e f f e c t  by taking a la rge  quan t i ty  of water up, le t  i t  
f r eeze  and then f a l l  down t o  the  low troposphere.  We f ind  t h a t  the  hea t  f l u x  
would account only f o r  about 4% of the  t o t a l  required us ing  very la rge  values .  

D r .  Byers: 
and is evapora t ing ' regard less  of where it i s .  You j u s t  see  i t  more i n  New 
Mexico, because you have a l l  of t h i s  space between the  base and the  cloud. 

Might I remark t h a t  a l l  p r e c i p i t a t i o n  is separated g r a v i t a t i o n a l l y  
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D r .  F r i t z :  You don ' t  take account of i t  when you a r e  measuring r a i n f a l l .  

D r .  Riehl: You don ' t  use r a i n f a l l  i n  t h i s  type of c a l c u l a t i o n .  Essen t i a l ly  
you c a l c u l a t e  the conversion of water vapor. This gives  you the maximum 
amount of water ava i l ab le  f o r  condensation about the f reez ing  l e v e l  o r  higher .  
L e t  t h i s  water f a l l  from the  high l e v e l s  and evaporate before i t  reaches the 
ground. This w i l l  reduce the p r e c i p i t a t i o n  a t  the sur face  and i t  w i l l  produce 
a t r a n s f e r  from sens ib l e  t o  l a t e n t  hea t  wi th in  the lower atmosphere. A n e t  
change i n  the  hea t  content  of the  lower atmosphere w i l l  not  r e s u l t ,  only a 
thermodynamic change. Some mechanism has been ind ica ted  f o r  the  r e d i s t r i b u t i o n  
of hea t  such a s  the  downdraft which i n i t i a t e s  v e r t i c a l  cyc l ing  of a i r .  This 
mechanism was a c t u a l l y  used by taking the downdraft t o  the  sur face  permi t t ing  
hea t  flow from the  ocean t o  take place i n t o  the r e l a t i v e l y  cold a i r ,  both 
l a t e n t  and sens ib l e  hea t ,  u n t i l  the  mass became buoyant upward. This mechanism 
e a s i l y  permits a 10-15% increase i n  upward heat  f l u x .  

D r .  Byers: I might j u s t  po in t  out  t h a t  the  t o t a l  p r e c i p i t a t i o n ,  the 
p r e c i p i t a t i o n  measured a t  the  ground, represents  the  t o t a l  hea t  r e l ease  t o  the  
atmosphere. 
of the heat  wi th in  the atmosphere. 

The p a r t  t h a t  evaporates  on the  way down rep resen t s  a r e d i s t r i b u t i o n  

D r .  F r i t z :  Coming back t o  the  quest ion of whether or not  we take i n t o  account 
some of the d e t a i l s  of the v e r t i c a l ,  can s f e r i c s  t e l l  us something about these 
th ings?  In  o t h e r  words ,  i f  we had these s f e r i c s  measurements over the oceanic 
Tropics ,  can we es t imate  any of these quan t i t i e s?  

D r .  Holzer: This  bears  on some remarks I had planned t o  make l a t e r  i n  the  
meeting, but  I would be glad t o  introduce the  sub jec t  now. 

Dr. F r i t z :  Perhaps f o r  j u s t  a minute i n  case any o the r  people have quest ions 
along t h i s  l i ne .  Why d o n ' t  you do t h a t  and it  may r a i s e  o the r  ques t ions .  

D r .  Holzer: A t  the  present  time the re  i s  no completely s a t i s f a c t o r y  index of 
thunderstorm a c t i v i t y  based upon s f e r i c s  observa t ions .  There i s  not even a 
c l e a r  d e f i n i t i o n  of the i n t e n s i t y  of a thunderstorm, but I be l ieve  t h a t  most 
i n v e s t i g a t o r s  i n t e r e s t e d  i n  e l e c t r i c a l  phenomena would a s s o c i a t e  storm i n t e n s i t y  
with the  power generated by the storm. There i s ,  of course,  a crude index of 
thunderstorm power i n  the  frequency and i n t e n s i t y  of the  l i gh tn ing  s t r o k e s .  
This  i s  due t o  the f a c t  t h a t  the  energy of charge sepa ra t ion  i n  the storm 
(by whatever mechanism one may pos tu l a t e )  is supplied by the storm. 
the  rate of  d i s s i p a t i o n  of charge by l i gh tn ing  is d i r e c t l y  r e l a t e d  t o  storm 
power. 

Accordingly, 

There have been a number of a t tempts  t o  der ive  meteorological  
'-.J, information from s f e r i c s  measurements. One i n t e r e s t i n g  at tempt  of t h i s  type 

is described by Brook and Kitagawa In the Journa l  of Geophysical Research 
about two years  ago. 

D r .  F r i t z :  
Is t h i s  everything? 

Could you c l a r i f y  what you mean by thunderstorm power o r  energy? 

Dr. Holzer: I was thinking pr imar i ly  of the  r a t e  0f"generat ion of mechanical 
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I anergy. Brook and Kitagawa t r i e d  t o  c o r r e l a t e  s t roke  dura t ion  and frequency 
of occurence of s t rokes  with meteorological parameters of the storm. They 
noted t h a t  s t roke  dura t ion  was related t o  the v e r t i c a l  d i s t r i b u t i o n  of charge 
i n  the  cloud and, hence, t o  v e r t i c a l  convection. They found some evidence 
to  ind ica t e  t h a t  s t roke  frequency w a s  a measure of the ho r i zon ta l  a e r i a l  
e x t e n t  of the storm. This work o f f e r s  some hope f o r  ob ta in ing  s i g n i f i c a n t  
meteorological  information from e l e c t r i c a l  observat ions.  

Work of t h i s  type should be extended i n  seve ra l  ways. 
, observat ions a r e  to  produce gene ra l i za t ions ,  measurements must be made i n  
o the r  geographical regions,  p a r t i c u l a r l y  i n  the Tropics where more than ha l f  
of a l l  thunderstorms occur.  It is a l s o  poss ib le  t h a t  a d d i t i o n a l  types of 
measurements such a s  s f e r i c s  amplitudes and s p e c t r a l  energy d i s t r i b u t i o n s  
could provide f u r t h e r  i n s i g h t  i n t o  the problem of meteorological i n t e r p r e t a t i o n .  
F ina l ly ,  i f  the results are t o  be appl icable  to  sa te l l i t e  tnta8urements, the  
cha rac t e r  of the  s f e r i c s  s i g n a l s  a t  f requencies  i n  excess  of 20 megacycle8/ 
second must be explored more f u l l y .  

I f  the 

I n  s h o r t ,  there  is  now no nea t ly  packaged a n s e r  t o  the quest ion of 
how t o  i n t e r p r e t  s f e r i c s  records i n  terms of storm c h a r a c t e r i s t i c s ,  but there  
is hope t h a t  some type of answer may be obtained.  

D r .  Riehl: It would r equ i r e  a g r e a t  dea l  of ingenui ty  and e f f o r t  because 
one should look c a r e f u l l y  a t  a l l  the  parameters t h a t  a r e  l i k e l y  t o  provide 
c lues  concerning storm c h a r a c t e r i s t i c s .  

D r .  Riehl:  On the  o the r  hand, as long a8 10 years  ago, we discussed a t  some 
length the  e a r t h ' s  charge measured from the  ground including i ts  v a r i a t i o n  
from day to  day, world-wide, and a l s o  d i r e c t i o n a l  with respec t  t o  c e r t a i n  
a r e a s .  I don ' t  know t o  what e x t e n t  t h i s  has been c a r r i e d  f u r t h e r .  

Dr. Holeer: It is t r u e  t h a t  the  atmospheric e l e c t r i c  f i e l d  i n t e n s i t y  o r  
charge dens i ty  a t  the sur face  of the  e a r t h  and the  a i r - to -ea r th  cu r ren t  
d e n s i t y  a r e  con t ro l l ed  pr imar i ly  by world-wide thunderstorm a c t i v i t y .  The 
d i f f i c u l t y  lies i n  the  f a c t  t h a t  l o c a l  meteorological  condi t ions  may produce 
pe r tu rba t ions  i n  the  records which may mask the  world-wide e f f e c t .  Use of 
atmospheric electrical  measurements f o r  determining the relative numbers of 
world thunderstorms would requi re  ideal condi t ions  not  e a s i l y  obtainable  a t  
most p laces  on the  sur face  of the e a r t h  and never obta inable  a t  any one p lace  
a l l  of the  time. 

Another approach t o  the  problem of a s ses s ing  world-wide thunderstorm 
a c t i v i t y  from a s i n g l e  loca t ion  might be mentioned. Some years  ago O.E. Deal 
and I did some work on extremely l o w  frequency s f e r i c s .  We found a nea r ly  
l i n e a r  c o r r e l a t i o n  between the  d i u r n a l  v a r i a t i o n s  of the in t eg ra t ed  s i g n a l  
i n  the  frequency range from 30 - 120 cycles/eecond and the  d iu rna l  v a r i a t i o n  
of wor ld  thunderstorm a c t i v i t y .  Such measurements would o f f e r  more hope of 
providing an index of the  number of storms i n  progress ,  bu t  a r e n ' t  you a l s o  
i n t e r e s t e d  i n  the  d i s t r i b u t i o n  of these  storms over the sur face  of the  e a r t h ?  

D r .  Riehl:  The f i r s t  parameter I worked on w a s  o v e r a l l  d a i l y  index. 
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D r .  Holzer: There is some hope of g e t t i n g  t h i s  information from extremely 
low frequency s f e r i c s  a l though there  are some d i f f i c u l t i e s  here ,  too .  Sola r  
f l a r e s  and o the r  phenomena may a f f e c t  the p r o p e r t i e s  of the  earth-ionosphere 
"wave guide'' and thus a f f e c t  s i g n a l  a t t enua t ion .  

D r .  Jones: May I a s k  what you mean by high frequency? 

D r .  Holzer: When I spoke of "high frequencies" earlier,  1 was r e f e r r i n g  t o  
s i g n a l s  i n  the  megacycle range which would. pene t ra te  the  ionosphere. A la rge  
f r a c t i o n  of the  s f e r i c s  measurements have been made i n  the  very low frequency 
range between 3 and 30 ki locycles/second.  
lower po r t ion  of the  extremely low frequency range, p a r t i c u l a r l y  from 30 t o  
120 cycles/second. 

My l a s t  remarks concerned the  

Dr. F r i t z :  May I c l a r i f y  one po in t  you j u s t  made with regard t o  D r .  R ieh l ' s  
reques t  f o r  the  world-wide d i s t r i b u t i o n ?  You implied t h a t  you could do t h i s  
with low frequency, and t h i s  means the  measurements from the  ground? Is t h a t  
what you mean? 

D r .  Holzer: Yes, made on the ground. 

D r .  F r i t z :  You mean, you th ink  you can g e t  world-wide d i s t r i b u t i o n  and average - -  
D r .  Holzer: L e t  me qua l i fy  the statement. The r e s u l t s  we obtained exh ib i t ed  
good c o r r e l a t i o n  with average meteorological  s t a t i s t i c s  on the d iu rna l  v a r i a t i o n  
of the  numbers of thunderstorms i n  progress  only during c e r t a i n  months 
of the  year  when there  were r e l a t i v e l y  f e w  thunderstorms nearby, t h a t  is, on 
the  North American cont inent .  
observed when the  thunderstorms are a t  g r e a t  d i s t ance .  I f  t h i r  were t o  be 
done on a cont inuing b a s i s  one would need a po la r  s t a t i o n ,  probably i n  
Antarc t ica ,  where the  major thunderstorm cen te r s  are q u i t e  d i s t a n t .  

The 'p ropor t iona l i t y  I spoke of can only be 

D r .  F r i t z :  And t h a t  one s t a t i o n  would give you something of the  order  t h a t  
Dr. Riehl  wants? 

D r .  Holzer: I pointed ou t  a lso t h a t  t he re  were some l i m i t a t i o n s  a s soc ia t ed  
with v a r i a t i o n s  i n  the  ionosphere. Since the causes of the  important v a r i a t i o n s  
i n  the  propagation of extremely low frequencies  are i n  the  lowest p a r t  of the  
ionosphere, e s p e c i a l l y  the  D region,  I be l ieve  t h a t  the  d i f f i c u l t i e s  would 
not  be too severe.  

D r .  Riehl: I may say  t h a t  th ings  a r e n ' t  q u i t e  as bad as D r .  Holzer pointed 
ou t .  I th ink  t h i s  is l a r g e l y  because r a d i o  engineers  don ' t  speak t o  
meteorologis ts ,  and meteorologis ts  don ' t  speak t o  r a d i o  engineers .  

D r .  F r i t z :  This  is one reason why everybody i s  in t he  same r o o m  now. 

Dr. Pierce: I would say  t h a t  we now have a f a i r l y  good idea of the  noise  
spectrum of frequency of a thunderstorm. We know i t  b e s t ,  as D r .  Holzer 
po in t s  out, i n  the  VLF range and a t  10 kc/sec. ;  but t he re  have been q u i t e  a 
l o t  of simultaneous VLF rraeasurements a t  about 10 mc./sec. ,  and the re  have a l s o  
been other measurements but they a r e  r a t h e r  i s o l a t e d  ones. One can almost 



- 13 - 

d e f i n e  t h e  spectrum as vary ing  inve r se ly  wi th  the  frequency,  

Dr. Holzer: Do you mean the  amplitude o r  power spectrum? 

D r .  P ie rce :  The power spectrum vary ing  i n v e r s e l y  wi th  the  frequency. 

D r .  Holzer: I b e l i e v e  t h i s  is r i g h t  and i t  is c o n s i s t e n t  wi th  a t h e o r e t i c a l  
s tudy  by H i l l .  

D r .  F r i t z :  Could you c l a r i f y  what frequency is r ada r  frequency3 

Voice: Three cen t ime te r s ,  lo lo  cyc le s / sec .  I th ink .  10 4 mc./sec. - 
4 D r .  F r i t z :  I see. Measurements have been made up t o  10 mc./sec. 

Dr. Holzer: L e t  me  c l a r i f y  a s ta tement  t h a t  I made. I believe D r .  P i e r c e  
and I are no t  as f a r  a p a r t  as one might assume. I a m  aware t h a t  cons iderable  
information has been gathered by r a d i o  eng inee r s .  Most of t h e i r  work has  
been d i r e c t e d  toward s tudying  no i se  level. Such information,  while  u s e f u l  i n  
p r a c t i c a l  communications problems, te l ls  l i t t l e  about  the c h a r a c t e r  of 
i n d i v i d u a l  s t r o k e s  o r  the  d i s t a n c e  of such s t r o k e s .  I f  one i s  i n t e r e s t e d  i n  
meteorologica1 i n t e r p r e t a t i o n  one must use da t a  d i f f e r e n t  i n  kind from t h a t  
gathered by r a d i o  eng inee r s .  It  is not  a matter of r e fus ing  to speak t o  the  
r a d i o  eng inee r s ;  i t  is  r a t h e r  t h a t  t h e i r  d a t a  is not  i n  a form most s u i t a b l e  
for t h e  purpose a t  hand. 

D r .  P i e rce :  We have two th ings  h e r e .  We have the  rou t ine  r a d i o  no i se  
measurements of the  r a d i o  eng inee r .  We a l s o  have a few r a d i o  research  
eng inee r s ,  who are g e t t i n g  VLF impulses and multimegacycle impulses .  

D r .  Holzer: A good example of the  type of  work done by research  engineers  t o  
which D r .  P i e r c e  r e f e r s  i s  t h a t  of  Horner i n  Slough, England. He has made 
s imultaneous measurements of s f e r i c s  i n  narrow frequency bands centered  a t  
11 mc. / sec .  and 6 k c . / s e c .  He found t h a t  t he  h igh  frequency and low frequency 
r eco rds  do no t  correspond t o  each o t h e r  i n  d e t a i l .  For example, the  r e t u r n  
s t r o k e  which is  the  major source of e lec t romagnet ic  r a d i a t i o n  i n  the  k i locyc le  
range produces l i t t l e  r a d i a t i o n  i n  the  megacycle range .  Horner w a s  unable t o  
make d e f i n i t e  i d e n t i f i c a t i o n  of the  megacycle r a d i a t i o n  wi th  s p e c i f i c  processes  
i n  the  l i g h t n i n g  s t r o k e .  C l e a r l y  more work needs t o  be done on t h i s  problem. 

S tud ie s  of the type c a r r i e d  on by Horner and o t h e r s  a r e  f a r  more 
important t o  meteoro logica l  i n t e r p r e t a t i o n  of s a t e l l i t e  records  than noise  
l e v e l  measurements which a r e  p r i n c i p a l l y  u s e f u l  f o r  the  communications 
eng inee r .  

D r .  Workman: May I a s k  D r .  Holzer a ques t ion?  Wouldn't you say  t h a t  even 
though you know t h e  no i se  spectrum you s t i l l  have the ques t ion  of how t o  
r e l a t e  t h i s  t o  l i g h t n i n g  s t r o k e s ?  Then once you have done t h a t ,  you have 
ano the r  ques t ion  of how t o  re la te  those t o  charge s e p a r a t i o n .  

