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The wind m o t i o n s  r e s p o n s i b l e  fo r  t h e  s h e a r i n g  of  sodium 

v a p o r  t r a i l s  e j e c t e d  from r o c k e t s  i n  t h e  70 t o  1 4 0  km r e g i o n  
of t h e  uppe r  a tmosphere a re  s u b j e c t e d  t o  a n  a n a l y s i s  based on 

g e n e r a l l y  a c c e p t e d  theor ies  of hydrodynamic t u r b u l e n c e  The 

r e g i o n  from 80 t o  100 km i s  of p a r t i c u l a r  i n t e r e s t  i n  t h a t  h e r e  

t h e  p r e d i c t i o n s  of s h e a r  t u r b u l e n c e  t h e o r y  are w e l l  s u b s t a n t i a t e d .  

The ene rgy  spec t rum of t h e  h e i g h t  s h e a r  is found t o  f o l l o w  t h e  4/3 

power l a w  p roposed  by Tchen, and is  a s s o c i a t e d  w i t h  a v e r t i c a l  

c o r r e l a t i o n  d i s t a n c e  or' app rox ima te ly  6 km, The e x i s t e n c e  of an 

i s o t r o p i c  i n e r t i a l  region of maximum scale 3 km, p r e v i o u s l y  

i n d i c a t e d  by a n a l y s i s  of meteor  da ta ,  i s  conf i rmed.  The v e r t i c a l  

scale Of t h e  t u r b u l e n t  e d d i e s  is found t o  be t h e  a t m o s p h e r i c  

p r e s s u r e  scale  h e i g h t ,  a phenomenon which tias been o h s e r v e d  by 

o t h e r s ,  b u t  wh ich ,  as y e t ,  has n o  s a t i s f a c t o r y  e x p l a n a t i o n .  



1. Turbu lence  Theory 

The comple te  development  of t h e  r e l a t i o n s h i p s  used  i n  t h e  

a n a l y s i s  gf w i n d  shear i s  beyond t h e  scope  of t h i s  work; t h e  

f o l l o w i n g ,  u sed  i n  c o n j u n c t i o n  w i t h  t h e  r e f e r e n c e s  q u o t e d ,  

s h o u l d  p r o v i d e  an a d e q u a t e  background for c o n s i d e r a t i o n  of t h e  

s u b s e q u e n t  a n a l y s i s .  

1,l Energy Spectrum A n a l y s i s  

If t h e r e  e x i s t s  i n  a t u r b u l e n t  flow f i e l d  a r ange  of 

scales  which r e c e i v e  ene rgy  from larger  scale m o t i o n s  and p a s s  

i t  on undiminished  t o  smaller scale m o t i o n s ,  t h e n ,  f o r  t h i s  so- 

ca l led  i n e r t i a l  ( n o n d i s s i p a t i v e )  range of scales,  t h e  o n l y  

form of ene rgy  spec t rum f u n c t i o n  d i m e n s i o n a l l y  p o s s i b l e  is 

E(k) = as 2/3k-5/3 (Kolmogorof f , 1941) 

where c is  the  r a t e  a t  which t h e  t u r b u l e n t  ene rgy  i s  r e c e i v e d  by 

(and l e a v e s )  t he  i n e r t i a l  range  of scales,  k is  t h e  wavenumber 

v e c t o r  c o r r e s p o n d i n g  t o  t h e  real s p a c e  scale r ,  and a is an 

a b s o l u t e  c o n s t a n t  of order u n i t y ,  

Batchelor (1953) has  shown t h a t ,  f o r  such  an  i n e r t i a l  

r e g i o n  which  a l so  p o s s e s s e s  t h e  p r o p e r t y  of i s o t r o p y ,  t he  f l u i d  

v e l o c i t y  d i f f e r e n c e s  measured as  a f u n c t i o n  of t h e  s e p a r a t i o n  r 

f o l l o w  t h e  r e l a t i o n  
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_ -  
2/3  [u(x) -u(x  + r) J2 = 4 . 8 2 a ( e r )  O . O . O . O O . O 1  

I n  r ea l  space, t h e  ene rgy  s p e c t r u m  f u n c t i o n  E ( r )  i s  

d e f i n e d  by 

Tchen (1954) h a s  c o n s i d e r e d  an o t h e r w i s e  i s o t r o p i c  

r e g i o n  s u b j e c t e d  t o  a mean s h e a r ,  and  f i n d s  t h a t  e q u a t i o n  1 i s  

modi f ied ,  becoming 

where a i n v o l v e s  a ,  C ,  and t h e  mean g r a d i e n t .  Thus,  €or what  

may be termed s h e a r  t u r b u l e n c e ,  i n  r e a l  space 

0..00.~00..00...0...00000000.04 4/3  E ( r )  - r 

1 . 2  C o r r e l a t i o n  A n a l y s i s  

An ene rgy  spectrum f u n c t i o n  e q u i v a l e n t  t o  t h a t  based on 

v e l o c i t y  d i f f e r e n c e s  can  be f o r m u l a t e d  from t h e  l a t e r a l  or 

l o n g i t u d i n a l  v e l o c i t y  c o r r e l a t i o n s  d e f i n e d  as 
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and 

I .  

Un(X> un(x  + r, 
0 0 . . 0 . 0 0 0 . . . 0 0 0 5  2 

n 
g ( r )  = 

U 

where u f ( x > ,  u f ( x  f r ) ,  u n ( x ) ,  u n ( x  + r> are t h e  t u r b u l e n t  

components  of t h e  v e l o c i t y  a t  t w o  p o i n t s  x and x + r r e s p e c t i v e l y ,  

measured  p a r a l l e l  ( s u f f i x  €1 and normal  ( s u f f i x  n )  t o  t h e  vector  

s e p a r a t i o n  r.  I n  i so t ropic  t u r b u l e n c e ,  uf = u = uo , t h e  

v e l o c i t y  cha rac t e r i s t i c  o f  t h e  e n e r g y  b e a r i n g  eddies  of t h e  

2 2 
n 

Kolmogoroff spec t rum.  

I n t r o d u c t i o n  t o  t h e  e q u a t i o n  of c o n t i n u i t y  for 

i n c o m p r e s s i b l e  f l u i d s  leads t o  t h e  r e l a t i o n  

(von Karman and  Howarth, 1938)  

be tween t h e  f u n c t i o n s  f! a d  g ,  or, i f  t h e  t u r b u l e n c e  is  i s o t r o p i c  

i n  two d i m e n s i o n s  o n l y ,  

. .  These  f u n c t i o n s ,  f and  g ,  may be ca l l ed  E u l e r i a n  space c o r r e l a t i o n  

f u n c t i o n s ,  and  e i t h e r  may be deno ted  by R ( r )  If the  r a n g e  o f  

sca les  u n d e r  o b s e r v a t i o n  is  i n e r t i a l ,  t h e n  R ( r )  mus t  depend o n l y  on 

E, and  t h e  o n l y  3orm d i m e n s i o n a l l y  poss ib le  i s  
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2/3 2 /3  r u0 2 [ l  - R ( r )  1 - c 

2/3 i , e .  1 - R ( r )  - r 
(for any g i v e n  f l o w  f i e l d ,  uo and  e are c o n s t a n t ) .  

I n t r o d u c t i o n  o f  t h e  r e l a t i o n s  6 and  7 above g i v e s ,  

w i t h  c a c o n s t a n t  

2/3 and g = 1 - 4/3  cr 0 . 0 0 0 . . 9  

f o r  t h r e e  d i m e n s i o n a l  i s o t r o p y  

2/3 or f = 1 - 5/3 cr . O O O . O . 1 0  

for i s o t r o p y  i n  two d imens ions  o n l y .  

S i n c e  t h e  v a r i a t i o n s  of  t h e  c o r r e l a t i o n  d i f f e r e n c e  

f u n c t i o n  [1-R(r ) ]  w i t h  r i s  t h e  same as t h a t  of E ( r )  i n  e q u a t i o n  1, 

w e  may suppose  t h a t  t h e  dependence  02 [1-R(r) 

s i m i l a r l y  m o d i f i e d  i n  t h e  p r e s e n c e  o f  a mean s h e a r  

on r w i l l  be 

O Q . . O O " O O 1 l  
4/3 i . e ,  [ l - R ( r ) ]  - r 

I f ,  i n  f a c t ,  e q u a t i o n  11 i s  p e r t i n e n t ,  t h e n  t h e  

r e l a t i o n s h i p s  between f ,  g ,  and  r ( e q u a t i o n s  8, 9 ,  10)  w i l l  now become 

4/3  I " = l - a r  

4 /3  and g = 1 - 5/3 a r  

4 /3  o r  g = 1 - 7/3 ar  
. .  