D r .  Holzer: We do n o t  y e t  have enough information t o  do t h i s .  More c o r r e l a t e d  
measurements are necessa ry .  
r eco rds  do no t  look a t  l i g h t n i n g  and thunderstorms and v i ce  v e r s a .  

Unfor tuna te ly ,  most people who look a t  s f e r i c s  
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D r .  F r i t z :  D r .  Jones wants t o  t e l l  u s  something b r i e f l y .  

D r .  Jones:  Here are  photographs t h a t  were taken a t  4 : O O  o ' c l o c k  l a s t  Fr iday 
morning of a cloud-to-cloud s t r o k e  i n  a r a t h e r  minor thunderstorm. 
of obse rva t ion  i s  p r i m a r i l y  150 k c . / s e c .  

My a rea  

We have four  o r  f i v e  s f e r i c s  s o u r c e s .  O f  course  one is the  cloud- 
to-ground s t r o k e  wi th  which you are a l l  f a m i l i a r  t h a t  t u r n s  out  a r i c h  frequency 
con ten t  a t  150 k c . / s e c . ,  and we have a cloud-to-cloud s t r o k e .  I n  the  photograph 
t h a t  is going around y o u ' l l  n o t i c e  t h e r e  i s  one streamer i n  the re  t h a t  repea ted  
i t s e l f  f i v e  times. 

Th i s  was taken wi th  a f i l m  s t r i p  camera where the f i l m  is moving 
cont inuous ly  p a s t  t he  l ens .  The l i t t l e  d o t s  t h a t  you see on t h e r e  are l / lO th  
second s e p a r a t i o n s .  The p i c t u r e  i t s e l f  is about  1 second d u r a t i o n .  

The t h i r d  source i s  what D r .  Holzer t e l l s  me I should c a l l  the  
, tornado pu l se  gene ra to r .  I have been c a l l i n g  it  the  tornado o s c i l l a t o r .  We 

be l i eve  t h a t  the  tornado pulse  gene ra to r  is a v e r t i c a l  d i scharge  ahout  1/2 
m i l e  i n  length  a t  a n  a l t i t u d e  of some 15,000 f e e t .  We need t o  know more about  
t h i s  phenomenon. The pu l se  gene ra to r  hovers  above the  tornado funnel  when the 
funnel  i s  a c t i v e  and o r i g i n a l l y  forms from a h a l f  hour t o  an  hour before  the  
tornado forms. During the  e x i s t e n c e  of the  funnel  the  d ischarge  is o f t e n  
cont inuous .  

This  l i t t l e  dev ice ,  the tornado pulse  gene ra to r ,  appears  a s  a glow 
on the  s ide  of the  c loud .  You c a n ' t  a c t u a l l y  see the d ischarge  because i t  is 
way i n s i d e  the  cloud s t r u c t u r e .  It t u r n s  out  f r equenc ie s ,  we f i n d ,  above 125 
kc.  /sec. 

When t h i s  t h i n g  forms, t he  cloud-to-ground l i g h t n i n g  almost  ceases  
t o  e x i s t .  A t  a later t i m e  when t h e  tornado a c t i v e l y  ceases, and t h e r e  i s  
less energy genera ted ,  cloud-to-ground s t r o k e s  and cloud-to-cloud s t r o k e s  
a g a i n  become p r e v a l e n t .  During the  tornado a c t i o n ,  however, f o r  c e r t a i n  
types of  t o r n a d i c  s torms ,  t he  o s c i l l a t o r  absorbs  a major percentage of the  
a v a i l a b l e  energy.  

The f o u r t h  type t h a t  I desc r ibed ,  i s  the  f l a r e  type d i scha rge ,  which 
i s  q u i t e  r a r e  and c o n s i s t s  of a mul t i tude  of h o r i z o n t a l  s t r o k e s  overunning the 
cloud mass a t  18,000 t o  20,000 f e e t .  Th i s  d i scharge  is  cha rac t e r i zed  by some 
40 t o  50 d i r e c t i o n a l  p ips  per  second a t  150 k c . / s e c .  

A i r  Force men who have flown above i t ,  say  t h a t  when they  look down 
on it, i t ' s  a sea o f  f i r e  underneath about  10 miles wide. I n  o t h e r  words i f  
you look down on the  t h i n g ,  you w i l l  see a plane of h o r i z o n t a l  d i scha rges  
about  10 miles wide. 

Once more, we don ' t  have any measurements on t h i s  as  y e t  except  for 
t h e  150 kc . / s ec .  df count .  We do know t h a t  t he  150 kc . / s ec .  con ten t  i s  very  
s t r o n g ,  and t h a t  t he  10 kc . / s ec .  con ten t  i s  almost  non-exis ten t .  That  i s  why 
I am sugges t ing  now, i n  t h i s  d i scuss ion  t h a t  t he  150 k c . / s e c .  frequency be 
s e r i o u s l y  considered i n  the  sa te l l i t e  program. I t h i n k  t h a t  t h i s  150 kc . / s ec .  



- 15 - 

w i l l  propagate up t o  the s a t e l l i t e  and r e a l l y  give you your bes t  measurements. 

, D r .  Holzer: I would l i k e  t o  comment on Dr. Jones '  remarks. One would have 
g rea t  d i f f i c u l t y  i n  observing a s f e r i c s  s i g n a l  of 150 kc . / s ec .  i n  a s a t e l l i t e .  
The hopeful aspec t  of h i s  observat ions is  t h a t  i n  the types of discharges t o  
which he r e fe r r ed  the  power i n  high k i locyc le  range i s  much g r e a t e r  than i n  
the  low k i locyc le  range. I f  a corresponding increase of power were a l s o  found 

( . '  i n  the higher  megacycle range which pene t r a t e s  the ionosphere,  i t  would be of 
' importance i n  s a t e l l i t e  observat ions.  

D r .  Ligda: I think i t  is going t o  be qu i t e  d i f f i c u l t  t o  j u s t i f y  a s f e r i c s  
s a t e l l i t e  experiment on the bas i s  of poss ib le  meteorological information which 
may be obtained a t  t h i s  s tage  of our knowledge. 

We don ' t  know enough about the  r e l a t i o n s h i p  between the thunderstorm 
A s  D r .  Riehl a c t i v i t y  and o the r  var ious phenomena i n  the general  c i r c u l a t i o n .  

pointed ou t ,  we have t o  make some r a t h e r  bold assumptions t o  ge t  on t o  t h i s  
l i s t .  This i s  work which probably can much more r e a d i l y  and much less 
expensively be done with conventional sur face  observa t ions .  

I ' m  th inking ,  I ' m  a f r a i d ,  i n  terms of the  l o g i s t i c s  of the  s a t e l l i t e  
and which are qu i t e  s e r i o u s .  
experiment, f o r  example, t ry ing  t o  loca te  a po in t  on the e a r t h ,  using the 
longer r ad io  waves is going t o  be qu i t e  a t r i c k  t o  loca te  s t rokes  with accuracy. 

While we know the phys ica l  c o n s t r a i n t s  on the  

I wonder i f  we shouldn ' t  be o r i e n t i n g  our thinking more i n  terms of 
the geophysical experiment a t  t h i s  s t age ,  and decide what we can do with a 
s f e r i c s  de t ec t ing  s a t e l l i t e  t h a t  c a n ' t  b e t t e r  be accomplished on the ground. 
Then, when we ge t  one up there  and see what we have, m can th ink  more i n  
terms of reshaping the experiment t o  g e t  meteorological information. 

D r .  F r i t z :  
l imi t a t ions  

D r .  Ligda: 
and around. 

D r .  F r i t z :  

Right now we were t a l k i n g  about what we could do i f  we had no 
placed upon us. 

We have very d e f i n i t e  l i m i t a t i o n s .  The s a t e l l i t e  has t o  go out  

These l imi t a t ions  a r e  going t o  be discussed i n  due course.  

D r .  Nordberg: I would l i k e  t o  look a t  both po in t s  t h a t  were made by Professor  
Riehl .  The f i r s t  was discussed very b r i e f l y  and i t  came up here aga in .  The 
second one was the genera l  c i r c u l a t i o n .  

The first one, I be l i eve ,  w a s  t o  use the  s a t e l l i t e  measurements f o r  
a severe storm warning, f o r  ins tance .  I would l ike t o  hear  some discuss ion  
on what the  advantages of a sa te l l i t e  would be i n  t h i s  respec t  over a ground 
based system. Aren't  we t a l k i n g  about some rather l i m i t e d  areas very much in 
c o n t r a s t  t o  hur r icanes  where we were t a l k i n g  about very v a s t  areas where we 
don' t  have any information? 

I f  we are t a l k i n g  about areas such as, say,  the  southoaclt or any 
o t h e r  p a r t  of the United S t a t e s ,  or some o t h e r  f a i r l y  populated areas where we 
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a r e  i n t e r e s t e d  i n  severe storm warning, would a ground based s f e r i c s  system 
not  do the same th ing ,  and do it perhaps more e f f i c i e n t l y  with b e t t e r  coverage? 

D r .  Riehl:  I n  the f i r s t  p lace ,  we are not j u s t  concerned here  with a small 
area I n  a heavi ly  populated country.  
ins tance ,  the  so-called e q u a t o r i a l  trough zone which extends ac ross  the  oceans. 
From the  sa te l l i t e  you ge t  some i n d i c a t i o n  t h a t  there  is  such a zone. 

Consider something qu i t e  d i f f e r e n t ,  f o r  

Quite o f t e n  there  may be j u s t  a conglomeration of low clouds which 
do not  amount t o  very much. But photographical ly  from above the  s i t u a t i o n  
may look poten t .  From the  viewpoint of opera t ions  the degree of i n t e n s i t y  of 
convection would be a very use fu l  th ing  t o  know. I f  you find t h a t  the  
r a d i a t i o n  da ta  are qu i t e  s a t i s f a c t o r y  i n  descr ib ing  everything we want i t  i s  
t i m e  t o  q u i t .  

DK.  F r i t z :  You uean l i k e  the  e q u a t o r i a l  trough? 

D r .  Riehl:  I a m  th inking  of poss ib le  consequences. With re ference  to  the 
Un i t ed .S ta t e s ,  t he re  is o f t e n  no information on th ings  t h a t  happen outs ide  
the  border.  S t o m s  may suddenly move i n  on the  cont inent .  

D r .  F r i t z :  You are t a lk ing  about the  development a c t u a l l y ,  r a t h e r  than the  
warning of sh ips  f o r  example. 

D r .  Riehl:  Anything that has some r e l a t i o n  t o  severe weather. You do now ge t  
a p i c t u r e  from the  sa te l l i t e .  It may look very p r e t t y .  You may a l s o  g e t  
c e r t a i n  r a d i a t i o n  da ta  t o  t e l l  you something about the  height  d i s t r i b u t i o n  of 
c louds.  You made a comment on t h i s .  Do you th ink  you have reached the end 
of the  road as t o  what i s  needed f o r  fo recas t  opera t ions?  I ' d  like t o  ge t  
back t o  D r .  Ligda and a s k  j u s t  what do you have i n  mind f o r  ground based 
s f e r i c s  observat ions g iv ing  data f o r  general  c i r c u l a t i o n  computations such 
as I have discussed? I f  ground based da ta  would r e a d i l y  y i e l d  the  information, 
we would be doing computations now on a d a i l y  bas i s ,  I a s su re  you. 

D r .  Hallgrcn: I ' d  l i k e  t o  comment on Dr. Rlehl ' s  s ta tement .  I w a s  a f o r e c a s t e r  
f o r  B-47 opera t ions  a number of years  ago, and a major i ty  of .the f l i g h t s  were 
over  the oceans where there  a r e  very few observat ions.  The o l d  f r o n t s  were 
always a major problem. One o r  s eve ra l  f l i g h t s  would go out  one day and r epor t  
the  f r o n t  had no thunderstorm a c t i v i t y  assoc ia ted  with i t .  So, the  bes t  th ing  
we could say was the re  w a s  nothing the re  yesterday and probably nothing today. 
Then when he came back you had l o s t  a f r i e n d ,  because during the  24-hour period 
th ings  changed. 

D r .  F r i t z :  What a r e a  was t h a t ?  

- D r .  Ha11gren: I was a t  MacDi11 A i r  Force Base. 

D r .  F r i t z :  No. I mean where were these  f r o n t s ?  

D r .  Hallgren: The f r o n t s  I re fe r r ed  t o  were over the  At l an t i c  Ocean. Our 
f l i g h t s  went a l l  the way t o  North Afr ica ,  Puerto Rico, Azores, and throughout 
t h a t  e n t i r e  area. The p r i n c i p a l  parameter t h a t  worried the  B-47 p i l o t s  was 
severe weather.  They d i d n ' t  mind f l y l n g  through c i r r u s  6 s  long as i t  wasn't 
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f o r  a major po r t ion  of the  f l i g h t .  While you were b r i e f i n g  them, they were 
r a t h e r  un in te res ted  u n t i l  you mentioned thunderstorms. Then they were very 
concerned. 

D r .  Riehl: This  remains a problem f o r  any a i r  t r anspor t ion .  

D r .  F r i t z :  We have heard specula t ions  with regard t o  what one would l ike t o  
have. You r e a l l y  can ' t  g e t  what you want. For example, i n  the case of the 
hea t  t r a n s f e r  i n  the  atmosphere which conceivably can be r e l a t e d  t o  s f e r i c s  
measurements, t he re  a r e  many gaps i n  our knowledge. Even i f  we had s f e r i c s  
i n  whatever d e t a i l ,  o r  whatever form we would want, we would s t i l l  have a 
problem with regard t o  any d e t a i l e d  i n t e r p r e t a t i o n  i n  t h i s  con tex t ,  but there  
i s  some hope of g e t t i n g  a s o r t  of q u a l i t a t i v e  e s t ima te .  Pu t t ing  a s ide  these 
gaps i n  our knowledge, which would c rea t e  c e r t a i n  d i f f i c u l t i e s  i f  we had 
whatever measurements we even dream about ,  there  a r e  some p r a c t i c a l  l i m i t a t i o n s .  

I n  the next few presenta t ions ,  we would l i k e  t o  go i n t o  some of these 
ques t ions .  One quest ion w i l l  r e l a t e  t o  what i s  needed i n  the way of sur face  
observat ions t o  bridge p a r t  of t h i s  gap t h a t  we were t a lk ing  about .  It may 
no t  do too much f o r  the gap between a s f e r i c s  measurement and i n t e r p r e t a t i o n  
i n  terms of hea t  t r a n s f e r  and water t r a n s f e r ,  but i t  would apply t o  the 
quest ion of what sur face  observat ions a r e  needed before we t r y  t o  g e t  s a t e l l i t e  
measurements. Now we a r e  g e t t i n g  more s p e c i f i c .  For example, one th ing  
mentioned w a s  frequency range, a s  not  a l l  f requencies  a r e  app l i cab le  f o r  
s a t e l l i t e  measurements. 

D r .  Suomi was supposed t o  be here ,  but unfor tuna te ly  he is  ill .  
He was going t o  t a l k  t o  us about o the r  p r a c t i c a l  s a t e l l i t e  l i m i t a t i o n s ;  about 
th ings  l i k e  r e so lu t ion ,  f o r  example. I n  h i s  absence, M r .  Hi l leary  has agreed 
t o  say a few words so we could open the  d iscuss ion  i n  some log ica l  way. Before 
M r .  Hi l leary  t a l k s ,  D r .  Hallgren agreed t o  t e l l  us  something about what he 

is  necessary i n  the  way of a d d i t i o n a l  sur face  observat ions i n  order  t o  
ake a more l o g i c a l  approach toward s a t e l l i t e  type of measurements. 

D r .  Hallgren: A la rge  p a r t  of what we ( M r .  MacDonald and myself) had planned 
t o  present  has a l ready  been s t a t e d  o r  i n fe r r ed  i n  one way o r  another .  The 
de tec t ion  and loca t ion  of l i gh tn ing  f l a shes  has been ca r r i ed  out  f o r  many years  
with ground based s f e r i c s  networks. These observat ions have proved qu i t e  u se fu l  
i n  synopt ic  meteorology. However, the  f u l l  p o t e n t i a l  has never been r e a l i z e d .  

For the f u t u r e ,  s a t e l l i t e s  p o t e n t i a l l y  provide the means by which 
observat ions of s f e r i c s  can be obtained on a g loba l  bas i s .  Most of the ground 
based s f e r i c s  networks u t i l i z e  the s i g n a l  emit ted by a l i gh tn ing  f l a s h  i n  the 
10 kc . / s ec .  po r t ion  of the spectrum. However, due t o  the inf luence of the 
ionosphere on the  low frequency s i g n a l s ,  i t  seems reasonable t o  u t i l i z e  the 
por t ion  of the spectrum of r a d i a t i o n  from a l i gh tn ing  f l a s h  above the c r i t i c a l  
frequency of the  ionosphere f o r  the  de t ec t ion  of s f e r i c s  from a s a t e l l i t e .  

Figure 1 shows the manner i n  which a high frequency s f e r i c s  sensor  
would observe the e a r t h  from an e a r t h  or ien ted  s a t e l l i t e  s u c h a s  Nimbus. The 
antenna would have a f ixed beam p a t t e r n  and would monitor a " s t r i p "  of the  
e a r t h ' s  su r f ace  below the s a t e l l i t e  o r b i t .  A b a s i c  problem i s  whether the  
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Figure 1. Antenna p a t t e r n  f o r  a s f e r i c s  s enso r .  
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c h a r a c t e r i s t i c s  of the s f e r i c s  i n  the 100 t o  500 mc./sec. frequency range a r e  
isuch t h a t  they can be both detected and i d e n t i f i e d  a s  such i n  the presence 
:of o the r  no ise  a t  s a t e l l i t e  he igh t s .  

The requirements t o  d e t e c t  and i d e n t i f y  imply a r a t h e r  de t a i l ed  
knowledge of a number of parameters.  Among these a re :  

(1) The c h a r a c t e r i s t i c s  of the  s i g n a l  emitted by a l i gh tn ing  f l a s h  
i n  the  100 t o  500 mc./sec. frequency range -- power, envelope dura t ion ,  p lus  
c h a r a c t e r i s t i c s ,  e t c .  

(2) The noise  of the environment -- t e r r e s t r i a l  and e x t r a t e r r e s t r i a l -  
and the  propagation of the s i g n a l  through the atmosphere and ionosphere.  

(3) The c l imato logica l  aspec ts  of the  dens i ty  of thunderstorms t o  
be expected wi th in  the  p a t t e r n  of the antenna and the frequency of f l a shes  
from a thunderstorm c e l l .  

With a de t a i l ed  knowledge of the above parameters,  including the 
s t a t i s t i c a l  d i s t r i b u t i o n  of each parameter,  the  f e a s i b i l i t y  of a sensor  can 
be e s t ab l i shed  and the design can be e f f e c t e d .  I t  is  d i f f i c u l t  t o  de l inea te  
which parameters a r e  most important i n  the design of a sensor .  The design of 
each component of the  sensor  w i l l  depend t o  varying degrees on each of the 
parameters mentioned above. 

Some of the uses  of the var ious parameters i n  showing f e a s i b i l i t y  
and designing the sensor  are a s  follows: 

S igna l  S t rength  -- The s i g n a l  s t r e n g t h  is  important i n  t h e  ca l cu la t ion  
of the s igna l - to-noise  r a t i o  t o  be expected a t  s a t e l l i t e  a l t i t u d e s ,  and 
the re fo re ,  w i l l  be important i n  s e l e c t i n g  the cen te r  frequency a t  which the  
sensor  would opera te .  From a knowledge of the  s t a t i s t i c a l  d i s t r i b u t i o n  of 
s i g n a l  s t r eng ths  e m i t t e d  by l i gh tn ing  f l a s h e s  a t  these frequencies ,  i t  w i l l  be 
poss ib le  t o  c a l c u l a t e  what p e r c e n t a e  of the f l a shes  t h a t  occur w i l l  be 
de tec ted  wi th in  the p a t t e r n  of the  antenna. 

Envelope Duration -- The envelope dura t ion  might be an important 
parameter by which s f e r i c s  can be i d e n t i f i e d  from the  background noise .  
Furthermore, the envelope dura t ion  w i l l  be important i n  determining whether 
o r  no t ,  or how f requent ly ,  the s i g n a l  from various l i gh tn ing  f l a shes  w i l l  
over lap or  become continuous which occur wi th in  the p a t t e r n  of the  antenna. 

Pulse  C h a r a c t e r i s t i c s  -- The pulse  c h a r a c t e r i s t i c s  of s f e r i c s  i n  t h i s  
frequency range might be used f o r  the  i d e n t i f i c a t i o n  of the s f e r i c s  s i g n a l .  

The noise  of the  environment and propagation of the s i g n a l  w i l l  be 
important i n  the  c a l c u l a t i o n  of the  s ignal- to-noise  r a t i o .  The dens i ty  of 
thunderstorms and frequency of f l a s h e s  from a c e l l  w i l l  be used i n  the 
c a l c u l a t i o n  t o  determine whether o r  not  s f e r i c s  s i g n a l s  from f l a shes  w i l l  
over lap  and whether a thunderstorm w i l l  be de tec ted  during the t i m e  i t  i s  
monitored by the  antenna. 
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The data p re sen t ly  a v a i l a b l e  i n  the  c h a r a c t e r i s t i c s  of s f e r i c s  i n  
the 100 t o  500 mc./sec. frequency range is l i m i t e d  t o  a few inves t iga t ions .  
Figure 2 shows a summary of the  da t a  a v a i l a b l e  on the  t o t a l  dura t ion  of 
s f e r i c s  a t  f requencies  from 11 t o  1,200 mc./sec. Malan r epor t s  a t  12 mc. the 
s i g n a l  du ra t ion  t o  be approximated by the  du ra t ion  of t he  to ta l  f l a s h .  Hallgren 
and MacDonald r epor t  an average dura t ion  of about 20 msec. from each s t roke  a t  
30 mc./sec. and a l s o  ind ica t e  t h a t  they found no s u b s t a n t i a l  decrease i n  the  
envelope dura t ion  up t o  400 mc./sec.  They a l s o  r epor t  t h a t  the  maximum 
dura t ion  occas iona l ly  exceeded 200 msec. H e w i t t  r e p o r t s  s i g n a l  dura t ion  of 
about 5 msec. preceding the  f irst  s t roke  and dura t ions  of about 1 msec. 
preceding the f i r s t  s t roke  and dura t ions  of about 1 msec. preceding succeeding 
s t rokes .  Hewitt a l s o  r e p o r t s  dura t ions  "of a few t ens  of mil l iseconds" f o r  
in t rac loud  s t r o k e s .  At las  r epor t s  a t  1,200 mc./sec. an average dura t ion  of 
about 500 microseconds with a maximum of 2.3 msec. 

.A i In  genera l ,  the  dura t ion  of the  s f e r i c s  s i g n a l s  decreases  with 
!increasing frequency above 10 mc./sec. 
a v a i l a b l e  a r e  i n s u f f i c i e n t  t o  a s s ign  an average dura t ion  t o  any p a r t i c u l a r  
frequency, and the s t a t i s t i c a l  d i s t r i b u t i o n  of dura t ions  needs f u r t h e r  
i n v e s t i g a t i o n .  Furthermore, the  d i f f e rence  i n  the  dura t ions  of cloud-to ground, 
i n t r ac loud ,  and cloud-to-air  f l a shes  r equ i r e s  f u r t h e r  i n v e s t i g a t i o n .  

However, the da t a  t h a t  a r e  p re sen t ly  

The most comprehensive da ta  on the pulse  c h a r a c t e r i s t i c s  of s f e r i c s  
s i g n a l s  above 10 mc./sec. a r e  those of At las  f o r  1200 mc./sec. and a bandwidth 

microseconds with an average of 27.5 microseconds and t h a t  the dura t ion  of the 
pulses  seldom exceeded 40 microseconds. H e w i t t  r e p o r t s  a t  600 mc./sec. and a 
bandwidth of 1 mc./sec.  t h a t  the dura t ion  of the pulses  was only a few 
microseconds f o r  an in t rac loud  f l a s h  and was a genera l  rise i n  the r ece ive r  
no ise  f o r  a cloud-to-ground f l a s h .  
and a 5-kc./sec.  bandwidth t h a t  the  dura t ion  of about 50 percent  of the  pulses  
exceed the  r e s o l u t i o n  of about 100 microseconds. 

, o f  600 kc . / s ec .  r e p o r t s  t h a t  the  median dura t ion  of the  pulses  was 20 

Hallgren and VacDonald r epor t  a t  30 mc./sec.  

J Figure 3 presents  a summary of the  da t a  t h a t  a r e  p re sen t ly  ava i l ab le  
on the  s i g n a l  s t r e n g t h  a t  f requencies  above 10 mc./sec. and r ep resen t  the  f i e l d  
i n  volts/meter-normalized t o  a range of 1 s t a t u t e  mile and a'bandwidth of 1 
kc. /sec.  
leader  s t roke  proposed by Watt and Maxwell. 
a r e  based upon 25 s f e r i c s  and those of At las  on 9 s f e r i c s .  H e w i t t  cons iders  
h i s  value t o  be a conservat ive es t imate  of the f i e l d  s t r e n g t h  and according 
t o  At las ,  he cons iders  t h a t  the  f i e l d  of the s t ronge r  s f e r i c s  must have been 
10 times g r e a t e r  than the  value of 6.5 x v./m. shown i n  f igu re  3. Atlas 
cons iders  h i s  value of f i e l d  s t r e n g t h ,  1.5 x 10-4 v./m. a t  2800 mc./sec. t o  
be r ep resen ta t ive  of the  f i e l d  from "s t rong"s fe r i c s .  Hallgren and MacDonald 
consider  t h e i r  values  of f i e l d  s t r e n g t h  between 30 and 400 mc./sec. t o  be 
r ep resen ta t ive  of "average" s f e r i c s .  They r epor t  t h a t  t h e i r  ca l cu la t ed  f i e l d  
s t r e n g t h s  decrease by a f a c t o r  of t h ree  between 30 and 400 mc./sec. It i s  
qu i t e  obvious t h a t  the  da t a  on s i g n a l  s t r e n g t h  a r e  indeed scarce  and not  
s u f f i c i e n t  t o  determine whether o r  no t  the f i e l d  s t r e n g t h  f a l l s  o f f  a s  l/f i n  
t h i s  frequency range. 

The s o l i d  l i n e  is  an  e x t r a p o l a t i o n  of the  spectrum f o r  a stepped 
The resul ts  of Horner and Clarke 

The above d iscuss ion  can lead t o  only one genera l  conclusion.  The 
information t h a t  is presen t ly  a v a i l a b l e  on the  s i g n a l  s t r e n g t h ,  envelope 
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11 mc./sec.(Horner & Clarke)  - Kange from 40-330 msec. 

12 mc . / s ec  . (Ma l an)  - Throughout per iod of f l a s h .  

30 mc. / sec . (Hal lgren  ti Mac Donald) - Avg. 20 msec . / s t roke ;  Max. 200 nisec. 
No s u b s t a n t i a l  decrease  i n  d u r a t i o n  
t o  400 mc./sec.  

600 mc. /sec.(Hewit t )  - Up t o  5 msec. f i r s t  s t r o k e ,  0 .5  t o  1 
msec. succeeding s t r o k e  (cloud t o  
ground).  S e r i e s  of s p i k e s  f o r  " f e w  
tens"  of n i i l l i seconds  (c loud) .  

1200 mc . / s e c .  (At las )  - Avg. 0 .5  msec . / s t roke  Max. 2 . 3  msec. 

Figure 2 .  S igna l  d u r a t i o n  
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dura t ion ,  and pulse  c h a r a c t e r i s t i c s  i n  t h i s  frequency range gives  only an 
ind ica t ion  of the  a c t u a l  values  t o  be expected. The s t a t i s t i c a l  d i s t r i b u t i o n  
of the  var ious parameters i s  e s s e n t i a l l y  unknown. Additional sur face  
measurements of the  above parameters a r e  required i n  order  t o  design a s a t e l l i t e  
s f e r i c s  sensor .  However, s ince  a sensor  system on a s a t e l l i t e  w i l l  not view 
the r a d i a t i o n  p a t t e r n  of a l i gh tn ing  f l a s h  from the  same angle a s  a ground 
based experiment, i t  i s  imperative t h a t  some da ta  be co l l ec t ed  i n  the fu tu re  

\ b y  an a i rborne  experiment on U-2 a i r c r a f t  o r  bal loon.  

D r .  Jones: W i l l  any considerat ion be given t o  determine the  loca t ion  of the  
source,  whereby you can t e l l  exac t ly  what angle the s i g n a l  from the  source 
a r r i v e s  from? 

D r .  Hallgren: I n  o the r  words, can we pinpoint  the  loca t ion  of the s f e r i c s  
s i g n a l  i n  our sur face  experiment? We cu r ren t ly  plan on obta in ing  the  loca t ion  
of t h e  thunderstorm from radar  and v i s u a l l y  the d i r e c t i o n  from which the  f l a s h  
o r ig ina t ed .  

D r .  F r i t z :  Are you f in i shed  with your presenta t ion?  

D r .  Hallgren: Yes. 

D r .  F r i t z :  You indicated t h a t  we need more data  of the  same kind. It wasn't 
too c l e a r  t o  me why. The idea is t o  f ind  out  what we need t o  measure on the  
ground i n  order  t o  decide,  f o r  example, what f requencies  one should use on 
a s a t e l l i t e  t o  see t h a t  there  i s  enough power ava i l ab le  i n  these  frequencies .  
You s a i d  t h a t  you need more of t h i s  kind of information. 

D r .  Hallgren: Yes, This i s  t r u e .  It i s  j u s t  l i k e  any measurement where you 
a r e  not  s u r e  t h a t  the magnitude i s  accu ra t e ly  known. For example, H e w i t t  was 
s tudying r ada r  echoes from l igh tn ing  and he used the s f e r i c s  s i g n a l  t o  t r i g g e r  
h i s  camera. Therefore ,  h i s  s i g n a l  s t r eng th  measurements a r e  j u s t  not  very 
accu ra t e .  In  add i t ion ,  the s t a t i s t i c a l  d i s t r i b u t i o n  of the  parameter i s  
extremely important.  It i s  simply a f a c t  t h a t  the da ta  p re sen t ly  ava i l ab le  
a t  these frequencies  a r e  qu i t e  l i m i t e d  and although very encouraging, you j u s t  
need more good, p rec i se  measurements. Does anybody want t o  say anything, o r  
ask  any quest ions i n  regard t o  t h i s ?  

Voice: I s n ' t  i t  poss ib le  t h a t  the  dura t ion  was due t o  the f a c t  t h a t  the 
s e n s i t i v i t y  was down? I not iced ,  f o r  example, t h a t  even i n  the  very low 
frequency range t h a t  Kitagawa and Brook have increased the  average dura t ion  
of the pulse  by increas ing  the s e n s i t i v i t y  and increas ing  t h e i r  frequency 
response.  I am wondering i f  t h i s  type of th ing  might not  a l s o  apply t o  the  
At las  measurements? 

D r .  Hallgren: No doubt, i f  you increase s e n s i t i v i t y  you w i l l  increase the 
s i g n a l  dura t ion  t o  some ex ten t .  

I ' d  l i k e  t o  add  j u s t  one more s l i d e .  This w i l l  show you a photograph 
of s f e r i c s  and then you can j u s t  draw your own conclusion. 

Dr. F r i t z :  While you're g e t t i n g  t h a t  ready I ' d  l ike t o  a sk  a quest ion.  The 
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dura t ion  of these f l a s h e s  i s  on the  order  of mi l l i seconds .  How long does the 
a c t i v i t y  continue? 
you have t o  have a l o t  of these going on a l l  the  t i m e .  

A t  mil l iseconds you obviously don ' t  have much t i m e ,  so 

I wonder i f  t h i s  i s  related t o  the  quest ion of the l i f e t i m e  of 
thunderstorms i n  a c e r t a i n  a r e a .  The s a t e l l i t e  comes over ,  and i n  order  fo r  
i t  t o  sense something t h i s  would have t o  be going on f o r  some reasonable 
amount of time, hours I suppose, i n  order  f o r  a sa te l l i t e  t o  be there  a t  the 
r i g h t  t i m e .  

D r .  Holzer: The cha rac t e r  of the  sa te l l i t e  record w i l l  depend upon the  s i z e  
of the  area from which s i g n a l s  can be received.  The p r o b a b i l i t y  of rece iv ing  
a s i g n a l  w i l l  depend on the  number of storms i n  progress  i n  the  area and the 
average i n t e r v a l  between s t rokes  i n  a s i n g l e  storm. Assume each storm produces 
a l i gh tn ing  s t roke  a t  10-sec. i n t e r v a l s ;  i f  t he re  a r e  10 storms i n  the  area 
under su rve i l l ance ,  one would expect t o  rece ive  one s i g n a l  per  second on the  
average. 

D r .  F r i t z :  It would be one per  second, but  f o r  how long? Would i t  be hours? 

."r. Holzer: The e l e c t r i c a l  l i f e  of a thunderstorm, t h a t  i s ,  a s i n g l e  c e l l ,  i s  
usua l ly  between 20 and 45 minutes. I n  the  case of la rge  storms which produce 
' l igh tn ing  over longer per iods  i t  is probable t h a t  the  a c t i v i t y  is  produced by 
a succession of cells  growing and decaying. 

D r .  Hallgren: The upper t r a c e  on t h i s  photograph ( f igure  4) shows the  amplitude 
of a s f e r i c s  s i g n a l  a s  a func t ion  of t i m e .  The cen te r  frequency being monitored 
was 30 mc./sec. with a 5 kc. /sec.  bandwidth. As you can see, the re  were two 
b u r s t s  of s i g n a l  separated by approximately 70 msec. The f i r s t  bu r s t  had a 
dura t ion  of approximately 20 msec., and the  dura t ion  of the second bur s t  was 
less than 1 msec. One poss ib le  i n t e r p r e t a t i o n  of t h i s  s f e r i c  is  t h a t  i t  
o r ig ina t ed  from a mul t ip le  s t roke  f l a s h .  The longer bu r s t  of s i g n a l  preceded 
the  f i r s t  r e t u r n  s t roke  and the second bur s t  preceded the  second r e t u r n  s t r o k e .  
Any quest ions? 