An i n d i c a t i o n  of t h e  d e g r e e  of i s o t r o p y  can be o b t a i n e d  

by c o n s i d e r i n g  t h e  r a t i o  

1 - 9  
= 1-g 
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.- 

For  two d i m e n s i o n a l  i s o t r o p y  

S = 0.60 w i t h o u t  mean shear  

and S = 0,43 w i t h  mean s h e a r  

For  th ree  d i m e n s i o n a l  i s o t r o p y  

S = 0.75 w i t h o u t  mean shear 

and S = 0,60 w i t h  mean shear 

The r e l a t i v e  impor t ance  of mean shear w i l l  be i n d i c a t e d  by 

t h e  form of e i t h e r  t h e  ene rgy  spectrum f u n c t i o n  E ( r ) ,  or t h e  

c o r r e l a t i o n  d i f f e r e n c e  f u n c t i o n  [l - R ( r )  1. 

2 The P r a c t i c a l  A p p l i c a t i o n  of Turbu lence  Theory 

2 . 1  The Mean Wind P r o f i l e  

I n  a p p l y i n g  t h e  r e l a t i o n s  deve loped  above t o  t h e  wind 

v e c t o r s  measured by means of sodium v a p o r  t r a i l s  e jec ted  as a 

t racer  i n t o  t h e  uppe r  a tmosphere ,  t h e  r e l a t i v e  impor t ance  of t h e  

mean m o t i o n  must  n o t  be ove r looked .  The v e l o c i t i e s  used  i n  t h e  

e n e r g y  spec t rum and c o r r e l a t i o n  a n a l y s e s  of t h e  p r e v i o u s  s e c t i o n  

must be t h e  t u r b u l e n t  v e l o c i t i e s ,  or d e p a r t u r e s  f r o m  t h e  mean 

mot ion .  I n  normal  c o r r e l a t i o n  a n a l y s i s ,  t h e  mean of a s e t  of 

o b s e r v a t i o n s  is u s u a l l y  t a k e n  as t h e  mean v a l u e  of  t h e  measured 

da t a ,  w h i c h ,  when a p p l i e d  t o  wind  h e i g h t  shear da t a ,  would be 

t a n t a m o u n t  t o  t h e  assumpt ion  of a mean w i n d  p r o f i l e  which  i s  
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c o n s t a n t  w i t h  h e i g h t .  Such a p r o f i l e  i s  t h e  e x c e p t i o n  r a t h e r  

t h a n  t h e  r u l e  i n  m e t e o r o l o g i c a l  phenomena, 

P r a c t i c a l l y  any a t t e m p t  t o  p r e s c r i b e  a mean wind  p r o f i l e  

t o  t h e  measured winds  w i l l  be s u b j e c t i v e  t o  a c e r t a i n  e x t e n t ,  

If one u s e s  a po lynomia l  Z i t ,  f o r  example ,  i t  must  be t r u n c a t e d  

beiiore i t  can  assume any o f  t h e  f e a t u r e s  o f  t h e  measured  p r o f i l e  

which  are due t o  t h e  t u r b u l e n t  m o t i o n s  p r e s e n t .  From e x p e r i e n c e  

based on t h e  measurement  o f  w inds  i n  t h e  75 t o  105 km r e g i o n  by 

means of radio r e f l e c t i o n s  f rom meteor t r a i l s  ( E l f o r d ,  1958, 1 9 6 4 ) ,  

a q u a d r a t i c  change  w i t h  h e i g h t  of t h e  mean wind over any  g i v e n  20 k m  

i n t e r v a l  s h o u l d  bes t  descr ibe t h e  c o n t r i b u t i o n  o f  t h e  mean mot ion  

~ 

, 

i s  f i t t e d  to each .  The p ro f i l e s  t h u s  d e t e r m i n e d  are s u b t r a c t e d  

from t h e  r e l e v a n t  measured  p r o f i l e s  t o  give z o n a l  and  mer id iona l  

t u r b u l e n t  v e l o c i t i e s .  
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2 , 2  The D e t e r m i n a t i o n  of E(Ah) 
~ ~- - 

The avai lable  sodium t r a i l  data l i s ts  wind s p e e d  and 

az imuth  a g a i n s t  h e i g h t ,  and u s u a l l y  i n v o l v e s  i r r e g u l a r l y  s p a c e d  

h e i g h t  i n t e r v a l s .  The sampl ing  i r r e g u l a r i t y  e x i s t s  f o r  two 

reasons: 

a )  t h e r e  i s  a n  o c c a s i o n a l  d i Z f i c u l t y  i n  a b s o l u t e l y  

i d e n t i f y i n g  t h e  same p o i n t  on t h e  t r a i l  i n  c o n s e c u t i v e  p h o t o g r a p h s ;  

b) t h e  wind p r o f i l e  between c o n s e c u t i v e  o b s e r v a t i o n a l  

h e i g h t s  i s  l i n e a r ,  T h i s  is  u s u a l l y  obv ious  from t h e  p h o t o g r a p h s ,  

and  c a n  e a s i l y  be a l lowed  f o r  i n  s u b s e q u e n t  a n a l y s i s .  

Whereas e q u a l  h e i g h t  i n t e r v a l  s ampl ing  is n o t  a b s o l u t e l y  

n e c e s s a r y  for s u b s e q u e n t  r e d u c t i o n ,  i t  does s i m p l i f y  t h e  a n a l y s i s ,  

and  so l i n e a r  i n t e r p o l a t i o n  between t h e  l i s t e d  d a t a  p o i n t s  i s  u s e d  

t o  p r o v i d e  a p r o f i l e  w i t h  data  p o i n t s  s p a c e d  0.2 krn i n  h e i g h t .  

The ene rgy  spec t rum f u n c t i o n  i s  computed as 

i n  which 

N = 5(H2-H1) - i 
where i = 1, 2 ,  3,...N 

s u c h  t h a t  Ahl = 0.2 km. 

Ah2 = 0.4 km 

e t c ,  
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a n J  B1, H2 ( i n  km) are  t h e  lower and u p p e r  bounds r e s p e c t i v e l y  

of t h e  r e g i o n  fo r  which  E(ah )  i s  b e i n g  d e t e r m i n e d .  Such 

p a r t i t i o n i n g  of t h e  h e i g h t  range i s  n e c e s s a r y  s i n c e  t h e r e  is  

c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  c h a r a c t e r i s t i c s  of  t h e  f low over 

t h e  t o t a l  h e i g h t  r a n g e  sampled ( u s u a l l y  some 70 t o  200 km). 

Energy s p e c t r u m  f u n c t i o n s  may be c a l c u l a t e d  u s i n g  

a) zorial t u r b u l e n t  v e l o c i t i e s  

b) m e r i d i o n a l  t u r b u l e n t  v e l o c i t i e s  

and c )  t u r b u l e n t  windspeed .  

The t u r b u l e n t  winclspee;i w i s  d e f i n e d  h e r e  as 

w = measured windspeed  - ( (mean zonal wind)2  + 
2 1/2 (mean m e r i d i o n a l  wind) ) 

2.4 C o r r e l a t i o n  A n a l y s i s  

The two c o r r e l a t i o n  f u n c t i o n s  f and g d e f i n e d  i n  1 .2  

r e f e r  t o  t u r b u l e n t  v e l o c i t y  components measured  p a r a l l e l  and 

normal  t o  t h e  s e p a r a t i o n  v e c t o r ,  S i n c e  v e r t i c a l  v e l o c i t i e s  i n  t h i s  

r e g i o n  0 3  t h e  uppe r  atmosphere are so much l e s s  t h a n  t h e  associated 

h o r i z o n t a l  components ,  t h e  magni tude  of t h e  v e r t i c a l  component 

c a n n o t  be de te rmined  T r o m  sodium t r a i l  p h o t o g r a p h s .  (Most w o r k e r s  

i n  t h i s  f i e l d  c o n s i d e r  t h e  u p p e r  l i m i t  f o r  mean p l u s  randorn v e r t i c a l  
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m o t i o n s  t o  be some 10 m e t r e s / s e c )  . However, w e  may r e d e f i n e  