D r .  Holzer: This  is q u i t e  i n s t r u c t i v e  t o  see the o r i g i n a l  records .  The 
du ra t ion  of a s t roke  would be a matter of d e f i n i t i o n .  
records c e r t a i n l y  have less continuous a c t i v i t y  than the  low frequency records .  
A "s t roke  durat ion" might w e l l  be defined a s  the i n t e r v a l  between the  observed 
beginning of the  f i r s t  b u r s t  and the  observed terminat ion of the  las t  b u r s t .  

The high frequency 

D r .  F r i t z :  Yes. Is there  genera l  agreement on the idea expressed by D r .  Holzer 
t h a t  the  numerical value of the amplitude versus  frequency, which is  one of the 
th ings  discussed,  is  so uncer ta in  t h a t  we need t o  have more of t h i s  i n  order  
t o  design an experiment t o  take advantage of the  q u a n t i t i e s ?  

D r .  Hallgren: I th ink  our reported values  of s i g n a l  s t r e n g t h  and dura t ion  a r e  
qu i t e  conserva t ive .  
parameters increase  with a re f ined  experiment. 

I wouldn't be surpr i sed  t o  see the  magnitude of both 

- Voice: 
t a l k i n g  about a phenomenon t h a t  l a s t s  l e t ' s  say  (and I ' m  speaking very crudely 

I th ink  your quest ion about du ra t ion  is very s i g n i f i c a n t .  We a r e  
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Figure 4. Sferics Signal, 30.3 megacycleslsecond at 5 kilocycles/second bandwidth. 
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now i n  terms of  o r d e r  of t he  magnitude) f o r  a l eng th  of time e q u i v a l e n t  t o  
about  one o r b i t  of a s a t e l l i t e  and the  p u l s e s  t h a t  you a r e  a t t empt ing  t o  
measure, which come wi th  a per iod  of  a f r a c t i o n  of a minute (10 seconds t o  
more t h a n  a minute) and which have a d u r a t i o n  of 1 t o  100 m s e c .  o r  perhaps 
500 msec. I t h i n k  t h e s e  a r e  important  t h i n g s  t o  t h i n k  about  i n  the  l i n e  of 
your f i e l d  of  v i s i o n ,  l e t  us say .  

D r .  F r i t z :  We should cons ide r  t hese  very  c l o s e l y .  It w i l l  t i e  i n  p o s s i b l y  
w i t h  t h e  frequency response of  t h e  ins t ruments  and how f a s t  we have t o  be a b l e  
t o  measure. These ques t ions  w i l l  come i n ,  I s u s p e c t .  

Do you want t o  s a y  something? 

D r .  Ligda: I might d e s c r i b e  some of my obse rva t ions .  I t h i n k  they  demonstrate 

l i g h t n i n g  r a d i a t e s .  
--* some of t h e  u n c e r t a i n t y  which a t t e n d s  t h e  ques t ion  of t he  amount of power which 

The n a t u r e  of my experiment  was t o  t ake  a CPS-9 r a d a r  (104 mc . / sec .> ,  
t u r n  o f f  t h e  t r a n s m i t t e r ,  and p o i n t  t he  antenna toward an  a c t i v e  thunderstorm 
from which I had a l r e a d y  been observ ing  l i g h t n i n g  echoes f o r  q u i t e  a few 
minutes t o  see what t h e r e  was i n  the  na tu re  of  r a d i a t e d  energy .  

On the  A-scope of the  r a d a r ,  which had a time base of  about  4 msec., 
I got  occas iona l  i n d i c a t i o n s  of a number of l i t t l e  s p i k e s  l i k e  t h a t  which a r e  
w r i t t e n  up i n  the  f i n a l  r e p o r t  which we made on t h a t  s u b j e c t  back i n  June 
1958 on our  A i r  Force c o n t r a c t  AF19-(604)-1564, (See Appendix f o r  r e fe rence  t o  
the  r e p o r t ) .  

Each d ischarge  produced a number of i n d i v i d u a l  s i g n a l  p u l s e s ,  and the  
d u r a t i o n s  of the  pu l se  envelopes were i n  f a i r l y  good agreement wi th  the  
obse rva t ions  descr ibed  h e r e .  I f  I r e c a l l  c o r r e c t l y ,  about  3 or 4 msec; 
some t h i n g  on t h a t  o r d e r ,  

There would be something l i k e  8 o r  10 i n d i v i d u a l  s i g n a l  s p i k e s  i n  one 
of t hese  s i g n a l s  and they  appeared a t  any range on the  scope .  (The thunderstorm 
was about  60 miles away). 

Then I turned the  scope over  from A and put i t  on K-scope. Th i s ,  on 
a 5-mile range s e t t i n g ,  would give a time base span of about  50/' s e c .  
i n t e r v a l  is smaller than the  spac ing  between i n d i v i d u a l  p u l s e s  o r  s p i k e s  s o  
t h a t  i t  was only  p o s s i b l e  t o  observe one of them a t  a time. 

Th i s  

.Occas iona l ly  I would see  a sp ike  d isp layed  which w a s  of  such s h o r t  
d u r a t i o n  t h a t  i t  was c l e a r l y  on ly  one sweep.  On any sp ike  I was unable  t o  
see any s e p a r a t i o n  a t  the  b a s e l i n e  between the  upward and t h e  downward 
d e f l e c t i o n  of t h e  i n d i c a t o r .  

Now, I judge I could r e so lve  on t h i s  mope  something on the  o r d e r  of 
about  a t e n t h  of a m i l e .  Th i s  would be about 1 A, s e c ,  i n  time on the scope.  
These s p i k e s  probably were s i g n a l s  from a l i g h t n i n g  d i scha rge .  I have no 
r eason  t o  suspec t  t h a t  they w e r e n ' t ,  because they were the  only  t r a n s i e n t s  
which were appear ing  and they  were showing up a t  i n t e r v a l s  which would correspond 
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t o  l i g h t n i n g  d ischarge  a c t i v i t y  i n  the  storm i t s e l f .  It means t h a t  t he  
s i g n a l s ,  which were emi t ted  on a frequency of about 10,000 mc. /sec. ,  cons i s t ed  
of pu l se s  of d u r a t i o n  something less than a microsecond. What the  power i s  
i n  these  I d o n ' t  know. They lookad l ike they  were reasonably s t r o n g .  This  
looks t o  be the  s o r t  of t h ing  we have t o  cope wi th  i n  " f ine  s t r u c t u r e "  of 
l i g h t n i n g  s i g n a l s .  I t h i n k  the  kind of information which has  t o  be g o t t e n  is  
of  t h i s  type .  

.' 

D r .  Hallgren: We a r e  f a m i l i a r  wi th  your work. 

Dr. Ligda: I t h i n k  t h a t  poss ib ly  the  low f requencies  have the  same s o r t  of 
a f i n e  s t r u c t u r e .  

D r .  Hallgren: I t h i n k  t h a t  t h i s  i s  ind ica t ed  by H e w i t t ' s  measurements. A t  
600 mc. /sec.  he used a 1 mc./sec.  bandwidth and r e p o r t s  t he  s f e r i c s  contained 
pu l ses  whose d u r a t i o n  were of the  o r d e r  of  1 msec. 

Dr. Ligda: I might add t h a t  t hese  pu l ses  a r e  of such d u r a t i o n  and frequency 
a s  t o  correspond very  n i c e l y  wi th  s i g n a l s  poss ib ly  emi t ted  wi th  the  advance 
of t he  s tepped l eade r .  

D r .  Hallgren: Of course ,  down a t  t he  f requencies  a t  which we were working 
(30 t o  40 mc. /sec ; ) ,  the  du ra t ions  t h a t  we have measured a r e  cons iderably  
longer  than  any average d u r a t i o n  repor ted  f o r  a s tepped l eade r .  Therefore ,  

I s f e r i c s  i n  t h i s  range of f requencies  p a r t i a l l y ,  a t  l e a s t ,  o r i g i n a t e  from the  
j i n t e r s t r o k e  p rocesses .  

D r .  F r i t z :  I t h i n k  we should proceed t o  the  next  po in t  which D r .  Suomi was 
going t o  t a l k  t o  u s  abou t .  

We g e t  t o  the  ques t ion  of what spectrum i n t e r v a l  should you observe 
i n  o r d e r  t o  measure something i n  t h i s  a r e a  from the  s a t e l l i t e .  The ques t ion  
is  of s p a t i a l  r e s o l u t i o n  and I t h i n k  t h i s  needs t o  be d iscussed  more. Mr. 
H i l l e a r y  has  agreed t o  s u b s t i t u t e  on very s h o r t  n o t i c e .  

Mr. Hi l l ea ry :  The very  few remarks I ' m  going t o  make have a l r e a d y  been touched 
upon i n  o t h e r  d i s c u s s i o n s .  Most of our pre l iminary  th ink ing  has been i n  terms 
of the  Nimbus s a t e l l i t e  system which w i l l  be a p o l a r  o r b i t i n g  veh ic l e  s t a b i l i z e d  
wi th  r e s p e c t  t o  the  e a r t h  and the  sun ,  so  t h a t  o r i e n t a t i o n  of f ixed  antennas 

' w i l l  be no p a r t i c u l a r  problem. 
i l e v e l  wi th  the  s u r f a c e  of t h e  e a r t h  and one s i d e  of i t  w i l l  be forward a t  a l l  

The bottom of the  s a t e l l i t e  w i l l  be always 

times. 

We have considered f o r  t h i s  type of a s a t e l l i t e  t h r e e  poss ib l e  
s f e r i c s  systems.  One has  very  l i t t l e  d i r e c t i o n a l  s e n s i t i v i t y  and might be 

/I u s e f u l  f o r  hemispheric e l e c t r i c i t y  s t u d i e s  or, perhaps,  some "thunderstorm 
,' bookkeeping" measurements. 

We have a l s o  thought i n  terms of a system wi th  a broad-beam d i r e c t i o n a l  
antenna,  a s  suggested by Dr. Hallgren,  d i r e c t e d  t o  cover an  a rea  immediately 
below the s a t e l l i t e .  The a rea  monitored would co inc ide  roughly wi th  t h e  a r e a  
of cloud p i c t u r e .  Th i s  might be of o p e r a t i o n a l  use t o  meteoro logis t s  because 
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i t  would show i f  t h e r e  was s f e r i c s  a c t i v i t y  a s s o c i a t e d  w i t h  each  cloud p i c t u r e .  

Voice: What a r e a ?  - 
Mr. Hi l l ea ry :  , I t h i n k  i t  is about  500 m i l e s  on each s i d e .  

D r .  Suomi wanted t o  t a l k  about  t he  t h i r d  system p o s s i b i l i t y  employing 
r a d i o  d i r e c t i o n  f i n d e r  techniques .  I would l i k e  t o  t u r n  over  t h i s  p a r t  of the  
d i s c u s s i o n  t o  someone who knows more about  r a d i o  d i r e c t i o n  f i n d e r s  than  I do. 
One of the  b a s i c  c o n s i d e r a t i o n s  i n  d i r e c t i o n  f i n d i n g  would be the s i g n a l - t o -  
no i se  r a t i o .  We would need knowledge of the  s t r e n g t h  of t h e  s i g n a l s  t o  be 
expected and t h e  no i se  a t  t he  s a t e l l i t e  l e v e l  i n  o rde r  t o  judge the  r e s o l u t i o n  
of such systems.  

The experiment and system des igne r s  w i l l  need t o  know the  t h i n g s  t h a t  
t h e  r e sea rch  people here  want t o  know about  the  s f e r i c s  s i g n a l s .  The r e sea rch  
workers want t o  know t h e  " s igna tu re , "  t he  e s s e n t i a l  c h a r a c t e r i s t i c s  of t he  
s i g n a l  a s  might be revea led  by s p e c t r a l  a n a l y s i s ,  so t h a t  they  can i n t e r p r e t  
i t  i n  t e r m s  of the  phys ics  of the  problem. The system des igne r  would want t o  
know p r e c i s e l y  these  same t h i n g s ,  so t h a t  he can des ign  an optimum system. 
These a r e  the  p a r t i c u l a r  p o i n t s  t h a t  I wished t o  mention. They have a l r eady  
been brought  o u t  more than  adequa te ly .  

One important  ques t ion  would be (and perhaps D r .  R ieh l  would l ike t o  
s t a r t  t h i s  o f f ) ,  what r e s o l u t i o n  on the  e a r t h ' s  s u r f a c e  would be of use f o r  
va r ious  me teo ro log ica l  purposes? How can we r e l a t e  r e s o l u t i o n  and use fu lness  
f o r  each  type of measurement? 

D r .  F r i t z :  You probably want t h e  b e s t  r e s o l u t i o n  you can g e t .  

M r .  H i l l e a r y :  Not n e c e s s a r i l y .  

D r .  F r i t z :  There i s  one ques t ion  t h a t  I would l i k e  t o  d i s c u s s  now. I t ' s  the  
ques t ion  of the  s p e c t r a l  i n t e r v a l .  Th i s  morning some people had mentioned 
50 k c . / s e c . ,  and I had the  impression t h a t  you s a i d  t h a t  10 mc. /sec.  was --- 
D r .  Holzer:  Above 10 mc. /sec. ,  t h a t  is, above the  average c r i t i c a l  f requency 
of t h e  F2 r eg ion .  
because cosmic n o i s e  a b s o r p t i o n  measurements show g r e a t  v a r i a b i l i t y  i n  t h i s  
r eg ion ,  from 2 t o  15 db.  I b e l i e v e  t h a t  i n  t h e  range you were speaking o f ,  
D r .  Hal lgren ,  you avoided t h i s  d i f f i c u l t y .  

There would be d i f f i c u l t y  i n  us ing  s i g n a l s  n e a r  10 mc./sec. 

D r .  Nordberg: Wouldn't you have t o  be q u i t e  a cons ide rab le  amount h ighe r  than  
t h e  F2 c r i t i c a l  f requency,  because you a l s o  have t o  cons ide r  s a t e l l i t e  geometry? 
You w i l l  no t  always be looking s t r a i g h t  down. A s  a ma t t e r  of f a c t ,  a l o t  of 
your measurements, i f  you went t o  g e t  any s t a t i s t i c s  whatsoever ,  would have to  
come from a f a i r l y  wide cone of obse rva t ion .  

D r .  Holzer: I should l ike t o  a s k  D r .  Hal lgren  what t h e  t o t a l  ionospher ic  
"" a b s o r p t i o n  was i n  the  frequency range of h i s  measurements. 

D r .  F r t i z :  Is i t  from LOO t o  300? 
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D r .  Hallgren: 100 t o  300 mc. /sec.  

D r .  Rossby is much more f a m i l i a r  w i t h  t h i s  and could g ive  a more 
p r e c i s e  answer t o  the  ques t ion .  

D r .  Rossby: Well, no. Rea l ly ,  my work has  been p r i m a r i l y  concerned wi th  the  
propagat ion  of VLF s i g n a l s  and I have some f i g u r e s  on t h a t .  O f  cou r se ,  t h i s  
is  an  e n t i r e l y  d i f f e r e n t  s p e c t r a l  r eg ion .  A l l  I can r e c a l l  now a r e  the  f i g u r e s  
of s igna l - to -no i se  r a t i o  t h a t  you gave. 

D r .  Hallgren: Well, l e t  me go back and say  t h a t  when GE was des igning  the  
top  s i d e  sounder experiment ,  they s tud ied  the  a t t e n u a t i o n  r a t h e r  c l o s e l y .  
I t h i n k  D r .  Schemerling of Penn S t a t e  was consul ted  by GE and d i d  the  work i n  
which he has  quoted a t  15 mc. / sec .  an  a t t e n u a t i o n  of approximately 1 db. A t  
500 mc . / s e c  the  a t t e n u a t i o n  i s  e s s e n t i a l l y  n e g l i g i b l e .  

D r .  Holzer: At tenuat ion  a t  15 mc. /sec.  i s  a func t ion  of l a t i t u d e .  You g e t  
more o b s t r u c t i o n  i n  the  Trop ic s ,  f o r  example, and t h i s  w i l l  be very  c r i t i c a l l y  
r e l a t e d  t o  t h e  F2 c r i t i c a l  f requency.  I was a sk ing  whether you cons ide r  it 
probably q u i t e  n e g l i g i b l e  a t  100 mc. /sec.?  

D r .  Nordberg: Above 100 mc./sec. i t  ought t o  be .  

D r .  P i e rce :  I t h i n k  the  f a c t  t h a t  100 mc. /sec.  i s  l a r g e l y  unaf fec ted  i n  passage 
through the  ionosphere comes f r o m  s a t e l l i t e  obse rva t ions .  

D r .  Nordberg: 
s ay  50 o r  48 mc./sec.  s i g n a l s  as  a r e fe rence .  This  means t h a t  t hese  f r equenc ie s  
go through v i r t u a l l y  una t t enua ted .  

Even i n  measuring ionospher ic  d e n s i t y  w e  a r e  q u i t e  con ten t  us ing  

The F2 c r i t i c a l  frequency is very  r a r e l y  above 12 even i n  the  Trop ic s ,  
but  t h i s  i s ,  of course ,  v e r t i c a l  p ropagat ion  and you have t o  a l low f o r  t h e  
cos ine  law. I b e l i e v e  t h a t  anyth ing  above 100 mc. /sec.  is p r a c t i c a l l y  no t  even 
r e f r a c t e d .  

D r .  Vonnegut: Shouldn ' t  wt? cons ide r  the  p o s s i b i l i t y  of us ing  v i s i b l e  l i g h t  
which would permit  f i n e  r e s o l u t i o n  wi th  very  s imple appara tus?  Has anybody 
had a look a t  the  da rk  s i d e  of t he  e a r t h  wi th  e x i s t i n g  equipment t o  see what 
i t  looks l i k e ?  

M r .  Soules:  John Glenn d i d  

D r .  Vonnegut: It seems t o  me t h a t  you run i n t o  q u i t e  a l o t  of hardware i f  you 
u8e r a d i o  frequency d i r e c t i o n  f ind ing  techniques .  I t h i n k  t h a t  t he re  i s  
c e r t a i n l y  a chance of g e t t i n g  a n i ce  o v e r a l l  p i c t u r e  j u s t  by us ing  o r d i n a r y  
o p t i c s .  

D r .  Fritz: Profes so r  Suomi, i f  he were h e r e ,  would probably have t a lked  about  
i t  because he had some i deas  about  mounting a pho tomul t ip l i e r  on a TIROS 
s a t e l l i t e  and t r i g g e r i n g  i t  somehow w i t h  l i g h t .  
between the  v i s u a l  s i g n a l  and the  s f e r i c s  s i g n a l .  Is t he re  a one-to-one r e l a t i o n ?  
Is t h e r e  always a v i s u a l  s i g n a l  when you g e t  a s f e r i c s  s i g n a l ?  

I wonder about  t h e  r e l a t i o n  
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Voice: You always g e t  a r a d i o  no i se  when you g e t  a spark .  

D r .  F r i t z :  D o e s  t h a t  mean t h a t  the  s f e r i c s  w i l l  be more f requent  than  the  
v i s u a l  one? 

D r .  Byers: The v i s u a l  one i s  a t t e n u a t e d  more i n  the  c loud .  

D r .  F r i t z :  I mean from the  s a t e l l i t e  l e v e l  you would g e t  a s f e r i c s  one more 
o f t e n  than  you would a v i s u a l  one. This  doesn ' t  mean t h a t  D r .  Vonnegut's 
sugges t ion  shou ldn ' t  be followed up, because it  may supply a check and be so 
much s impler  t o  do. 

Voice: From what I have heard i n  the  d i scuss ion  here  today, t he  d i f f i c u l t y  of 
a c t u a l l y  i d e n t i f y i n g  a s f e r i c s  s i g n a l ,  i n  the  v i s i b l e  may no t  be any g r e a t e r  
o r  even very  comparable t o  i d e n t i f y i n g  it a t  a low frequency s i g n a l .  

D r .  Workman: The important t h ing  t o  note  i s  t h a t  t he  d i r e c t i o n  f ind ing  is  
very  s imple.  Of course ,  t h e r e  a r e  going t o  be s t r o k e s  t h a t  would no t  send 
v e r y  good s i g n a l s .  I f  t h e r e  is a high c i r r u s  cover ,  you won't see very  much 
phot o m  t r i c a  l l y  . 
D r .  Hal lgren:  I would like t o  hea r  D r .  P i e rce  d i s c u s s  how he would utilize 
such da ta  i n  your r e sea rch .  

D r .  P i e rce :  What da t a  i s  t h a t ?  

D r .  Hallgren: VHF s f e r i c s  measurements obtained from a s a t e l l i t e .  

D r .  P i e rce :  How one would use  them? 

D r .  Hal lgren:  Yes, I wonder i f  you would want t o  comment. 

D r .  P i e rce :  This  seems t o  me t o  be the  whole gene ra l  s u b j e c t  of the meeting. 

D r .  Hal lgren:  I would l i k e  t o  hear  i t  from you s p e c i f i c a l l y ,  r e spec t ing  your 
ou t s t and ing  background and exper ience .  

D r .  P i e rce :  I would regard i t  a s  g iv ing  information:  

A. 
B. 
C. 

l o c a t i o n  i n t o  
about? 

You 

On r a d i o  n o i s e .  
As a means of l o c a t i n g  thunderstorms.  
Having loca ted  s f e r i c s  sou rces ,  how does one t r a n s l a t e  t h a t  
the kind of convect ive in te rchange  D r .  R ieh l  has  been t a l k i n g  

have t h r e e  d e f i n i t e  s t a g e s  t h e r e .  The f i r s t  one i s  r e a l l y  not  
a meteoro logica l  t h i n g  a t  a l l .  I t ' s  j u s t  an  i n t e r e s t  i n  the  r a d i o  n o i s e .  
Then we have t o  f i x  the  l o c a t i o n  and t r a n s l a t e  it i n t o  information r e l a t i n g  
t o  t h e  genera 1 c i r c u l a t i o n .  

D r .  Rossby: Do you, D r .  P i e r c e ,  and/or  D r .  Hal lgren,  have a f e e l i n g  now f o r  
t he  kind of average b a s i s  t h a t  t he  r a d i a t i o n  p a t t e r n  of a s f e r i c s  source might 
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look l i k e ?  

Dr. Pie rce :  Depending on frequency, the  p a t t e r n  a s  viewed from above the  
ionosphere could be very  d i f f e r e n t  from t h a t  occur r ing  below. One th ing  j u s t  
t r o s s e d  my mind regard ing  the  d i f f e r e n c e s  mentioned between h o r i z o n t a l  and 
v e r t i c a l  f l a s h e s  and  I ' m  going t o  throw i t  out  now. Would the re  be an  
hpprec ieb le  change of a s t a t e  of p o l a r i z a t i o n ?  

D r .  Nordberg: There is cons iderable  r o t a t i n g  even a t  100 mc./sec. 

Voice: That  technique has  been used f o r  measuring t o t a l  e l e c t r o n  conten t  of 
the  ionosphere.  

D r .  F r i t z :  What would be the  s i g n i f i c a n c e  of i t? 

D r .  P i e rce :  I imagine t h a t  i t  means t h a t  i t  would be r a t h e r  d i f f i c u l t  t o  
r e l a t e  a received o r i e n t a t i o n  of s i g n a l  t o  o r i e n t a t i o n  of l i g h t n i n g .  

D r .  F r i t z :  I n  o t h e r  words, you wouldn't  be a b l e  t o  loca t e  the  s p e c i f i c  source 

D r .  Nordberg: No, i t  means you wouldn't be a b l e  t o  loca t e  the  o r i e n t a t i o n  of 
the  s t r o k e  t o  t e l l  whether i t  was a h o r i z o n t a l  s t r o k e ,  v e r t i c a l  s t r o k e ,  o r  
whatever angle  the  s t r o k e  was a t .  Is t h i s  d e s i r a b l e  informetion f o r  t he  
atmospheric  p h y s i c i s t  and the  meteoro logis t?  

D r .  F r i t z :  L e t ' s  see i f  I understand.  I f  you had an  antenna which had a 
l i m i t e d  ang le ,  i t  might see a thunderstorm occur r ing  somewhere else? 

D r .  Nordberq: No, j u s t  t h a t  i t s  p o l a r i z a t i o n  has  r o t a t e d .  

D r .  F r i t z :  It would s t i l l  mean t h a t  the  thunderstorm was underneath the  
s a t e l l i t e .  

D r .  Holzer: Th i s  information is d e s i r a b l e ,  but  i t  c e r t a i n l y  i s n ' t  e s s e n t i a l  
f o r  t he  s o r t  of t h ings  we have been t a l k i n g  about  t h i s  morning. 

D r .  F r i t z :  Does anybody want t o  say  anyth ing  more about  r e s o l u t i o n  problems? 

D r .  Byers: I thought we might go back t o  the ques t ion  t h a t  M r .  H i l l eo ry  
asked.  He d i r e c t e d  i t  t o  P ro fes so r  Riehl ,  which appa ren t ly  d i s q u a l i f i e d  me. 
I n  the  TIROS-Nimbus system, f o r  example, we can ve ry  well f ind  the  effect ive 
r a d i a t i n g  temperature of the  upper s u r f a c e s  of c louds .  
f i n d  o u t  t h e i r  a l t i t u d e s .  

I n  t h a t  way we can 

As you look a t  t he  r e s u l t s  of t hese  surveys ,  you f i n d  t h a t  t h e r e  
a r e  obviously r eg ions  where t h e r e  is a g r e a t  d e a l  of t h u n d e r s t o m  a c t i v i t y ,  
t h a t  w i l l  show up q u i t e  w e l l ,  Many of them have c i r r u s  a t  the  tops  which 
spread f o r  some cases  100 miles o r  more, cover ing  a very  l a rge  a r e a .  

It is impossible t o  t e l l  from these  photographs t o  what e x t e n t  t h i s  
S f e r i c s  i s  c i r r u s  a lone  o r  has  thunderstorm a c t i v i t y  imbedded underneath i t .  

could t e l l  very we11 where the  l i g h t n i n g  a c t i v i t y  c u t s  off. So much of t h i s  
c i r r u s  is s t i l l  extremely dense even some d i s t a n c e  away from t he  c e n t e r  of  
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a c t i v i t y .  So, the  r e s o l u t i o n  would have t o  he good enough t o  t e l l  where 
wi th in  10 miles the l i g h t n i n g  a c t i v i t y  c u t s  o f f  under these  c i r r u s  f i e l d s .  

D r .  F r i t z :  I n  o t h e r  words, you would be ask ing  f o r  a r e s o l u t i o n  f o r  something 
l i k e  10 miles. 

D r .  Byers: Yes. 

D r .  F r i t z :  Is t h i s  p r a c t i c a l ?  

M r .  H i l l ea ry :  I n  cons ider ing  r a d a r  systems, we found t h a t  i t  is u t t e r l y  
hopeless  t o  cons ider  g e t t i n g  anything l ike a good r e s o l u t i o n  and f u l l  coverage 
between o r b i t s .  

D r .  F r i t z :  You might s a t i s f y  D r .  Byers' requirements  without  going a l l  the  
way t o  the  hor izon .  I n  o t h e r  words, say  you have 500 miles i n  a r e a .  Within 
t h a t  a r e a ,  could you have a 10-mile r e s o l u t i o n  t o  avoid the ques t ion  of looking 
out  t o  the  horizon? 

D r .  Riehl :  Once you have an  a rea  of t h i s  type ,  you a l s o  have the  cloud p i c t u r e s  
t o  f a l l  back on. 

D r .  F r i t z :  Yes, bu t  D r .  Byers pointed ou t  t h a t  t he  c i r r u s  would over lap  the 
a r e a  so t h a t  you c o u l d n ' t  t e l l  much. 

M r .  Hubert: I f  you want t o  look a t  the i n t e r t r o p i c a l  convergence zone i n  the 
e a s t e r n  P a c i f i c ,  you can f ind  it  on a map a s  a yel low l i n e  a degree w i d e ,  bu t  
i t  appears  on p i c t u r e s  5' w i d e .  
no t  5' w i d e ,  but  if i t ' s  dense,  i t  is  dense almost a l l  the  way through i t s  
width of 300 miles. 

I ' m  s u r e  t h a t  the  r e a l  a c t i v e  convect ion is 

D r .  Vonnegut: It seems t o  me t h a t  one might be a b l e  t o  t e l l  what was going on 
underneath the  c i r r u s  by observing the  o r i e n t a t i o n  of the  i c e  c r y s t a l s  caused 
by the  e l e c t r i c  f i e l d  produced by the  s torm.  

I was wondering whether any of the  s a t e l l i t e  p i c t u r e s  t h a t  a r e  
obta ined  of t hese  c i r r u s  s h i e l d s  eve r  show the  r e f l e c t i o n  of the  sun. Frequent ly ,  
from an  a i r c r a f t  you can look down and see a b r i g h t  image of the  sun on t h e  
h o r i z o n t a l  ice C r y s t a l s .  

I n  the  case  of an  e l e c t r i f i e d  storm, I would imagine t h a t  t he re  would 
be a displacement  of t h i s  b r i g h t  zone. The s u n l i g h t  would no longer  be 
r e f l e c t i n g  o f f  the  h o r i z o n t a l  s u r f a c e s  f o r  the  ice c r y s t a l s  would be t ipped  
by the  e l e c t r i c  f i e l d .  It may be t h a t  you can ga in  some evidence of e l e c t r i c a l  
a c t i v i t y  going on underneath by looking a t  the  r e f l e c t i v i t y  of the  c i r r u s  s h i e l d  
Has t h i s  been t r i e d ?  

M r .  Hubert: We had a quick  look a t  t h i s ,  bu t  we weren ' t  aiming a t  t h i s  a t  a l l .  
We looked f o r  the  b r i g h t  sun s p o t  i n  r e f l e c t i n g  c louds  and they  d i d n ' t  appear  
t o  be e x a c t l y  i n  the  r i g h t  p l a c e .  We a t t r i b u t e d  t h i s  probably t o  the  forward 
s c a t t e r i n g  of d r o p l e t s  r a t h e r  than  the  o r i e n t a t i o n  of ice c r y s t a l s .  You have 
t o  t ake  these  two f a c t o r s  i n t o  account .  
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We have looked a t  some of t he  t h i n g s  t h a t  C a r l  Erickson d i d .  We 
checked t h i s  and d i d n ' t  seem t o  fi.nd the  b r i g h t e s t  spo t  n e c e s s a r i l y  -- it  was 
a long  t h e  plane of t he  sun,  bu t  n o t  a t  the  r i g h t  s p o t .  The b r i g h t n e s s  
~ a s u r e m e n t s  i n  the  photographs a r e  s o  crude t h a t  I ' m  n o t  even s u r e  t h i s  a a 
f i rm  r e s u l t .  Th i s  i s  the impression.  

D r .  F r i t z :  I guess I spoke out  of t u r n  before  when I s a i d  t h a t  nobody had 
done t h i s .  D r .  Byers says  t h a t  D r .  F u j i t a  h a s .  Do you want t o  say  something? 

D r .  Byers: He detects d i f f e r e n c e s  i n  the  r e f l e c t i v i t y .  He i s  no t  s u r e  of  h i s  
i n t e r p r e t a t i o n .  He f e e l s  t h a t  he has  d i s t i n g u i s h e d  between water  and ice 
without  any d i f f i c u l t y .  As t o  whether o r  n o t  he can g e t  the  o r i e n t a t i o n  of the  
c r y s t a l s ,  I j u s t  wouldn ' t  know. I ' l l  sugges t  t h i s  to him and see i f  he can 
f i g u r e  i t  o u t .  

D r .  F r i t z :  D r .  Jones? 

D r .  Jones:  I was j u s t  going t o  a s k  a ques t ion  of t h e  l a s t  gentleman. 

D r .  F r i t z :  That  was M r .  Hubert .  

D r .  Jones:  I haven ' t  been a b l e  t o  i s o l a t e  o r  de tec t  any l i g h t n i n g  r e f l e c t i o n .  
Have you? 

M r .  Hubert: No. 

D r .  Jones:  Would t h e r e  be an  oppor tun i ty  to?  

M r .  Hubert: D r .  Wark t r i e d  t o  f i n d  the  moon on TIROS p i c t u r e s .  Maybe he has  
looked i n t o  t h i s  b r i g h t n e s s  th ing  a l i t t l e  more. I d o n ' t  know. D i d  you do 
any b r i g h t n e s s  c a l c u l a t i o n s  on what t he  v id i con  was capable  of s e e i n g  i n  your 
sea rch  f o r  t he  moon? 

D r .  Wark: I n  t h e  case  of t he  moon, we were very  n e a r  t h e  no i se  l i m i t  of t he  
sys t em.  The moon was so sma l l  anyway t h a t  i t  was only  about  two scan  l i n e s  
w i d e .  We examined many p i c t u r e s  and t h e r e  were so  many l i t t l e  f laws on the  
p i c t u r e s  t h a t  we cou ldn ' t  decide which one might be the  moon and what might 
be j u s t  a b i t  of  d u s t  o r  something e lse .  

Voice: How about  l i g h t n i n g  f l a s h e s ?  

D r .  Wark: We have never taken  any p i c t u r e s  t h a t  I know o f .  

D r .  Nordberq: There have been p i c t u r e s  taken of the  e a r t h  i n  the  da rk .  I 
t h i n k  some people looked f o r  t he  l i g h t s  of Los Angeles o r  the  l i g h t s  of  la rge  
me t ropo l i t an  a r e a s .  We have looked hard but  we could not  d e t e c t  any th ing .  

D r .  Wark: I t h i n k  i t  is a matter of b r i g h t n e s s  i n  t h i s  ca se .  C i t i e s  a r e  
s imply not  very  b r i g h t  i n  comparison wi th  a cloud i l l umina ted  by s u n l i g h t .  