3 and g i n  terms 02 t h e  o r t h o g o n a l  z o n a l  and m e r i d i o n a l  f l o w  

f i e l d s ,  w i t h  a view to i n v e s t i g a t i n g  p o s s i b l e  i s o t r o p y .  T h i s  h a s  

been done by m e t e o r o l o g i s t s  i n  t h e  past ,  w i t h  a t  l e a s t  p a r t i a l  

s u c c e s s  (see,  for example ,  Hu tch ings  (1955) )  

The n o r m a l i z i n g  f a c t o r s  uf - 2  -2 and u, are bes t  es t imated 

by t h e  s t a n d a r d  c o r r e l a t i o n  ? u n c t i o n  d e f i n i t i o n ,  The c o r r e l a t i o n  

f u n c t i o n s  E and g t h e n  becomes 

N ~. 

k + i  'k c u  
k = l  

where u are t h e  z o n a l  t u r b u l e n t  wind v e l o c i t i e s  and  

N 

g (  Ahi> 
Vk+l  'k 

k = l  

where v are m e r i d i o n a l  t u r b u l e n t  wind  v e l o c i t i e s ,  and  N and  i are 

as  p r e v i o u s l y  d e f i n e d  f o r  e q u a t i o n  1 2 .  
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3 P r e l i m i n a r y  R e s u l t s  

The a n a l y s i s  of S e c t i o n  2 h a s  been a p p l i e d  t o  data  obtained 

P r o m  a sodium t r a i l  release over t h e  E g l i n  A i r  Fo rce  Base, 

F l o r i d a  (29.6ON, 86.6°rV) a t  1910 CST on May 21 ,  1963 (Edwards 

e t  a l ,  1963) .  I n  t h i s  e x p e r i m e n t ,  wind speed  and  az imuth  were 

o b t a i n e d  ove r  a h e i g h t  r ange  of 69 t o  1 4 0  km. 

3.1 The Mean Wind P r o f i l e  

S ince  t h e  d a t a  covers t h e  h e i g h t  range from 69 t o  140  km, 

p o l y n o m i a l s  of o r d e r  4 are f i t t e d  t o  t h e  z o n a l  and m e r i d i o n a l  

measured p r o f i l e s .  These y i e l d  mean z o n a l  and m e r i d i o n a l  p r o f i l e s  

= 38,6  - 126h - 244h2 + 174h3 + 205h4 Ume an  

4 V = -30.4 f 19.8h + 148h2 - 16.8h3 - 125h me an  

where u ,  v a r e  i n  metres/sec and h i s  t h e  n o r m a l i z e d  h e i g h t  

g i v e n  by 

- 2  1 max h = (22 - z - z ) ( z  min max min 
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where z i s  the  h e i g h t  var iable  

z t h e  maximum and max 

min t h e  minimum h e i g h t s  of t h e  a v a i l a b l e  data, 

a l l  h e i g h t s  b e i n g  i n  ki lometers ,  

Norma l i za t ion  of t h e  h e i g h t  range s t a b i l i z e s  t h e  

Z 

l e a s t  s q u a r e s  f i t t i n g  p r o c e s s ,  and makes t h e  r e l a t i v e  impor t ance  

of t h e  i n d i v i d u a l  t e r m s  of t he  f i t t e d  po lynomia l s  more o b v i o u s  

t h a n  is  the  case when t h e  mean v e l o c i t i e s  are e x p r e s s e d  as power 

s e r i e s  i n  t h e  a c t u a l  h e i g h t  Z. R e s u l t s  are p l o t t e d  i n  F i g s o l  and 2 ,  

The m e t e o r o l o g i c a l  s i g n i f i c a n c e  of t hese  p r o f i l e s ,  i n  

p a r t i c u l a r  t h e  r e v e r s a l  of bo th  t h e  z o n a l  and  mer id iona l  components 

above 110 km, c a n n o t  be e v a l u a t e d  from c o n s i d e r a t i o n  of t h i s  

s i n g l e  f i r i n g ,  

3.2 The T u r b u l e n t  Wind P r o f i l e  

A s  ment ioned  i n  S e c t i o n  2 ,  t h e  70 to 200 k m  h e i g h t  r a n g e  

c o v e r s  a number of c h a r a c t e r i s t i c a l l y  d i f f e r e n t  regions. The wind 

m o t i o n s  o b s e r v e d  below approx ima te ly  105 k m  i n d i c a t e  t h e  p r e s e n c e  

of small-scale s t r u c t u r e ,  w h i l e  those above 110  km do..not a p p e a r  

to be a t  a l l  t u r b u l e n t ,  even though v e r t i c a l  shear i s  p r e s e n t ,  

I n  t h e  r e s u l t s  p r e s e n t e d  here,  d i s c u s s i o n  i s  c o n f i n e d  t o  t h e  

c o n s i d e r a t i o n  of t h e  r e g i o n  from 80 t o  100 km,  which h a s  been found  

t o  be r e p r e s e n t a t i v e  of a t u r b u l e n t  r e g i o n  which  can  be a d e q u a t e l y  
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d e s c r i b e d  by ava i l ab le  s t a t i s t i c a l  t h e o r i e s  of hydrodynamic 

t u r b u l e n c e  (Blamont and Jager ,  1961 ;  Zimmerman, 1962 ;  Roper ,  19E2) ,  

The measured  zonal  and  m e r i d i o n a l  p r o f i l e s ,  and t h e  

d e v i a t i o n s  from t h e  mean wind 'for t h e  h e i g h t  r a n g e  80 t o  100 km 

are p l o t t e d  i n  F i g u r e s  3 t o  6. Whereas t h e  i m m e d i a t e l y  o b v i o u s  

w a v e l i k e  n a t u r e  of t h e  t u r b u l e n t  p r o f i l e  would s u g g e s t  a wave 

t h e o r y  approach  as l i k e l y  t o  be t h e  most p r o f i t a b l e  f o r  c o n s i d e r a t i o n  

o f  t h e  wind  mot ions  i n  t h i s  r e g i o n ,  a p p l i c a t i o n s  o f  ava i lab le  wave 

t h e o r i e s  (e .g . ,  H i n e s ,  1959)  have n o t  p roduced  c o n s i s t e n t  r e s u l t s ,  

The p o s s i b i l i t y  o f  g e n e r a t i o n  of t u r b u l e n c e  i n  t h e  80 t o  100 k m  

r e g i o n  by v e r t i c a l l y  p r o p a g a t i n g  g r a v i t y  waves h a s  been  p r o p o s e d  

by H i n e s  (1963) The p u r p o s e  of  t h e  p r e s e n t  work ,  however ,  is  n o t  

to d e t e r m i n e  t h e  source of  t h e  t u r b u l e n t  e n e r g y ,  b u t  r a t h e r  t o  

s u b s t a n t i a t e  t h e  e v i d e n c e  t h a t  t h e  o b s e r v e d  s h e a r s  c h a r a c t e r i z e  

a r e g i o n  o f  hydrodynamic t u r b u l e n c e  

3 3 The Energy Spec t rum F u n c t i o n s  

The e n e r g y  s p e c t r u m  f u n c t i o n s  f o r  t h e  z o n a l  and m e r i d i o n a l  

t u r b u l e n t  w i n d  p r o f i l e s  f o r  t h e  80 t o  100 km r e g i o n  have been  

computed u s i n g  t h e  methods  described i n  S e c t i o n s  2.2 and 2 . 3 ,  

A s  c a n  be seen  from F i g u r e s  7 and 8 ,  t h e  v e l o c i t y  d i f f e r e n c e  

I s p e c t r u m  E(Ah) and t h e  c o r r e l a t i o n  d i f f e r e n c e  f u n c t i o n  [ l - f (Ah)  1 
f o r  t h e  z o n a l  t u r b u l e n t  v e l o c i t i e s  are c o m p l e t e l y  e q u i v a l e n t ,  

T h i s  i s  n o t  s u r p r i s i n g ,  s i n c e  b o t h  f u n c t i o n s  are s o l u t i o n s  o f  t h e  

same e q u a t i o n  
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F = a Ahm 

(see S e c t i o n s  1,l and 1 . 2 ) .  