D r .  F r i t z :  Let's see now. There a r e  many o t h e r  ins t rument  c h a r a c t e r i s t i c s  
t h a t  we could d i s c u s s .  
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D r .  Hallgren: I wanted t o  come back f o r  one second t o  D r .  Byers' ques t ion  
on the 10-mile r e s o l u t i o n ,  

I f  a f o r e c a s t e r  had TIROS photographs i n  which c i r r u s  c louds extended 
over a r e l a t i v e l y  l a rge  a r e a ,  he s t i l l  would have no information about  t he  
thunderstorm a c t i v i t y .  However, i f  t h e  f o r e c a s t e r  had measurements i n d i c a t i n g  
the  number of f l a s h e s  of l i g h t n i n g  t h a t  occurred underneath the  c i r r u s ,  t h i s  
would be most si n i f i c a n t  t o  a i r c r a f t  ope ra t ions .  Whether the  thunderstorms 
a r e  a t  21' o r  22 
The important t h i n g  is w i l l  he c r o s s  a l i n e  of severe  thunderstorm a c t i v i t y .  

6 l a t i t u d e  r e a l l y  doesn ' t  make much d i f f e r e n c e  t o  the  p i l o t s .  

Therefore ,  I t h i n k  t h e r e  i s  information t h a t  can be gained from such 
da ta  a l though r e s o l u t i o n  does not  p inpo in t  the  l o c a t i o n  of t he  thunderstorm. 

D r .  F r i t z :  You t h i n k  t h a t  r e s o l u t i o n  of  500 m i l e s  by 500 would s t i l l  be u s e f u l .  

D r .  Hallgren: C e r t a i n l y .  

D r .  Ligda: Our s t u d i e s  of r a d a r  echoes from l i g h t n i n g  can detect  the  g r e a t e r  
echo i n s i d e  the  p r e c i p i t a t i o n  a r e a .  They o f t e n  occur  i n  i s o l a t e d  thunderstorms 
a t  d i s t a n c e s  of 20 t o  25 miles away from the  r a i n  c o r e .  So you g e t  a g r e a t  
d e a l  of e l e c t r i c a l  a c t i v i t y  going on i n  t h e  c i r r u s  s h i e l d  ou t s ide  the  r a i n  co re .  
Besides ,  I wonder i f  a 10-mile r e s o l u t i o n  would h e l p  t o  p i n  these  down. 

D r .  Nordberg: 
many of  t h e  o t h e r  i n s t rumen ta l  problems, t h a t  t o  look f o r  any f i n e r  r e s o l u t i o n  
wi th  p r e s e n t l y  conceivable  s a t e l l i t e  s f e r i c s  systems is j u s t  impossible? 

Can ' t  we s a f e l y  siimmarize, cons ide r ing  D r .  Ligda 's  remark and 

I would l ike t o  say  t h i s .  The f a c t  t h a t  we cannot see l i g h t n i n g  
f l a s h e s ,  o r  c i t i e s  w i th  TIROS cameras i s  simply due t o  the TIROS system i t s e l f .  
You can have cameras t h a t  can observe these  t h i n g s .  They e x i s t .  

- Voice: Perhaps the  a rea  would be l i m i t e d .  

- Voice: 
i f  we had a longer  exposure .  

We could a c t u a l l y  p i ck  out  a c i t y  o r  a l i g h t n i n g  f l a s h ,  p a r t i c u l a r l y  

D r .  Nordberq: But I was t a l k i n g  about  the l i m i t e d  r e s o l u t i o n .  I was not  
t a l k i n g  about  an  o p t i c a l  system. I t h i n k  you can very  e a s i l y ,  well not  e a s i l y ,  
bu t  w i t h  a n  o p t i c a l  system and a v i s u a l  system you can c e r t a i n l y  achieve  g r e a t  
r e s o l u t i o n .  

You can a160 achieve the  i n t e n s i t y  l e v e l .  As a mat te r  of f a c t ,  I 
th ink  t h a t  because Glenn saw l i g h t n i n g  but d i d n ' t  see n o c t i l u c e n t  c louds o r  
a i r  glow, and s i n c e  we have ins t ruments  t h a t  can even see n o c t i l u c e n t  c louds 
and a i r  glow from these  a l t i t u d e s ,  i n d i c a t e s  t h a t  you can bu i ld  an  instrument  
t h a t  would o p t i c a l l y  see the  l i g h t n i n g .  

There a r e  o t h e r  problems t h a t  have come up he re ,  such a s  what do you 
do i f  the  l i g h t n i n g  is obscured by ove r ly ing  c i r r u s .  You w i l l  probably g e t  
more i n d i c a t i o n  o r  l a r g e r  s t a t i s t i c a l  samples i f  you look a t  t he  r a d i o  wave 
f r equenc ie s .  
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Can w e  t a l k  about  antenna problems and hardware problems l i k e  t h i s  of 

p inpo in t ing  100 o r  500 o r  1000 mc. /sec.  s i g n a l s  w i t h i n  a 10-mile a r e a  from the  
s a t e  l l i t e ?  

D r .  F r i t z :  Do you want t o  t a l k  about  t h i s ?  I t h i n k  i t  i s  a n  important p o i n t .  
I d o n ' t  know the  answer.  

( D r .  R ieh l  made some c a l c u l a t i o n s  on the  blackboard) .  

D r .  F r i t z :  This  i s  very good. 

I wonder i f  D r .  Stampfl would t e l l  us  about h i s  views on what i s  
p r a c t i c a l  i n  the  way of r e s o l u t i o n .  What i s  the  lowest r e s o l u t i o n  t h a t  i s  
p r a c t i c a l ?  

D r .  Stampfl:  Well, I h a t e  t o  do t h i s  i n  the  presence of s o  many e x p e r t s  who 
have used s f e r i c s  equipment wi th  which I am no t  f a m i l i a r .  

I n  gene ra l ,  a s t a t i c  antenna on the  s a t e l l i t e  can look a t  the  a r e a  
underneath.  I f  you want r e s o l u t i o n  w i t h i n  elements  of t h i s  a r e a  t h a t  the  
s a t e l l i t e  s e e s ,  one has t o  go t o  a scanning system. Scanning of a mechanical 
na tu re  i n  s a t e l l i t e s  is  extremely d i f f i c u l t  and i t  is v i r t u a l l y  impossible t o  
des ign  f o r  any kind of p r a c t i c a l  l i f e t i m e .  So one is  l i m i t e d  t o  e i t h e r - d i s h e s  
and r e f l e c t o r s  and scanning e l e c t r o n i c a l l y ,  o r  t o  l a rge  a rea  a r r a y s  and o b t a i n  
your r e s o l u t i o n  by proper  phasing.  

S tud ie s  t h a t  have been done by M r .  H i l l e a r y  and o t h e r  people showed 
t h a t  t o  o b t a i n  beam r e s o l u t i o n  w i t h i n  the  o rde r  of a f r a c t i o n  of a degree 
involves  a h igh  amount of complexity and very  l a r g e  weight .  One f i g u r e  t o  keep 
i n  mind I t h i n k ,  i s  40 miles from the  Nimbus s a t e l l i t e  a l t i t u d e  r e q u i r e s  roughly 
a 3 O  beam. 
s ize  i s  on the  o r d e r  of hundreds of  f e e t .  

I f  one wants t o  do t h i s  a t  a 500 mc./sec. f requency,  the r e f l e c t o r  

To quote a s p e c i f i c  example from memory, we had ca l cu la t ed  t h a t  a 
20-foot d i s h  diameter  is roughly the  p r a c t i c a l  l i m i t ,  assuming 1/10 of a wave- 
l eng th  droop a t  a 3-cm. wavelength. So, i f  one wants t o  go t o  d i s h e s  on the  
o r d e r  of hundreds of f e e t ,  a completely d i f f e r e n t  s a t e l l i t e  concept than those 
p r e s e n t l y  a v a i l a b l e  w i l l  have t o  be devised ,  both mechanical ly  and e l e c t r i c a l l y .  

One cannot d i s c u s s  s f e r i c s  measurements with t h a t  kind of  r e s o l u t i o n  
on e x i s t i n g  s a t e l l i t e s .  I t h i n k  the  only  conclus ion  t h a t  could be reached 
would be t o  des ign  a s a t e l l i t e  which i s  only  o r i e n t e d  towards the  measurement 
of sferic s i g n a l s .  Th i s  is a per sona l  view on t h e  s u b j e c t .  It is only supported 
by those few fac ts  t h a t  I was a b l e  t o  p re sen t  without  doing a s tudy  on the s u b j e c t .  

D r .  F r i t z :  What do you cons ide r  p r a c t i c a l  wi th  the  p re sen t  s a t e l l i t e s ?  

D r .  Stampfl:  I t h i n k  i t  would only  be p r a c t i c a l  t o  cons ide r  s t a t i c  type antennas 
to  view t h e  s f e r i c s  a c t i v i t y  underneath the  sa te l l i t e  area.  The s a t e l l i t e  sees 
the  e a r t h  as a 122O d i s c .  Whatever can be rece ived  from t h i s  122O area can be 
recorded.  Z t h i n k  t h i s  would be a p r a c t i c a l  l i m i t .  

- Voice: No smaller r e s o l u t i o n  than  hor izon  t o  hor izon  is p r a c t i c a l ?  
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D r .  Stampfl: Let's no t  s ay  t h a t .  When you can g e t  down t o  the  s i ze  of one 
Nimbus type p i c t u r e  on the  o r d e r  of  500 miles, you may be r i g h t .  
be p o s s i b l e ,  but  I cannot s a y  what o r d e r  of magnitude i n  weight would be 
r e q u i r e d .  

This  might 

D r .  F r i t z :  I n  o t h e r  words, i t  seems l i k e  t he  p r a c t i c a l i t i e s  of t he  system f o r  
anyth ing  t h a t  i s  going t o  be a v a i l a b l e  soon, l i k e  Nimbus, l i m i t s  us t o  e s s e n t i a l l y  
horizon-to-horizon wi th  not  t oo  much chance of  g e t t i n g  anything f i n e r .  Say you 
have a s t a t i c  angle  underneath the  s a t e l l i t e .  What i s  the  sma l l e s t  s ize  you 
can ge t?  

D r .  Stampfl:  I t h i n k  45' i s  j u s t  about  the  sma l l e s t  you can g e t .  

D r .  F r i t z :  T h a t ' s  the  s ize  of  one p i c t u r e ,  more o r  less,  

D r .  Stampfl:  I t ' s  on t h a t  o r d e r .  

D r .  F r i t z :  We can  do something l ike looking s t r a i g h t  down. You can get  something 
comparable t o  the  s ize  of  t he  p i c t u r e  on Nimbus when t h e  camcra i s  a l s o  looking 
s t r a i g h t  down. 

D r .  Stampfl:  You have t o  keep i n  mind t h a t  the  f i g u r e  you quote i s  a t h e o r e t i c a l  
o r  h a l f  power p o i n t  on the  45O beam. 
i n  s i g n a l  s t r e n g t h  w i l l  be more than  the  f a c t o r  10 a t  t he  s a t e l l i t e ;  probably 
cons iderably  more than  a f a c t o r  of 10. Consequently, what does the 3-db. po in t  
mean? 

A s  f a r  as  my knowledge goes,  the  v a r i a t i o n  

M r .  H i l l ea ry :  D r .  S tampf l ' s  p o i n t  i s  well taken.  This  i s  a h a l f  power p o i n t .  
The s t r o n g e r  s t r o k e s  nea r  the  hor izons  may appear  j u s t  e x a c t l y  a s  would weaker 
s t r o k e s  beneath the  sa te l l i t e .  

D r .  Nordberg: A p o i n t  was r a i s e d  he re  whether w e  are back t o  the  sugges t ion  on 
o p t i c a l  t echniques .  I t h i n k  t h e r e  a r e  two kinds of approaches here  t h a t  could 
be t raded  a g a i n s t  each o t h e r .  Should you have a h igher  r e s o l u t i o n  and a r a t h e r  
l imi t ed  number of observa t ions?  O r ,  would you r a t h e r  have a s  l a rge  a number of 
obse rva t ions  a s  p o s s i b l e  wi th  more to le rance '  on your r e s o l u t i o n ?  

I gained the  impression from t h e  d i s c u s s i o n  t h a t  you would r a t h e r  have 
a l a r g e r  number of obse rva t ions .  There are some cases  where you would l i k e  t o  
have a l o t  of r e s o l u t i o n ,  bu t  i t  seems t o  m e  t h a t  on these  c i r c u l a t i o n  schemes 
t h a t  D r .  R ieh l  has mentioned, provided t h a t  you can g e t  a l l  of the  o t h e r  
assumptions f u l f i l l e d ,  you would like t o  have j u s t  counts  more than  anyth ing  
e lse .  

Even i n  t h e  severe  s torm d e t e c t i o n  I t h i n k  the  p o i n t  t h a t  rece ived  
a l o t  of emphasis,  perhaps most of the emphasis h e r e ,  was whether o l d  f r o n t s  
con ta in  e l e c t r i c a l  a c t i c i t y  o r  i f  they  d o n ' t .  

I t h i n k  i n  most of these  c a s e s ,  even i f  you c a n ' t  o r i e n t  t h e  e l e c t r i c a l  
s i g n a l  very  w e l l ,  i f  you have photographic  coverage from the same s a t e l l i t e  you 
can s t i l l  say  t h a t  over  such and such an  a r e a  I received a l a r g e r  amount of 
counts  than  anywhere e l se  and I see  a f r o n t  going through here.  So, those 
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counts  must be a s s o c i a t e d  wi th  t h a t  f r o n t .  Of course ,  t h e r e  s t i l l  w i l l  be 
many c a s e s  l e f t  where you would l i k e  t o  have r e s o l u t i o n .  

D r .  F r i t z :  Yes. I t h i n k  t h a t  l a s t  was a good p o i n t .  I n  o t h e r  words, i f  we 
end wi th  a r e s o l u t i o n  of something l i k e  500 m i l e s  on a s i d e  when we have 
p i c t u r e s ,  t h e  r e s o l u t i o n  would e s s e n t i a l l y  be l i m i t e d  t o  something a l i t t l e  
b e t t e r .  Th i s  i s  because the  clouds won't cover  the  whole a r e a .  The c louds  
w i l l  be confined t o  a p o r t i o n  of the  a r e a  and t h a t  w i l l  be the  r a d i a t i n g  source .  
So you may have a sma l l e r  s p a t i a l  r e s o l u t i o n .  

D r .  Stampfl:  Yes, but  a g a i n  modified by the  po in t  t h a t  I was t r y i n g  t o  b r ing  
out  before .  I n  the  second p i c t u r e  i n  the  Nimbus sequence t h a t  you don ' t  see 
y e t ,  t he re  might be a severe  thunderstorm which you now a s s o c i a t e  wi th  a 
p o s s i b l e  weak thunderstorm loca ted  i n  the  same f r o n t  p i c t u r e .  I t h i n k  you 
always have t o  cons ider  a t  l e a s t  t h r e e  p i c t u r e  wid ths .  

D r .  F r i t z :  Ac tua l ly  your b a s i c  r e s o l u t i o n  element would always be 122O 

D r .  StamPfl:  
w e l l  above 100 mc . / s e c . ,  because o therwise  you go beyond the hor izon .  

122' coverage.  That you only  g e t  when you s t a y  i n  f requencies  

D r .  F r i t z :  So by t h i s  system i t  looks l i k e  you would be l imi t ed  t o  something 
l i k e  t h e  l a s t  t h ing  U r .  l l i eh l  mentioned. 

D r .  Stampfl:  I t h i n k  the  informat ion  r a t e  t h a t  has  been quoted here  i s  no t  
excess ive .  The t e l e v i s i o n  p i c t u r e  i s  a tremendous informat ion  source  compared 
t o  t h a t .  

Voice: Mr. Chairman, looking a t  the  next  po in t  here  I th ink  we have j u s t  about  
covered w h a t  meteoro logica l  in format ion  can be i n f e r r e d  by counter  s t r o k e .  

Dr. F r i t z :  We have been t a l k i n g  about  the  r e s o l u t i o n  and t h e  s p e c t r a l  i n t e r v a l .  
There are o t h e r  types  of  in format ion .  

D r .  Holzer: I was o r i g i n a l l y  scheduled t o  speak on the  l a s t  s u b j e c t  i n  the  
agenda. S ince  most of  the  m a t e r i a l  has a l r e a d y  been i n j e c t e d  i n t o  the  d i scuss ion  
i n  piecemeal f a sh ion ,  I would like t o  summarize i t .  The s imples t  use of s f e r i c s  
s i g n a l s  t o  d e r i v e  meteorh logica l  in format ion  is  the  measurement of t he  frequency 
of occurrence of  s f e r i c s  ( l i g h t n i n g  s t r o k e s )  from a g iven  a r e a .  Th i s  should 
provide a rough measure of thunderstorm power i n  the  a r e a  and may provide a 
measure of t he  thunderstorms '  e f f e c t i v e n e s s  a s  a v e r t i c a l  t r a n s p o r t  mechanism. 