S i m i l a r l y  f o r  t h e  m e r i d i o n a l  s p e c t r a  of F i g u r e s  9 and  10, 

The s l o p e  m o f t h e  l og  l o g  p l o t s  of b o t h  t h e  z o n a l  and m e r i d i o n a l  

E(m) (or [l-R(Ah) 1) spectrum f u n c t i o n s  aga ins t  h e i g h t  d i f f e r e n c e  

Ah i s  c o n s t a n t  a t  4/3 f o r  separat ions Ah u p  t o  3 km, i n d i c a t i v e  

of an i s o t r o p i c  r e g i o n  s u b j e c t  t o  a mean wind  s h e a r  (Tchen,  19541,  

3 , 4  I s o t r o p y  

Since t h e  e n e r g y  spectrum f u n c t i o n s  and t h e  correlat ion 

d i f f e r e n c e  f u n c t i o n s  a l l  follow an e s t a b l i s h e d  ( s h e a r )  l a w  a t  s m a l l  

sca les  i n  t h e  h e i g h t  r ange  f rom 80 t o  100 km, i t  is  poss ib le  t o  

d e t e r m i n e  t h e  n a t u r e  o f  t h e  i s o t r o p y  a t  t h e s e  scales  i n  t h i s .  

r e g i o n  

F i g u r e  13, c u r v e  A ,  is  a p l o t  of  t h e  v a r i a t i o n  o f  

1-f s = -  
1-g 

a g a i n s t  Ah, 

I n  t h e  r e g i o n  up t o  a scale of 3,5 k m ,  S h a s  a v a l u e  of 

a p p r o x i m a t e l y  0.7, i n d i c a t i n g  a n  i s o t r o p y  l y i n g  somewhere be tween 

t w o  and  t h r e e  d i m e n s i o n a l .  The i n c r e a s e  i n  S a t  scales g r e a t e r  

t h a n  a p p r o x i m a t e l y  3 km is  due t o  t h e  breakdown a t  t h i s  scale of 

t h e  4 / 3  power l a w  i n  b o t h  z o n a l  and m e r i d i o n a l  s p e c t r u m  

f u n c t i o n s  
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The f u n c t i o n  S h a s  been found t o  be q u i t e  s e n s i t i v e  

t o  v a r i a t i o n  i n  t h e  parameters s p e c i f y i n g  t h e  mclan wind p r o f i l e s ,  

F o r  example,  i f ,  i n s t e a d  of t h e  f o u r t h  order po lynomia l  f i t s  t o  

t h e  t o t a l  h e i g h t  r a n g e  of t h e  z o n a l  and  m e r i d i o n a l  da ta ,  l i n e a r  

mean wind p r o f i l e s  are f i t t e d  o v e r  t he  h e i g h t  r a n g e  80 t o  100 

k m  o n l y ,  subsequen t  s p e c t r u m  a n a l y s i s  y i e l d s  t h e  S f u n c t i o n  of 

c u r v e  B of F i g u r e  13. T h i s  c u r v e  would i n d i c a t e  t h e  e x i s t e n c e  

of th ree  d i m e n s i o n a l  i s o t r o p y  for scales  up t o  3 km, I t  i s  

poss ib le  t h a t  t h e  4 t h  order  po lynomia l  f i t s  a re ,  i n  f a c t ,  a t t r i b u t i n g  

a s m a l l  f r a c t i o n  of t h e  random wind v a r i a t i o n s  t o  t h e  mean m o t i o n ,  

However, i n  order  t o  co r re l a t e  s p e c t r a  o b t a i n e d  f o r  d i f f e r e n t  h e i g h t  

s t r a t a  (as  is done i n  t h e  n e x t  s e c t i o n ) ,  a c o n t i n u o u s  mean p r o f i l e  

is  r e q u i r e d ,  and has t h e r e f o r e  been u s e d  t h r o u g h o u t  t h e  a n a l y s i s .  

3,5 Ver t i ca l  S c a l e  
c 

The v e r t i c a l  scale associated w i t h  t h e  t u r b u l e n t  wind 

s t r u c t u r e  i s  c o n v e n i e n t l y  d e f i n e d  by t h e  4h c o r r e s p o n d i n g  t o  t h e  

maximum value of e i t h e r  E(Oh) or [1-R(Ah) 1. A s  can  be s e e n  from 

F i g u r e s  7 ,  9 and 11, which are p l o t t e d  u s i n g  z o n a l ,  m e r i d i o n a l  

and  windspeed t u r b u l e n t  v e l o c i t i e s  r e s p e c t i v e l y ,  t he  v e r t i c a l  

c o r r e l a t i o n  d i s t a n c e  as d e z i n e d  above i s  n o t  t h e  same €or e a c h  

component,  i . e . ,  t h e  wind m o t i o n s  a re  n o t  i so t rop ic  a t  t h e  maximum 

of E ( C h )  However, f o r  t h e  pu rpose  of compar i son  w i t h  s t r a t o s p h e r i c  and 



-15- 

lower m e s o s p h e r i c  d a t a ,  whore m e r i d i o n a l  w inds  are ,  for t h e  

m o s t  p a r t ,  n e g l i g i b l e ,  c o n s i d e r a t i o n  need o n l y  be g i v e n  t o  t h e  

z o n a l  e n e r g y  s p e c t r u m .  

The v a r i a t i o n  of v e r t i c a l  scale w i t h  h e i g h t  i n  t h e  

s t r a t o s p h e r e  h a s  been d e t e r m i n e d  by Webb (1964) f rom a se r i e s  of 

Robin s o u n d i n g s  a t  E g l i n ,  H i s  r e s u l t s  i n d i c a t e  an  e x p o n e n t i a l  

i n c r e a s e  of t h e  v e r t i c a l  scale w i t h  h e i g h t ,  f rom a p p r o x i m a t e l y  

888 metres a t  35 km t o  2 km a t  55 k m .  H e  h a s  e x t r a p o l a t e d  t h i s  

e x p o n e n t i a l  t o  a h e i g h t  of 90 km, and  f i n d s  a v e r t i c a l  sca le  of 

6 km which  i s  t h e  v a l u e  d e t e r m i n e d  for t h i s  h e i g h t  by Greenhow (1959) 

f rom a c o r r e l a t i o n  a n a l y s i s  oil wind s h e a r s  d e t e r m i n e d  by means of 

r a d i o  r e f l e c t i o n s  3rom meteor t r a i l s  a t  J o d r e l l  Bank (53ON). 

I n  o r d e r  t o  i n v e s t i g a t e  t h e  change  w i t h  h e i g h t  of t h e  

v e r t i c a l  cor re la t ion  d i s t a n c e  i n  t h e  80 t o  130 km r e g i o n ,  t h e  

sodium t r a i l  d a t a  was s u b j e c t e d  t o  a s t e p w i d e  a n a l y s i s ,  s t a r t i n g  

w i t h  t h e  75 t o  95 km h e i g h t  r ange ,  and  p r o c e e d i n g  v i a  t h e  80 t o  

103, 85 t o  105, e t c ,  ranges to 115 t o  135 km. The maxima of t h e  

r e s u l t a n t  'EcAh) c u r v e s  were t h e n  p l o t t e d  as t h e  v e r t i c a l  scales  

a t  t h e  m i d p o i n t s  of t h e  r e s p e c t i v e  h e i g h t  r a n g e s ,  The r e s u l t s  

are shown i n  F i g u r e  1 4 ,  t o g e t h e r  w i t h  Greenhow's d e t e r m i n a t i o n ,  

and  t h e  7.8 k m  a t  94 km (Oc tobe r ,  1961)  d e t e r m i n e d  from radio 

m e t e o r  t r a i l  s h e a r s  a t  Adelaids (35OS) (Roper ,  1 9 6 2 ) .  The dashed  

l i n e  i s  Webb's e x t r a p o l a t e d  v a r i a t i o n .  Whi le  t h e r e  is  e x c e l l e n t  

. .  
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agreement  w i t h  Webb's proposed e x p o n e n t i a l  increase,  t h e r e  

i s  a l so  good agreement between t h e  v e r t i c a l  scales measured  

a t  v a r i o u s  a l t i t u d e s  f o r  t h e  E g l i n  f i r i n g ,  and t h e  a t m o s p h e r i c  

p r e s s u r e  scale h e i g h t  ( a l so  shown i n  F i g u r e  14). T h i s  phenomenon 

h a s  a l so  been o b s e r v e d  by o t h e r s  (e .g . ,  Zimmerman (1964)) .  A s  

y e t ,  no s a t i s f a c t o r y  e x p l a n a t i o n  fo r  s u c h  a dependence h a s  been 

p roposed  

Above 125  km, t h e  magn i tudes  of t h e  d e v i a t i o n s  of t h e  

measured  winds from t h e  mean wind v a l u e s  becomes i n s i g n i f i c a n t .  

Wind m o t i o n s  a t  t h e s e  h e i g h t s  f o r  t h i s  p a r t i c u l a r  f i r i n g  are 

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

C o n c l u s i o n s  

The t e c h n i q u e s  of spec t rum a n a l y s i s  h a s e d  on hydro@ namic 

t u r b u l e n c e  t h e o r y  can  be p r o f i t a b l y  a p p l i e d  t o  wind da ta  obtained 

from sodium t r z i l  r o c k e t  f i r i n g s ,  a t  l e a s t  i n  t h e  h e i g h t  r a n g e  

from 80 t o  100 km. The a n a l y s i s  o f  f u r t h e r  f i r i n g s  s h o u l d  

i n d i c a t e  whe the r  or n o t  t h e  mean p r o f i l e s  d e t e r m i n e d  as a p r e l u d e  

t o  spectrum a n a l y s i s  have any meteorological s i g n i f i c a n c e .  
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Appendix I 

Resume of  t h e  Computer Program 

The computer  program h a s  been w r i t t e n  i n  FORTRAN I V  

for e x e c u t i o n  on an IEM 7094, and cons i s t s  of t h e  f o l l o w i n g  

r o u t i n e s :  

1. The main program SHEAR w h i c h  reads and  does some p r o c e s s i n g  

of t h e  i n p u t  data (which i s  punched on c a r d s )  

SHEAR c a l l s  s u b r o u t i n e s  

a) FIT,  which f i t s  po lynomia l  p r o f i l e s  t o  the  zonal and 

m e r i d i o n a l  wind v e l o c i t y /  h e i g h t  p r o f i l e s  by t h e  method of l e a s t  

s q u a r e s ,  u t i l i z i n g  

b) MATS, t o  so lve  t h e  s e t  of i ndependen t  l i n e a r  equat ions 

c) The t o t a l  wind s p e e d  p r o f i l e  is  c a l c u l a t e d  by TRADE. 

d) OUTPUT pe r fo rms  t h e  energy  spec t rum and c o r r e l a t i o n  

a n a l y s e s ,  and  p r i n t o u t  of  same. 

e )  PAGE is  a u t i l i t y  r o u t i n e  which t u r n s  and numbers t h e  

o u t p u t  p a g e s ,  and p r i n t s  an a p p r o p r i a t e  h e a d i n g  on each .  

I n p u t  Data 

The i n p u t  data i s  on punched c a r d s ,  and is read as f o l l o w s :  

1. Header Card ;  t h e  i n f o r m a t i o n  punched on t h i s  c a r d  i s  

p r i n t e d  a t  t h e  t o p  of e a c h  page of o u t p u t ,  The f u l l  72 columns 

can  be used  for any t y p e  of a lphanumer ic  h e a d i n g .  



2 .  The p a r a m e t e r s  s p e c i f y i n g  t h e  mean z o n a l  and  m e r i d i o n a l  

profiles.  These d e t e r m i n e  t h e  Order of the po lynomia l  f i t t e d  t o  

a )  t h e  z o n a l  (punched i n  columns 2,3) and 

b) t h e  m e r i d i o n a l  (punched i n  columns 5,6) measured  

d a t a  t o  d e t e r m i n e  t h e  mean p r o f i l e ,  

e . g . ,  a 5 punched i n  column 3 w i l l  f i t  a po lynomia l  03 t h e  form 

+ a 2 h  + 8 h2 + a4h 3 + a5h 4 
al 3 

t o  t h e  z o n a l  wind data.  

The maximum allowable v a l u e  o f  t h e  s u b s c r i p t  i i n  t h e  ai above 

i s  10. 

3. The h e i g h t  r a n g e  (must  be i n t e g r a l ,  and  i n  km) over which 

t h e  e n e r g y  spec t rum and c o r r e l a t i o n  a n a l y s e s - a r e  t o  be p e r f o r m e d ,  

T h i s  c a n  be any f r a c t i o n  of t h e  h e i g h t  i n t e r v a l  covered by t h e  i n p u t  

da t a ,  b u t  must  n o t  be l e s s  t h a n  10 k m  u n l e s s  an a p p r o p r i a t e  

s p e c t r a l  r ange  i s  punched i n  column 13. The minumum of the  h e i g h t  

r a n g e  i n t e r v a l  i s  punched i n  columns 2 t o  5, t h e  maximum i n  

columns 6 t o  9. If OUTPUT i s  r e q u i r e d  t o  p roduce  s p e c t r a  over 

h e i g h t  d i f f e r e n c e s  t o  o ther  t h a n  a maximum of 10 k m ,  t h e  r e q u i r e d  

maximum h e i g h t  d i f f e r e n c e  c a n  be punched i n  columns 10 t o  13, T h i s  

e n t r y  must  n o t  e x c e e d  t h e  h e i g h t  r a n g e  spec i f i ed  i n  columns 2 t o  9, 

I f  t h i s  l a s t  f i e l d  i s  l e f t  b l a n k ,  spectra t o  10 k m  are  o u t p u t ,  



4 ,  The t r i a l  data, which m u s t  n o t  exceed  a maximum t o  

minimum h e i g h t  range  of 150 km. 

month, day,  hour  (local t i m e ,  24 hour  c l o c k ) ,  h e i g h t  (km), 

t i n d s p e e d  (metres/sec) , and azimuth (degrees) as follows 

The data is  punched as y e a r ,  

YR YO DAY HOUR HEIGHT WINDSPEED AZIMUTH 

a l l  i n t e g e r  
must be r i g h t  a d j u s t e d  i f  i n t e g e r ;  

anywhere i n  a p p r o p r i a t e  f i e l d  i f  

dec imal  punch i s  inc luded , ,  

5. A f t e r  a l l  data of 4 ,  a b lank  card t o  f l a g  "end of' data". 

6. F u r t h e r  h e i g h t  r a n g e s  as for  3 as r e q u i r e d ,  

7. a) If a change i n  the mean wind p r o f i l e  is  r e q u i r e d  a 

card w i t h  a 2 punched i n  column 1 may be s u b s t i t u t e d  for  any of 

t h e  cards 6,  and followed by a card of fo rma t  2 above which 

s p e c i f i e d  t h e  new p r o f i l e .  T h i s  card i s  then  f o l l o w e d  by f u r t h e r  

h e i g h t  r a n g e s  (as for 6,) as r e q u i r e d .  

7 b) If a comple t e ly  new s e t  of header p l u s  data cards i s  

t o  be processed a f t e r  e i t h e r  s t a g e s  5, 6, or 7a, a card w i t h  a 1 

punched i n  column 1 w i l l  r e t u r n  c o n t r o l  t o  the  s t a r t  of t h e  program, 

which  w i l l  t hen  read i n  t h e  new s e t  of data cards sequenced as 

from 1 above .  



APPENDIX I1 

L i s t i n g  of the FORTRAN IV Program 



S I - E A K  08/ 
E X T E R h A L  F C F M U L 4  h L P B E R  - SOURCE S T A T E M E h T  - I N T E P h A L  

C SODIUP T R A I L  h E I C l - T  SI-EbR A h A L Y S I S  PROGRAM 
C 

t M E R I C I C h ' A L  SHEAR C C P P C N E R T S  
C 
C R E A D S  I h P L T  D A T A  A S  F C L L C W S  
C A H E A L E R  CARD, P L N C k E C  k I T H  C E T A I L S  OF F I R I h G  T I C € ,  ETC. 
C FORMAT 1 2 A 6  
C T H E  P P R A M E T E R S  S F E C I F Y I h C  TkE P E A N  Z O N A L  A N C  M E R I D I C N A L  P R O F I L E S ,  
C FORMAT 2 1 3  
C T H E  H E I G h T  RANGE O V E R  N k I C I '  A N A L Y S I S  I S  T O  B E  P E R F C R V E C t Z M I N ,  
C ZMAX, AhC T H E  P A X I P U P  C F  THE OLTPUT S P E C T R A L  RANGE D E S I R E D .  
C FORMAT 1 X 2 F 4 . 0  I 4  
C S P E C X H A L  RANGE M L S T  hCT E X C E E G  Z M A X - L M I N .  
C I F  NC S P E C T R A L  RPNCE IS S P E C I F I E C ,  Z M A X - Z M I F ;  MUST B E  G q E A T E R  T H A h  
C l O K M ,  A A C  S P E C r R P  k I L L  e E  O L T P L T  TO 1 0 K P .  
C T H E  T R A I L  C A T A ,  Y E P R  PCKTH CAY L C C A L  T I P E  ( h O C R S  A h D  C I N U T E S ,  
C 24 H C L R  C L C C K )  l - E I G k T ( K C )  W I N D  S P E E C I M E T R E S / S E C )  h 1 N D  A Z I M U T H  

C C A L C U L A T E S  T H E  E L E R C Y  S P E C T R U M  F C R  T O T A L  SHEAR, AND FOR Z C N A L  A N C  

C ( D E G R E E S ) *  
C F U R P A T  ? 1 3 * I S , F 5 o l r 2 F 5 - C  
C A B L A N K  CARD 
C FURTHER LPIN, L P P X  as RECUIRED. IF A '2 A P P E A R S  I N  COLUMN 1, 
C PKOGRAP WILL REAC R E X 1  CARD A S  N E k  P R O F I L E  S P E C I F I C A T I C N ,  F O L L O k E D  
C BY F U R T H E R  LMIh, Z P b X  CbRDS.  I F  A 1 A P P E A R S  I N  C O L L M N  1, T H E  
C PKOGRPC WILL R E A L  N E X T  C D R C  AS HEADER C A R D  C F  A C O C P L E T E L Y  N E k  S E T  

C 
C OF o m .  