I f  the  a r e a  which a s a t e l l i t e  has  under s u r v e i l l a n c e  i s  l a r g e  and 
c o n t a i n s  an  important  thunderstorm c e n t e r ,  t h e  s t r o k e  frequency may be 
s u f f i c i e n t l y  high t h a t  t he  r e s u l t i n g  s f e r i c s  s i g n a l s  over lap .  I n  such a case  
a n  i n t e g r a t e d  s i g n a l  could be used i n s t e a d  of  a s t r o k e  count .  A d e c i s i o n  o f  t h i s  
kind could be made when the  a l t i t u d e  of  t h e  o r b i t  was d e t e r m i n e d .  

More r e f i n e d  methods of i n t e r p r e t i n g  s f e r i c s  s i g n a l  such a s  observa t ion  
of  t he  s p e c t r a l  d i s t r i b u t i o n  of energy ,  d u r a t i o n  of t he  s i g n a l ,  e t c . ,  o f f e r  hope 
of p rov id ing  more d e t a i l e d  informat ion  concerning thunderstorms i n  t h e  f u t u r e .  
They are n o t  y e t  s u f f i c i e n t l y  w e l l  developed t o  guarantee  h igh ly  u s e f u l  r e s u l t s  
i n  the  f i r s t  s a t e l l i t e  which measures s f e r i c s .  
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I f  measurements a r e  made on the  ground with a view t o  providing 
information of p a r t i c u l a r  use i n  a s a t e l l i t e  program, s p e c i a l  emphasis should 
be placed on observat ions i n  the  high megacycle region of the spectrum and the 
c o r r e l a t i o n  of these  measurements with lower frequency observa t ions .  It would 
be p a r t i c u l a r l y  advantageous t o  make these measurements i n  the  Tropics .  Perhaps 
the  Indian  workers could be encouraged t o  undertake such measurements. 

D r .  F r i t z :  Would F lor ida  be a good place? 

D r .  Holzer; Yes. It would,  i n  f a c t ,  be des i r ab le  t o  g e t  the  information a t  
more than one loca t lon .  

D r .  F r i t z :  About t h a t  l a s t  po in t  you made t h a t  we need a c o r r e l a t i o n  between 
the  emission i n  the  low frequency and the  high frequency, and then you s a i d  
something about c o r r e l a t i n g  wi th  o t h e r  t h ings .  You ta lked  earlier about 
convection. Is t h a t  what you meant? 

D r .  Holzer: It would be h ighly  des i r ab le  t o  c o r r e l a t e  s f e r i c s  measurements 
w i t h  d i r e c t  observat ions on the  thunderstorms themselves, f o r  example, cloud 
dimensions and r a t e  of growth. Such measurements might be very s i g n i f i c a n t  i n  
a t tempt ing  t o  s tudy the  storm a s  a v e r t i c a l  t r anspor t  mechanism, mentioned 
e a r l i e r  i n  the  d iscuss ion .  

Mr. Hubert: You might do an observa t ion  program something like Anderson a t  GRD 
d i d  on h i s  cloud, where you p ick  out  your storm and photograph i t  with time 
lapse and der ive  a good idea of the  geometry and the  time r a t e  of growth of the 
8 torm. 

D r .  Holzer: D r .  Workman j u s t  now suggested t h a t  one should a l s o  use r ada r  t o  
s tudy storm p r e c i p i t a t i o n .  

D r .  Byers: Does t h i s  mean t h a t  you should o r b i t  the  satel l i te  t o  those a r e a s  
where these  f a c i l i t i e s  a r e  ava i l ab le?  

D r .  Holzer: Well, t h i s  would be d e s i r a b l e .  The s a t e l l i t e  has one very important 
advantage, and t h a t  is it  samples the whole world. This is the  only th ing .  
Other than t h i s ,  a l l  these  should be done on the  ground. 

D r .  Nordberg: Would you say ,  D r .  Holzer,  t h a t  these  measurements a c t u a l l y  should 
be made beforehand? That one should r e a l l y  have these  measurements a s  a 
p r e r e q u i s i t e  t o  s a t e l l i t e  observat ion? 

D r .  Holzer: This  i s  a matter of jud etpent and circumstance.  I be l ieve  t h a t  i f  
there  were an  oppor tuni ty  t o  g e t  s i m  L e equipment on a s a t e l l i t e ,  not necessa r i ly  
designed as a s f e r i c s  s a t e l l i t e ,  but one wi th  a low l a t i t u d e  o r b i t ,  one should 
go ahead with a s t roke  counting program. I be l ieve  t h a t  even t h i s  simple 
measurement would be u s e f u l  i n  providing world-wide information on thunderstorm 
d i s t r i b u t i o n  and would a l s o  be u s e f u l  i n  planning a more e l abora t e  s f e r i c s  
s a t e l l i t e .  However, before one goes i n t o  an  e l abora t e  plan f o r  a s p e c i a l  s f e r i c s  
s a t e l l i t e ,  more ground measurements a r e  d e s i r a b l e .  

D r .  F r i t z :  
something l i k e  t h i s .  

I n  o t h e r  words, i f  I understand your remark, you might go along 
Make the  horizon-to-horizon type of s f e r i c s  measurement 
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which I understand would be r e l a t i v e l y  s imple.  A t  t h e  same t i m e  we should 
make a ground s tudy  t o  p i n  t h i n g s  down. Perhaps then  p l a n  f o r  a more e l a b o r a t e  
s a t e l l i t e  program. 

D r .  Rieh l :  You could do q u i t e  a few experiments  on the  ground. 

D r .  Holzer: Yes. I b e l i e v e  t h a t  i t  would be d e s i r a b l e  to  encourage i n t e r e s t e d  
workers a t  va r ious  l o c a t i o n s  over  the  world t o  make c o r r e l a t e d  thunderstorm and 
s f e r i c s  measurements i n  o r d e r  t o  g e t  a good sampling of d a t a .  

D r .  F r i t z :  I wonder how D r .  Riehl and D r .  Byers would f e e l  about  t h i s ,  i n  view 
of  what has  been s a i d ,  about  t h e  u t i l i z a t i o n  of  measurements which had no s p a t i a l  
r e s o l u t i o n  except  t h a t  i t  sees i n  many i n s t a n c e s  from horizon-to-horizon.  The 
s p a t i a l  r e s o l u t i o n  i n  t h a t  framework i s  determined by the  s a t e l l i t e .  In  o t h e r  
words, you see the  whole world but  you d o n ' t  see anyth ing  s m a l l e r  than an  a r e a  
t h a t  i s  covered from horizon-to-horizon which is on t h e  o r d e r  olf 3,000 miles. 
I n  o t h e r  words, a c i rc le  of 3,000 miles i n  d iameter .  I suppose you can do t h i s  
a s  o f t e n  a s  you p l e a s e .  More o r  less cont inuous ly  you see 3,000- m i l e  c i r c l e s .  

D r .  Byers:  I would say  l e t ' s  no t  t h i n k  only  about  what you might c a l l  t he  
d e s c r i p t i v e  meteoro logica l  a s p e c t s  of t h i s  t h i n g .  I t h i n k  Bob has  brought  up 
some p o i n t s  sugges t ing  t h a t  t h i s  k ind  of  s tudy  i s  i n t e r e s t i n g  i n  i t s e l f .  That 
i s ,  we want t o  f ind  ou t  a l i t t le  more about  the  spectrum of  these  t h i n g s ;  a 
l i t t l e  more about  t he  e n e r g i e s  involved.  

I t h i n k  t h a t  people who use and a r e  s tudying  s f e r i c s  s h o u l d n ' t  always 
be looking around t o  f ind  me teo ro log i s t s  who w i l l  p a t  them on the  back and say ,  
"This i s  going t o  so lve  our  problems." I t h i n k  t h e r e  a r e  t h i n g s  w i t h i n  the  
measurements themselves t h a t  a r e  very much worthwhile .  This  i s  g e t t i n g  a 
l i t t l e  b i t  ou t  of my f i e l d  of competence. The re fo re ,  perhaps I ' m  allowed t o  
a s k  a few s t u p i d  q u e s t i o n s .  

For example, would t h i s  s o r t  of t h i n g  t e l l  us  anyth ing  about  emiss ions  
coming from the  e a r t h  a s  a p l a n e t  c o n t r a s t e d  wi th  some o t h e r  p l a n e t ?  What about  
t h e  s i g n a l s  from J u p i t e r ?  It seems t o  m e  t h a t  t h e r e  are a l o t  of a lmost  
a s t r o p h y s i c a l  problems here  t h a t  have no th ing  t o  do wi th  Herbert  R i e h l ' s  problem 
o r  cloud phys ics  o r  anyth ing  e l s e .  

D r .  Holzer:  Well, Horace, I am n o t  r e a l l y  a rgu ing  f o r  pu re ly  a p r a c t i c a l  
approach.  

D r .  Byers: I know. 

D r .  Holzer: It has been my exper ience  t h a t  one never  Gets enough c o r r e l a t e d  
measurements i n  a geophys ica l  i n v e s t i g a t i o n .  No m a t t e r  what one ' s  immediate 
reason  f o r  t ak ing  c o r r e l a t e d  measurements may b e ,  one u s u a l l y  g e t s  some add i t iona :  
s c i e n t i f i c  va lue  from them. For example, i f  one makes c o r r e l a t e d  iiieasurements 
on s f e r i c s ,  cloud growth, and development of  p r e c i p i t a t i o n  s h e e t s  i t  may he lp  
D r .  Wo-kman e v a l u a t e  a theory  of  thunderstorm charge s e p a r a t i o n .  

D r .  Byers:  What 'I meant was n o t  so  much t h e  t ak ing  of t he  obse rva t ions ,  but  
the  r e c e i v i n g  of them. I n  o t h e r  words, why should we t h i n k  of ou r se lves  a8 
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doing  t h i s  f o r  Herbert  Riehl?  ( l augh te r )  T h a t ' s  no t  e x a c t l y  what I meant t o  
say .  

D r .  Nordberg: C e r t a i n l y  a requirement i s  t h a t  you must have a r a t h e r  w e l l  def ined  
o b j e c t i v e .  That o b j e c t i v e  might be t o  determine the  e a r t h ' s  e lec t romagnet ic  
spectrum. Th i s  might be v a l i d ,  bu t  one would have t o  d e f i n e  the  o b j e c t i v e s ,  
and see t h a t  t he  o b j e c t i v e  can be m e t  w i th  t h e  in s t rumen ta t iona l  c o n s t r a i n t s  
t h a t  would be placed on the  experiment .  

I t h i n k  t h i s  is r e a l l y  what we a r e  t r y i n g  t o  do h e r e .  I t h i n k  i t  is 
reasonable  t o  assume t h a t  a s f e r i c s  experiment would be a g r e a t  c o n t r i b u t i o n  t o  
meteorology. I f  t h e r e  are any o t h e r  c o n t r i b u t i o n s ,  we c e r t a i n l y  want t o  hear  
them j u s t  as  much and want t o  pursue them j u s t  as  much. 

The same cond i t ion  would ho ld .  You would have t o  d e f i n e ,  and you have 
t o  know what you are a f t e r ,  and you have t o  know t h a t  what you are a f t e r  can 
r e a l l y  be accomplished. 

1 D r .  Holzer: S f e r i c s  information i n  the  h igh  frequency reg ion  is s t i l l  very  
!meager .  A s tudy  of t h i s  p o r t i o n  of t he  s f e r i c s  spectrum, which is important  

f o r  s f e r i c s  s a t e l l i t e  work because these  s i g n a l s  p e n e t r a t e  t h e  ionosphere,  
would a l s o  c o n t r i b u t e  t o  the  ques t ion  of  t he  o r i g i n  of the  s i g n a l s  from J u p i t e r .  
A f t e r  a s tudy  of t he  h igh  frequency s f e r i c s  s i g n a l s  we would be i n  a b e t t e r  
! p o s i t i o n  t o  a s s e s s  the  p o s s i b i l i t y  t h a t  t h e  s i g n a l s  from J u p i t e r  ere produced 
]by l i g h t n i n g .  

D r - .  F r i t z :  I t h i n k  from the  p o i n t  of view of the  as t ronomica l  type of t h i n g  
t h a t  you j u s t  mentioned, t he  horizon-to-horizon measurement would be one t h a t  
could lend some evidence t o  t h a t  ques t ion .  

I d i d n ' t  hea r  from Herbert  Riehl  a s  t o  what he th inks  of the  horizon-  
to-horizon measurement independent of  J u p i t e r .  

D r .  Riehl :  I t h i n k  t h a t  I would probably ag ree  wi th  you t h a t  s e r i o u s  measurements 
undertaken i n  t h i s  manner can  lead t o  a l l  kinds of consequences. My understanding 
had been t h a t  t h i s  would be a c o n t r i b u t i o n  t o  weather a n a l y s i s  and f o r e c a s t i n g .  
From t h i s  viewpoint the  horizon-to-horizon scanning would be a c o n t r i b u t i o n .  I 
q u i t e  ag ree  wi th  Horace. 

D r .  F r i t z :  Do you want t o  say  something, D r .  P i e rce?  

D r .  P i e rce :  I n o t i c e  t h a t  D r .  Holzer omit ted say ing  anyth ing  about  EOGO no i se  
s a t e l l i t e ,  i n  which he has  an  experiment .  ( l augh te r )  

D r .  Holzer: I omit ted mention of the  experiment because I doubt t h a t  the  r e s u l t s  
of our  EOGO measurements w i l l  be of g r e a t  importance t o  the  p a r t i c u l a r  s u b j e c t  
pnder  d i s c u s s i o n  he re .  A s  I view the  problem t h e r e  are t h r e e  s p e c t r a l  reg ions  
Fn which sfer ics  s i g n a l s  may p e n e t r a t e  t he  ionosphere i n  o rde r  t o  reach  a 
e a t e l l i t e .  F i r s t ,  t h e r e  i s  the  high frequency reg ion ,  s u b s t a n t i a l l y  above 10 
mc. /sec.  which we have d iscussed  a t  some l eng th  t h i s  morning. Second, t h e r e  is 
the  w h i s t l e r  mode r eg ion .  Most of  the  energy in w h i s t l e r  modes appears  t o  l i e  
' in the  low k i l o c y c l e  range.  Thi rd ,  t h e r e  is t he  ELF reg ion ,  e s p e c i a l l y  the  low 
audio  and sub-audio f r equenc ie s ,  i n  which p e n e t r a t i o n  of  the ionosphere may 
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occur .  The two s p e c t r a l  regions which we have not  discussed a r e  i n t e r e s t i n g  
'1 i n  t h e i r  own r i g h t  but a r e  not l i k e l y  t o  cont r ibu te  a s  much meteorological 

I , information as the megacycle region on which we have concentrated our  a t t e n t i o n .  

The w h i s t l e r  mode s f e r i c s  a r e  not w e l l  adapted t o  a meteorological 
s tudy because they may propagate a considerable  d is tance  i n  the earth-ionosphere 
"wave guide" before pene t ra t ion  of the  ionosphere i n  the magneto-ionic w h i s t l e r  
mode. Thus, information on the geographical o r i g i n  of such a s i g n a l  observed 
a t  a s a t e l l i t e  i s  very meager. Further ,  s ince  the s i g n a l s  t r a v e l  g r e a t  d i s t ances  
i n  the d i spe r s ive  medium, t h e i r  wave forms a r e  very d i f f e r e n t  from the  s i g n a l s  
which t r a v e l  only i n  the earth-ionosphere wave guide and which have been s tudied 
ex tens ive ly  a t  the  sur face  of the e a r t h .  The s p e c t r a l  energy d i s t r i b u t i o n  of 
the  two types of s i g n a l s  i s  probably the only leg i t imate  bas i s  of comparison. 
D r .  H e l l i w e l l  has an experiment on EOGO which w i l l  cover the wh i s t l e r  mode 
frequencies  and i n  approximately two years  he may have valuable  da ta  on these 
ma t t e r s .  

I n  the ELF range there  i s  a s  ye t  no d i r e c t  information on the  i 
t penet ra t ion  of t h e  ionosphere. Our experiment is designed t o  explore  the  time 
' v a r i a t i o n  of the magnetic vec tor  of e i t h e r  e lectromagnet ic  o r  hydromagnetic 
;waves i n  the  frequency range from 1,000 cyc les / sec .  t o  0.01 cyc les / sec .  While 
'some of the s i g n a l  power i n  the s p e c t r a l  region may have i t s  o r i g i n  i n  the low 
atmosphere i t  is  more probable t h a t  most of the  power w i l l  be assoc ia ted  with 
s i g n a l s  o r ig ina t ing  i n  the magnetosphere, a t  i t s  boundaries, o r  beyond. We hope 
t o  have some answers i n  approximately two years .  

A t  the  momemt i t  does not appear t h a t  the lower frequency ranges w i l l  
be a s  u se fu l  t o  the immediate problem under d iscuss ion  a s  the  high frequency 
range. Perhaps D r .  P ie rce  has another  view on t h i s  matter. 