D l M E h S I C h  I ? Z ( l C ) ,  B Y ( 1 C I  
DI MENS I C N  

O I M E N S I C k  T S P E E D ( 7 5 C  1 ,  4k( 5 1  
C O C C C h  ZI, k I N C I ~ P Z R b C l , Z O N b L , E R I C , T Z O N A L ~ T P E R I D  r T S P E E D  
C=0.05 

R E S U L T  ( 12 ) r Z I  ( 7 5 0 )  rW I N C I (  7 5 0  1 r A Z R A D I (  7 5 0  1 , Z C N A L  ( 7 5 0 )  , 
l E K I D ( 7 5 O )  9 T L C N A L ( 7 5 C ) r T P E R I C (  7 5 C )  

CS=U.OGOOCl  
P I = 3 . 1 4 1 5 9 2 6  
T W O P I - 2  *O*P I 

999 N G O = G  
NI=0 
I =o 
NSUM=G 
Z E R U = O o O  
R E A C  ( 2 , l ) R E S L L T  

1 F O R P A T  ( 12A6  1 

4 F U K M A T  ( 2 1 3 )  
17 R E A C  ( 2 r 4 ) N P v N S  

N F I T Z - 1  
2 REAU(2,31NCO,ZCIh,ZPPX,hCIFF 
3 FORMbT( I l , Z F 4 * G ,  1 4  1 

I F ( N G C ) 1 9 , 1 9 , 1 8  
1 8  I F ( N G C - 2 ) 9 9 9 r 1 7 , 1 7  
19 C O N T I h U E  

20 N D I F F = 1 0  
2 1  M I N = Z P I N t C  

M A X = 7 C A X t C  

I F ( N C I F F ) 2 0 , 2 0 , 2 1  



S t E A K  0 8 /  - I N T E P h A L  L X T C R A A L  F C F F L L A  N L C B E R  - SOURCE S T A T E M E N T  

C 

C 

C 

C 

I F ( N I ) 5 * 5 9 1 G l  
T R A I L  C P T A  I N P L T  

5 H E A O  ( 2 9 6 ) P Y  E A R  VCCN Tk 9 J C U R  * L T  I M  E 9 Z 9 h I N 0  9 A L D E G  

6 F O R ~ P T ( 3 1 3 9 1 5 , F 5 . 1 9 i F 5 . C )  

7 I = 1 + 1  
IF( I - 1 ) 1 1 ~ 1 1 9 8  

8 7 D I F F = L - I  I ( 1-1 1 
W L = l C . i  * L + C  
L L = l C . l . J * Z  I ( 1-1 1 t c  
L D I F F = V 7 - L Z  
I F ( L C I F F - 2 ) 1 2 , l l r S  

I F ( b:Y E A R 1 1 C L  9 1OC 9 7 

1 2  W R I T E  ( 3  * 6 ) M Y  E A R  9CChTk 9 JOIJRVLT I M E ,  Z 9 h I N C * A Z D E G  
W K I T E ( ? * l 3 )  

1 3  F O R M A T ( l X / / / / / l X 2 6 k C P T d  C A R C S  OLT O F  S E G L E N C E / / / / / / l X 2 C H E X E C L T I t n  
l T E R P I h A T E C / / / / / / l X )  

P R I N T  1 3  
C A L C  E X I T  
I N T E R P C L A T  I O N  R C C T  I F \ €  

9 N P O I h T = L C I F F / 2 - 1  
NS lJM=hSUV t R P 0  I N T  
G K A D = ( k I Y C  - bdIhCI(  1 - 1 1  ) / Z C I F F  
A L U I F F = A L C E G / 5 7 * 3 - b L R A C  I (  1 - 1 1  
I F  I A B S  ( A Z C  I F F  1-P I )  9 4  9 4  rS 1 

9 1  I F ( A Z C I F F ) 9 2 , 9 4 9 S 3  
9 2  A L D I F F = A Z C I F F + T k C P I  

G U T 0 9 4  
9 3  A Z O 1  F F =  A L E  I f  F - T k C P  I 
94  A L G R A C = A Z C I F F / Z C  I F F  

r J U l O J = l , h P C I Y T  
z I ( I )  = L  I ( I -  1 )+O . I  
W I N 0 1  ( I ) = h  IN01 I 1-1 1 t C  . 2 * 6 K A C  
A L R A C I ( I ) = A Z H A C I ( I - l ) + L . 2 + d Z G R A C  
I F l A L H A C I I  i 1 ) 9 5 9 S 6 , S C  

9 5  h L R A C I ( I ) = A Z R A C I ( I ) ~ T ~ C P I  

9 7  A Z R A C l l  I ) = A Z 9 A C  I ( I 1 - T k C P I  
9 8  C O N T I h U L  

I=I+l 
10 C O Y T I h U C  
11 ZI(I)=L 

96 I F ( A Z H d C I ( I ) - T k C F I ) S ~ * S e 9 9 7  

W I Y C I ( I ) = h I N O  
A L R A C I (  1 ) = b 7 0 E C / 5 7 . ?  
G O  T C  5 

A L L  C A T A  I \ .  C O P P E h C E  C C C P L T A T I C N  
H U I F F = Z I ( h I ) - L I ( I )  
H P L U S = l  I ( h I  ) t I I  ( 1 )  
C A L C C L b T E  Z O Y A L  ANC P E R  I C  I C h A L  k I N D  C O P P O N t h T S  

7 0 N A L  ( J 1 = k  I N U  I ( J 1 S I h  ( P , !  K A C  I ( J 1 1 

1 G O  N I = I  

OU20 1 J= 1 9  h I 

2 0 1  E R I C ( J ) = k I h C I ( . J ) *  C C S ( A Z H A C I ( J I 1  
101 N L = I - I  

L M  I N= 1~ *P  I h 
L M A X = l O * P A X  



SPEAR 08, 
t X 1  C Y h A L  F C R P U L I  N L P B E R  - SOURCE S T A T E M E N T  - I N T f P h A L  

C A L L  P A G E ( H E S U L T ,  L E P C )  
D U  1 0 4  J =  1 9  I! I 
L L = Z I ( J ) + l C . C t C  
I F ( L L - L P I K  ) 1 O 4 9 1 C 2 r  l C 2  

102 I F (  L Z - L P A X  1 1 O 3 9 1 C 3 9  1C4 
103 N Z = N Z + l  
1 0 4  C U N T I h C E  

1 0 5  F O R M P T ( l X / / / / / l X ? 3 l - T C T A L  NUPRER CF I N P C T  D A T A  P O I N T S  1 8 / / / 1 X Z b H I h C  
W R I T E  ( 3 , 1 C ’ ) N I ~ N S L t ‘ ~ Z C I N , Z C A X ~ N Z t N P ~ N G  

1 L U D I K G  I h T E R P O L A T I C h  OF I597H P O I N T S  / / / / l X 4 5 H N U P R E R  CF D A T A  P O I h T  
2 s  W I T b 1 ; q  T P E  h E I C h T  R A h C E  F 5 0 C 9 6 h  K t ‘  T C s F S . C p 3 H  Kly I B / / / / l X 3 1 H € A S T  
3 h E S T  P R C F I L E  S P E C I F I C 4 T I O N  I 5  / / / l X 3 3 k N O R T P  SOUTH P R C F I L E  S P E C I F I  
4 C A T I C h  I3 / / / l X )  

S l A R T = l  
C A L L  P A C E ( R E S U L T 9 S T P R T  I 
EX I T €  ( 3 ~ 1 3 6  ) Z P I h 9  Z P P X  

106 F O R M A T ( l X 5 0 H C A L C L L A T E C  ZCNAL AND M E R I D I C N A L  MEAN h I N D  P R O F I L E S  
1 1 O X 1 2 k P E I G l - T  RANCE FE,.C,CH K M  T O  F 5 . C t 3 H  K F ” / l H G  

3 i x t i e x , 3 ( 4 % i 2 ~ c b ~ ~  P E A N , 4 X ) * / l X /  1 
2/1: jX 6 k F E I G H T  l C X 5 F Z C N A L  1 3 X l G t - P E R I C I O h A L  l G X l O H I U I I \ C  S P E E D  / 1 X /  

YH I T C =  ( L P A X - Z K  I hJ 1 / 2C 0 0 - C  
Y H I T E = h h I T E t l  
I N K = S + h I + I T F - l  
N F I T = h F I T + l  
I F  ( N F  I T  1 2 0 2  9 2 0 2  9 2 6  3 

C C A L C U L A T E  C O E F F  IC I E N T S  CF MEAN PRUF I L E  P C L Y h O F I  A L S  
202 C A L L  h C R P A L ( Z C N A L ~ E R 1 C ~ Z I t N I ~ ~ Z ~ ~ t ’ ~ ~ P ~ ~ G )  
203  CUNTI\Cf 

C D E T E R P I N E  AND P R I N T  C L T  t’EAFi k I N C  P R O F I L E S  
S U n S = ( Z P A X + L M I N - L I ( l ) ) * ~ . ~ + l . O t C  
D U l O @ L = P I h , k ‘ A X ~ h t - l T E  
I L = S U e S - F L C A T ( L + S )  
J = M A X + t ‘  I Y - L  
H= J 
S = (  2 . 5 + k - h P L U S  ) / . k C  I F F + C S  
AzurdP L =L! . o 
AMERIC=O.O 
D U 2 0 4 t ’ z  1 9  LC 
A,!ONAL=ALC\AL+!!L ( K  ) * S + +  ( C - 1 )  
A M E R I C = P P E K I D + e r ( ~ ) + S r + l C - l )  

M L O Y A L =  A Z C  V A L  

Y S P E E C = S C R T (  A Z C K b L * + i + b P E K I C * * . ?  1 

204 CUNT I hl; t 

H M E ! ? i C = j P E R  I C  

W K ~ T E ( 3 ~ 1 G 7 ) J ~ Z C ~ A L ~ I Z ~ ~ C ~ C N A L t E R I ~ ~ I Z ~ ~ M M ~ R I D ~ W I N D I ~ I Z ~ ~ ~ S P E E D  
FURMAT ( 1 X  I 1 3 , 4 X t  2 ( 107 F e . C *  4 X 1 4 9 4 X  1 9 /  1 X  1 

1 0 8  C U N T  I h C c  
C A L L  P P G E  ( R F S U L T I S T I R T )  
W R I T E  ( 3  9 1 C Y  ) Z P  I N  t Z P A X  

10‘4 FO!?PlAT( l X ~ 2 2 H T L R E U L E h T  h I N C  P R C F I L E  , L O X l Z H t i E I G H T  RANGE F5.09 
1 bHKC T C  F 5 . 0 9  3P, K P / l X /  1 X  9 1 C X 6 k H E  I G t - T  9 l C X 6 H T Z O N A L ,  1 G X l l H T M E R I C I C h A  
2 L , l O X ~ t - T S P E ~ C / l X )  

N H = (  P A X - P I h  1 + 5 + 1  
K=(LrAX-ZI(1))+5.C+Z.CtC 
N K =  I h K  

C D L T E H P I N E  AND P R I N T  CLT T U K E U L E N T  W I r J C  P R O F I L E S  



S t - E A R  08 
E X T E R N A L  FORFIULA K L P B E H  - SOURCE S T A T E V E N T  - I K i T E P h A L  

206  F O Q P A T (  1 X l C W N C R P P L  I Z E C  
1 l X l 2 H H E I G t - T  R A N C E l O X F 7 . C w 7 k  KM. T O  F7*0,4 l '  Kb ' . / lHO/ 
2 l X 4 2 H C O E F F I C I E N T S  G I V I N G  B E S T  F I T  TO Z O N A L  C A T A / l X / l O E 1 1 . 3 )  

W d I T E ( 3 , 2 0 7 )  ( e P (  I )  9 I = l , h C )  
207 F O R P P T ( l X / l X /  

l l X / l X 4 7 t l C C E F F I C I E N T S  C I V I N G  RC-ST F I T  T C  V E R I C I O N I L  D A T A / l X / l X l C E l l  
2 . 3 / 1 X /  1 
~ K I T E ( 3 , 2 0 A ) R ~ S Z , R C S ~ , R P ~ T  

2 0 8  F O R P A T ( l X / l X  
1 1 X 2 2 k R P S  T L R e L L  Eh T V E L C C  I T Y / 1  X /  1 X l C  X S F Z O N A L F  11 0 v l l H V E T R E S / S  
2 E C . / l X / 1 X L G X l O ~ P E R I C I G ~ ~ L  F 6 . ~ , 1 ~ h M ~ T K E S / S E C ~ / l X / l X l O X l ~ H W I N D  S P E E  
3 0  F ~ . L ~ , ~ L ~ P L T R E ~ / S E C . )  

C A L L  P A C F ( R E S b L T f S T P ? T  1 
W K I T E  ( 3 , 1 1 3  ) Z M I h * L P A X  

1 1 3  F U R H A T f  l X 4 t H E N E R C Y  S P E C T R U M  OF Z C N A L  WIND H E I G H T  V A R I A T I O N ,  
L l U X l Z I - k E I C k T  K A N C E  F ! * C , C H  K V  TO F 5 o O * ? h  K P / l X I  

C C A L C U L A T E  AND C L T P L T  E h E R G Y  S P E C T K I J C  F L h C T I C K S  
C A L L  C L T P U T  ( T L C h P L p h t - v h C I F F  1 
C A L L  P P G E ( R E 5 U L T , S T C R T  1 
WKI T E  ( 3 ,  1 1 4  1 Z P I N ,  L C A X  

114 F U R P P T ( l X 5 1 H E N E R C Y  S P E C T R U M  OF P E R I C I O h A L  k I N 0  H E I G H T  V A R I A T I C N t  



/$ID J02T RGR eLcc 11 
SPAUSE 
S E X  E CUT E I e JO8 
IBJCB VERSICN 2, 7 0 9 0  - PR - S29 

1 

0 
S I B J O B  GC 

1 CUT 

0 

J I B F T C  OUT M94,XRI 

EXTERNAL FOPMULCl NLVBER - SOURCE STATEMENT - I h l E P r  

SUBRCLTIhE OUTPLT(TSPEEC,NH,NDIFF) 
C 
C PRODUCES HEIGHT SPECTRLP ANC PERFORMS CORRELATION ANALYSIS. 
C 

DIMENSICh T S P E E C ( 7 5 C )  
W R I T E ( 3 , l )  

1 FORMAT(lX,lOXIHCELTL hrSXlOkE(CELTA H l r  
1 5 x 1  1PCCRRELAT I C N  9 3X 13hS I G N I  F 1-G 1 1 x 1  
NEND=S*NCIFF 
L I NE=O 
D0125K=l,NEND 
L I N E P L I N E t l  
DELTAk=FLCATIK).C.2 
SUM=O 00 
ENERGYsO.0 
ERGXzO 0 
G J P K X J s O . 0  
SQJ=O.O 
SQJPKtO 00 
DO123Js  1,Nh 
IF(NH-J-K)124,122,122 

1 2 2  JPK=J+K 
ENERGY=ENERGYt( TSPEEC(JPK )-TSPEED(J ) ) * e 2  

G J P K X J = G J P K X J t T S P E E C ( J F K ) @ T S P E € D ( . J )  
SQJ=SCJ+TSPEED(J)*+2 
SQJPK=SQJPKtTSPEEC (JFK 1 * e 2  

SUM=SbC+1.0 

1 2 3  CONTIFiUE 
124 I F ( S U C ) 1 1 7 r l l 7 ,  118  
1 1 7  G=O.O 

S I G N I F r 9 . 9 9  
G O T 0 1 1 9  

G = G J P K X  J/SCRT( SQJSSCJPK 1 
118 ENERGY=EtvERGY/SUC 

S I G N I F = ( l . O ~ G + ~ 2 ) / S € R T ~ ~ L M - L . O )  