D r .  P ierce:  I am j u s t  thinking i n  re ference  t o  geophysical experiments and 
noise  from J u p i t e r  and o the r  such e x t r a - t e r r e s t r i a l  sources .  
s a t e l l i t e  monitoring s f e r i c s  noise  from the  e a r t h ,  it can a l s o  receive noise  
from space which does not normally pene t ra te  the ionosphere. From a geophysical 
po in t  of view t h i s  is j u s t  a s  i n t e r e s t i n g  a s  the  s f e r i c s  no ise .  I th ink  noise  
a t  a l l  f requencies  below about 10 mc./sec., coming from e x t r a - t e r r e s t r i a l  
sources  which we don ' t  know anything about from observat ions on the  sur face  of 
the e a r t h  is  worth s tudy.  

I f  we have a 

M r .  Hubes:  It seems t h a t  one of the  th ings  among the  th ings  t h a t  a r e n ' t  known, 
perhaps because the re  haven ' t  been enough measurements taken, i s  the  e f f e c t  of 
the v a r i a b i l i t y  of the  c r i t i c a l  frequency of the  F2 l aye r  on the s i g n a l s  t h a t  
we a r e  t a l k i n g  about .  

Maybe one of the  th ings  t h a t  could be done is t o  put a piggy-back 
experiment on one of our  meteorological  s a t e l l i t e s .  A l i t t l e  t y p i c a l  s f e r i c s  
genera tor  t h a t  would run the whole spectrum gamut. Then you s i t  on the  ground 
and when i t  passes  over a t  d i f f e r e n t  zen i th  angles  you can at tempt  t o  read these 
s i g n a l s  and thereby g e t  some idea of the  v a r i a b i l i t y  of t i m e  and space and the 
angle  of these  p a r t i c u l a r  th ings .  

- Voice: What you a r e  suggest ing is  r e a l l y  an experiment t o  study the ionosphere. 
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'Dr. F r i t z :  Maybe t h i s  should be d iscussed  a f t e r w a r d s .  

Dr. Nordberq: I do n o t  t h i n k  t h a t  you would g e t  much informat ion  on the  
ionosphere t h a t  you cou ldn ' t  g e t  by o t h e r  means. 

Dr. F r i t z :  We probably should c a l l  t h i s  meeting t o  a c l o s e .  We have d iscussed  
p r e t t y  much what we set  o u t  t o  do, namely, a t  l e a s t  some people would l i k e  t o  
have very  seve re  l i m i t a t i o n s .  We have almost  s e t t l ed  on the  frequency r ange ,  
except  f o r  t h i s  l a s t  p o s s i b i l i t y  t h a t  D r .  Holzer mentioned. 

We have decided t h a t  i t  is  important  t o  g e t  some informat ion  i n  t h i s  
f requency range,  and a l s o  t o  g e t  o t h e r  a s s o c i a t e d  types  o f  in format ion  about  
t he  c louds  so t h a t  one could e x t r a p o l a t e  l a t e r  when the  s a t e l l i t e  measurements 
become a v a i l a b l e .  

A s  f a r  a s  recommendations f o r  t h e  f u t u r e  are  concerned, I t h i n k  we 
more or less ag ree ,  a t  l e a s t  t h e r e  were no s e r i o u s  o b j e c t i o n s ,  on t h e  idea  
t h a t  we should perhaps t r y  a very  s imple s f e r i c s  experiment from the  s a t e l l i t e  
a s  soon a s  i t  can be made a v a i l a b l e .  Not on ly  the  horizon-to-horizon measunnent 
should be made from a s a t e l l i t e ,  but  we should go ahead s imul taneous ly  wi th  the  
ground s t u d i e s  which D r .  Holzer o u t l i n e d .  

Also we should be th ink ing  of a more s o p h i s t i c a t e d  s a t e l l i t e  experiment 
f o r  s f e r i c s  when and i f  t he  d a t a  obta ined  i n  t h e  f i r s t  programs warran t  i t .  

D r .  Stampfl:  A 45O beam a n g l e ,  t ak ing  a l l  f a c t s  i n t o  account  w i l l  probably 
g e t  you knowledge from hor izon- to-hor izon .  

D r .  F r i t z :  I thought  t h a t  you were advoca t ing  an  ins t rument  which d i d n ' t  have 
any 45" a n g l e .  

Dr. Stampfl:  I a m  advoca t ing  an  ins t rument  which has  an  antenna beam a s  good 
a s  we can make i t .  A s t a t i c  antenna beam, be i t  45' o r  30 

\ t h a t  o r d e r  of magnitude. Due t o  the  tremendous range i n  power l e v e l s  of  
\ l i g h t n i n g  s t r o k e s ,  you w i l l  no t  know where the  a c t i v i t y  came from. 

0 
o r  something on 

D r .  F r i t z :  I understand t h a t ,  but  I d i d n ' t  r e a l i z e  t h a t  was your p o i n t .  

Dr. Stampfl:  There i s  one p o i n t  t h a t  I t h i n k  go t  l o s t  i n  the  d i s c u s s i o n  on 
r e s o l u t i o n .  Th i s  is  the  p o i n t  on i n d i c a t i o n  of t he  s i g n a l s .  There seem t o  
be many s p i k e s  a s s o c i a t e d  wi th  one s t r o k e  and a s t r o k e  coun te r  may g ive  you 
f a l s e  r e a d i n g s .  Do we r e a l l y  have s u f f i c i e n t  in format ion  t o  i d e n t i f y  a l l  t hese  
counts  a s  l i g h t n i n g  s t r o k e s ?  Maybe we w i l l  g e t  many more counts  than  the  1,500 
t h a t  P ro fes so r  R ieh l  has  pu t  on the  blackboard.  

Dr. Riehl :  Th i s  is j u s t  an  e s t i m a t e .  

D r .  Stampfl:  From what I have seen  from the  scope p r e s e n t a t i o n s  t h a t  you showed 
i n  your s l i d e s ,  i t  occur s  t o  m e  t h a t  an  ana log  t r ansmiss ion  would be most u s e f u l .  
This  would s a t i s f y  both the  me teo ro log i s t ,  who i s  on ly  i n t e r e s t e d  i n  average 
f i g u r e s  and coun t s ,  and the  r e sea rche r  who wants t o  see t h e  a c t u a l  wave shape.  
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D r .  F r i t z :  Meteoro logis t s  a r e  a l s o  i n  r e s e a r c h .  ( l augh te r )  

D r .  Stampfl:  With the  f i g u r e s  t h a t  you have p resen ted ,  i t  would be f a i r l y  
s imple t o  implement such an experiment w i th in  approximately 30 pounds of weight 
and a reasonable  power f i g u r e .  I wonder i f  D r .  Ligda has  a comment t h e r e ?  

D r .  Ligda: I t h i n k  t h a t  t h e r e  i s  a p o s s i b i l i t y  the  a r e a  coverage i s  about 
comparable t o  what t h e  s a t e l l i t e  would be s e e i n g .  

D r .  Nordberg: 
t he  s f e r i c s  network. 

This  means you cou ldn ' t  have any s a t e l l i t e  obse rva t ions  without  

D r .  F r i t z :  I n  t h i s  problem, does i t  he lp  t o  measure a t  more than  one frequency? 

D r .  Ligda: There i s  a p o s s i b i l i t y  t h a t  some advantage might be made of  t he  
e f f e c t  of  t h e  in t e rven ing  ionosphere on d i f f e r e n t  f r equenc ie s .  

D r .  Nordberg: Would you have t o  do more of  a waveform a n a l y s i s  i n  o r d e r  t o  
r e so lve  t h i s ?  Is t h e r e  s u f f i c i e n t  in format ion  a t  t he  p re sen t?  

D r .  F r i t z :  Does somebody want t o  answer t h i s  ques t ion?  

D r .  Rossby: How many sources  do you suppose t h e r e  a r e  of broadband no i se  t h a t  
would appear  s iniul taneously a t  two o r  more f requencies?  

D r .  Nordberg: I wonder i f  t h e  emphasis is  r e a l l y  on s i m u l t a n e i t y .  

D r .  P i e rce :  Wouldn't you j u s t  examine s t r u c t u r e ?  This  would be the  f i r s t  
approach t o  a t t empt ing  t o  d i s t i n g u i s h  between s f e r i c s  n o i s e ,  man-made n o i s e ,  
and cosmic no i se  

D r .  Nordberq: I 
of work involved 
been made. 

D r .  Hal lpren:  I 
C e r t a i n l y  people 
c h a r a c t e r i s t i c s .  
and ex tending  i t  

a t  a g iven  frequency.  

suppose you would make such a s tudy .  There i s  q u i t e  a magnitude 
i n  such a s tudy.  I am r e a l l y  a sk ing  whether such a s tudy  has  

would say  t h a t  the  n o i s e  has been s t u d i e d  i n  va r ious  a r e a s .  
have s t u d i e d  the  cosmic no i se  and know many of  the  

t o  the  degree necessary .  
I t ' s  a ma t t e r  o f  summarizing and apply ing  e x i s t i n g  information 

D r .  F r i t z :  In  the  case  of man-made no i se ,  wouldn't  t h a t  a f f e c t  your measurements, 
on the  ground j u s t  a s  w e l l  a s  i t  would the  s a t e l l i t e  instrument? 

D r .  Nordberg: Yes, but  on a q u i t e  d i f f e r e n t  s c a l e .  

D r .  F r i t z :  D r .  Hal lgren  appa ren t ly  i s  going t o  cont inue  h i s  measurements up i n  
New York S t a t e  and i t  might w e l l  be t h a t  ano the r  group down i n  F lo r ida  might do 
a d d i t i o n a l  work t h e r e .  

D r .  Hal lgren:  I ' l l  do t h a t  i n  the  w i n t e r .  ( l augh te r )  

D r .  F r i t z :  I n  the  win te r  you might have t o  go t o  Buenos Aires o r  something 
l i k e  t h a t .  ( l augh te r )  
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A r e  t he re  any o the r  th ings?  A s  f a r  a s  I can see ,  we have discussed 
what we set  out  t o .  We have some recommendations for the  fu tu re  which a r e  
f a i r l y  d e f i n i t e  and c l e a r  c u t .  A t  l e a s t  we know where we want t o  go. Unless 
the re  a r e  any o the r  comments, quest ions,  o r  suggest ions,  I would like t o  thank 
you very s i n c e r e l y  f o r  what I th ink  is a very f r u i t f u l  meeting. 

(The conference was c a l l e d  t o  an end a t  1:15 p.m.) 
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APPENDIX 

P a r t i c i p a n t s  were invi ted  t o  submit any post-conference remarks they 
wished t o  make. Thei r  replies follow: 

D r .  P ierce:  When I returned from the conference,  I made a b r i e f  d i g e s t  of my 
immediate r eac t ions  l a rge ly  f o r  my own b e n e f i t .  However, s ince  t h i s  a l s o  
represents  my present  opinion you may care  t o  incorporate  i t  i n  the  appendix 
t o  the  conference proceedings.  

I. Purpose 

The immediate ob jec t ive  of a s f e r i c s  s a t e l l i t e  would be t o  monitor 
continuously and t o  loca te  a l l  the  a c t i v e  thunderstorm a reas  upon the  sur face  
of the  e a r t h .  Several  s a t e l l i t e s  would be required f o r  f u l l  coverage, but 
valuable  sampling and c l imato logica l  da ta  yould be supplied by even one 
s a t e l l i t e .  

11. Use of Information 

There a r e  very many ways -- both meteorological and otherwise -- in which 
the  da ta  could be employed. Examples a re :  

(a) Improvements i n  fo recas t ing  both from a d i r e c t  and from a c l imato logica l  
use of the  d a t a .  

(b) T rans l a t ion  of the  r e s u l t s  i n t o  so lv ing  problems assoc ia ted  with the 
genera l  c i r c u l a t i o n .  This assumes ( D r .  Riehl)  t h a t  a r eas  of  high 
s f e r i c  a c t i v i t y  a r e  also cen te r s  of convection. 

(c) Applicat ion of the  information t o  the  s f e r i c s  no ise  problems always 
present  i n  t e r r e s t r i a l  r ad io  communication. 

111. Present  Pos i t i on  

The genera l  opinion seemed t o  be t h a t  i t  would be premature a t  the  present  
time t o  design an e l abora t e  s f e r i c s  s a t e l l i t e .  This  was l a rge ly  because of the 
lack  of some fundamental information upon which t o  base the  design, notably the  
poor knowledge of the  power-frequency r e l a t i o n  f o r  the  noise  from a thunderstorm. 

However, i t  w a s  considered t h a t  valuable  information could be p re sen t ly  
obtained even by a crude system. 
than horizon-to-horizon coverage would be use fu l .  
r e l a t e  the  r e s u l t s  obtained with those from a sur face  s f e r i c s  network. A 
frequency of the  order  of 100 mc./sec. should g ive  adequate power and be l a rge ly  
unaffected by the  ionosphere.  

A s a t e l l i t e  g iv ing  no b e t t e r  s p a t i a l  r e so lu t ion  
It would be i n t e r e s t i n g  t o  

I V .  Subsidiary Inves t iga t ions  

It was ev ident  t h a t  before optimizing any s f e r i c s  s a t e l l i t e  syatem, some 
information bes t  obtained by observat ions a t  the  su r face  of the e a r t h  was 
necessary.  This included: 
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(a) An examination of the  noise  power of a thunderstorm a s  a funct ion 
of frequency f o r  a l l  wavelengths i n  the radiofrequency spectrum. 
Observations should not  be confined t o  c e r t a i n  spot  f requencies  a s  
had been l a rge ly  the  case h i t h e r t o .  The information should enable 
the  optimum opera t ing  frequency of a s f e r i c s  s a t e l l i t e  t o  be se l ec t ed .  

(b) Tes t s  whether major convective a reas  i n  the  world do coincide with 
the  ch ief  s f e r i c s  regions;  hence whether the  app l i ca t ion  of s f e r i c s  
da ta  t o  genera l  c i r c u l a t i o n  problems can be made. 

(c) Estimation of the  noise  e m i t t e d  from the  e a r t h  but no t  having an 
o r i g i n  i n  s f e r i c s ,  a t  f requencies  l i k e l y  t o  be used i n  a s f e r i c s  
s a t e l l i t e .  This  would include man-made noise  and, poss ib ly ,  r e f l e c t e d  
cosmic noise .  Such es t imates  would be necessary i n  order  t o  determine 
what proport ion of the  noise  measured i n  a s a t e l l i t e  was r e a l l y  due t o  
s f e r i c s .  

D r .  Ligda: This  i s  an e x t r a c t  from the  o r i g i n a l  r epor t  which might be included 
a s  a footnote  ( t o  page 26). 
of Radar Weather Observations", F ina l  Report Under Contract AF 19 (604) - 1564 

"The Synoptic Analysis and Forecast ing Applicat ions 

"This observat ion is  most s a t i s f a c t o r i l y  accomplished using the  A-R scope, 
with the  antenna pointed i n  the  d i r e c t i o n  of a thunderstorm. The mani fes ta t ion  
of the  s i g n a l  using the  400-mile range s e t t i n g  is  the  sudden appearance of 
(usual ly)  s a tu ra t ion - s t r eng th  "6pikes" f o r  one sweep only along perhaps ha l f  
the  length of the  base l i n e .  The sp ikes  a r e  usua l ly  of the  order  of 50 miles  
range sepa ra t ion  and f l i c k  i n  and out  again so r ap id ly  t h a t  photography has not  
been a t t e m p t e d .  When the  scope i s  put on the 5-mile s e t t i n g ,  the chances t h a t  
any one of these  ind iv idua l  sp ikes  w i l l  appear i n  the  ga te  is perhaps of the 
order  of  about one i n  s i x  o r  seven, so a b i t  of wai t ing  before  one appears i s  
usua l ly  necessary.  Some have been observed, and i t  is  i n t e r e s t i n g  t o  note  t h a t  
the  s i g n a l s  a r e  so s h o r t  i n  du ra t ion  t h a t  no ho r i zon ta l  displacement of the 
t r a c e  during the  t i m e  it rises from, and r e t u r n s  t o ,  the  base l ine  could be 
discerned.  I n  o the r  words, the  s i g n a l s  appear a s  s inP le  v e r t i c a l  l i n e s  r i s i n g  
from the  base l ine .  This  means t h a t  the  ind iv idua l  s i g n a l s  a r e  something less 
than 1 microsecond i n  du ra t ion  and recur  a t  about i n t e r v a l s  of very roughly 400 
microseconds f o r  a per iod of s eve ra l  mi l l i seconds .  The s h o r t  dura t ion  of the  
ind iv idua l  s i g n a l  s t rong ly  suggests  t h a t  i t  is  only produced when cu r ren t  'is 
flowing o r  during successive advances of t h e  stepped leader  prel iminary t o  
formation of the ionized successive advances of the  stepped leader  prel iminary 
t o  formation of the  ionozed channel from which the  much-longer-duration radar  
echoes a r e  received.  
a t  the  most, about 1,000 f t .  i n  one microsecond, i t  is a l s o  hypothesized t h a t  
they do not t r a v e l  back and f o r t h  between the t i p  of the advancing leader  s t roke  
and the  charge cen te r  each t i m e  an advance occurs .  Rather (it  appears) they 
move only i n  one d i r e c t i o n  a t  i n t e r v a l s  and i n  s t e p s  determined by condi t ions  
i n  the  e l e c t r o s t a t i c  complex." 

Since the  e l e c t r o n s  producing the s i g n a l  could only move, 
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