I F ( L I h E - 5 0  1125, 1 2 5 r 1 1 6  
119 DIFF=l.O-G 

116 W R I T E ( 3 9 2 )  

W R I T E ( 3 , l )  
2 F O R M A T (  l H l / l X )  

L I NE=O 
1 2 5  W R I T E ( ? r l l 5 ) O E L T 6 P , E N E R C Y ,  GI SI GN I F P O  I F F  
1 1 5  FORMAT ( lX,6XFB. 1, 7XF8 1 eXFeo3rF  11 39F8.2 1 

RETURhr 
END 



SbEAt? 0 8  
L X T E R j A L  FCRMCLA NLCBER - SOURCE STATEMENT - I N T E P h A L  

l l G X l 2 H t - C I G t T  RANEE F5.0 ,CH K M  T O  F5 .013k K F ' / l X )  
CALL CLTPLT ( T P E Y  I C p h k , h ' C I F F )  
CALL PAGE(R€SULTpSTART)  
W R I T E  ( 3 , 1 1 5  ) Z P  I h ,  ? P A X  

1 1 5  FORPAT( 1X46HENERtY 5PECTRUM OF LtIND S P E E D  H E I G H T  V A R I A T I C N ,  
11OX12t- t -EIGt-T RAhCE FSmCICH K M  T O  F 5 . 9 9 3 b  K P / l X )  

CALL CUTPL'T I T S P E E C  phk , X C  I F F  1 
G O T 0 2  
E N D  



S I B J O B  GC 
I I R F T C  N O R C A L  P 9 4 p X R 7  



C 
C 
c 

R C H Y A L  
E X T E K R A L  F C R M L L A  h L P f 3 E H  - SOURCE S T A T E M E N T  - I N T E  

D E T E R V I N E S  B E S T  F I T  P H C F I L E  T O  T h E  N O R P A L I 7 E I )  T O T A L  H E I G H T  R A h G  



c Y/ 





SIBFTC F I T  

08/17 



08/ 17 
E X T E K Y A L  f O P M l J L A  YUMBER - S O U R C E  S T A T E M E N T  - I N T E R b i A L  F O  

F I T  

F I T S  A H E I G H T  P R C J F I L F  S P E C I F I E C  C Y  N S P E C  TO THE PEASURED D A T A  
H L O ~ , U E T E A M I U I \ ~ G  THE C C E F F I C I E N T S  4 n Y  THE R E T - 1 0 0  GF L E A S T  
CJIJtJARCS. P I C I F I L E  F I T T E E  O V E R  T O T 4 L  H E I G H T  F',A?dGE O F  I Y P U T  D A T A .  



1'' A T S 0 8 / 1 7  
E X T E R ' d A L  FOHMOLA Y U M B E R  - S O l J r l C E  S T A T E M E N T  - I N T E R N A L  FO 



S I B F T C  P A G E  

0 8 / 1 7  

M94 9 X R 7  



PAGE 0 8 / 1 7  
EXTEH'JAL FONMlJLA N U M B E R  - SOURCE S T A T E M E N T  - I N T E R N A L  FO' 

S U B R O U T I N E  P A G E ( R E S U L T , S T A R T )  
C 
C T U R Y S  PAGE, 'VUMt3ERS I T ,  AND W R I T E S  H E A D I N G  A S  A P P E A R I N G  
C ON R F S U L T  CARD. 

D I K E N S  I C N  R E S U L T  ( 12 1 
I F ( S T A K T ) l t l , Z  

1 NOP=n 
2 N O P = N O P t l  

N& I T E  ( 3 , 3 1 H E S  UL T YOP 
3 FORMATIlHl/lXlZA6,30X4HPAGEI5//) 

R E T U Q Y  
E N D  



APPENDIX I11 

SAMPLE DATA AND COMPUTER OUTPUT 



63 5 21 1910104.0 50 160 

I- --- I 

63 5 21 1910117.2 72 282 

63 5 21 1910130.0 30 296 



__ . . .  __ -. .. __ . . . . . .  
6 3  5 21 1310 6S.C 34  255 

. . . .  .- ...... - ...... ........... . __ .. 

6 3  5 2 1  1 9 1 0  77.U 4 1  2 - 5 6 - -  
..... _.___ ... .._. . . . . . . . . . . . .  ......... ......... 

__- -__-__ ... _- ... . ~ . .- ..... ..... 
6 3  5 2 1  1 9 1 0  82.4 2 8  2 0 2  

..... . . 

- -  
6 3  5 21 1910-35.4- 30 108  

~. . . .  - ........... . . . . . . . . . . . . . . . . .  

6 4  07s 
- _  . .  _-  - 

6 3  5 21 1910100.0  58  070  

6 3  5 2 1  1916102.3  E O  079  
- - -  

6 3  5 21 1110103.0  9 3  094  
- --- _. - 

6 3  5 2 1  101(l104.0 1 1 5  1 0 4  

6 3  5 21 191011J4.2 111 1 2 0  
_ -  - -  - __ 

6 3  5 2 1  1 ' 9 1 0 1 0 5 o ~  1 2 9  122 



1 

TRIAL ANALYSIS. EGLIh D b T A ,  Y A Y  21 ,  1963. 15/9/64. 

TOTAL NUMBER OF INPUT C A T 4  P C I b i l S  3 56 

INCLUCING INTERPCLATICh O F  313 P G I N T S  

PROFILEtStS. 

NUPBER OF CATA P C I N T S  k I T k I N  TkE k E I G H T  R A N G €  80. KM T O  LOO. KN 10 1 

E A S T  NEST PRCFILE SPECIF ICbT ICN 5 

NORTH SOUTH PRCFILE SPECIFICATION 5 



T R I A L  A' IALYSIS.  E G L I ' i  D A T A ,  M A Y  219  1963 .  CONl INUOUS PSLIFILE,5,5. 

CALCULATFD L!)NAL AhiD MERIOIO"4AL MEAN ; i I Y D  P R O F I L E S  HE I Gt IT  RANGE 

H E  I GHT ZONhL 

U 4 T A  P E A k  

7ci. 34 

5 6 .  37 

4 2 .  3 9  

3 9 .  41  

? 4 .  4 3 

3 1 .  45 

6 .  46 

3 1 .  46 

5 5 .  47 

7 3 .  47 

72 46 

6 7 .  45 

6 2 .  4 3  

5 5 .  4 1  

44 .  3 9  

31. 36  

-12 .  3 3  

-9 .  2 3  

-10. 24  

MERIDIUYAL 

D A T A  MEAN 

2 0 .  -21 

21 .  -21  

4.  - 2 2  

-!1. -22 

- 3 5 .  - 2 2  

- 2 5 .  - 2 2  

- 5 1 .  - 2 2  

-51 -21 

- 3 8 .  -21 

- 1 3 .  - 2 1  

-1 . - 2 3  

4 .  - 1 (2 

8 .  - 18 

5 .  - 18 

- 4 .  -16 

- 9 .  - 15 
- 5 3 .  -14 

- 2 s .  - 1 3  

- 2 6 .  -11 

WIND 

DATA 

7 2 .  

6 0 .  

4 2  . 
4 1 .  

48 . 
42 

5 2 .  

5 9  . 
6 7 .  

7 4 .  

7 2 .  

6 7 .  

6 3 .  

5 5 .  

4 4 .  

3 2  

54.  

27. 

2 8 .  

SPEED 

M E A \  

40 

43 

45 

47 

49 

5 0  

51 

51 

51 

51 

5 3  

49 

47 

45 

4 3  

39  

3 6  

3 2  

2 7  

91 - 8 .  19 l a .  - 1; 1 2 .  2 2  

8 - 3 .  1 4  2 3 .  -8 23. It 



T R I A L  AVALYSIS.  E G L I N  DATA, Y A Y  2 1 ,  1963. CONTINUOUS P R O F I L E , 5 , 5 .  

TURBULFNT lEiIYD P T O F I L E  HEIGHT R A N G E  33.KY TO 100. K M  

tic I GHT T 2 13 Y A L TF1 E9 I D I ONAL TSPEED 

1 C C  3 5 .  4 1  42 

3.3 19. 4 2  . 26. 

se 2. 2 6 .  16. 

97 - 3 .  11. 3 1  

96 -1c .  -12 .  3 2 .  

9 5  -14 .  -6 0 29  

9 4  - 4 3 .  - 2 9  . 3. 

'3 3 -16. - 2 9 .  3 1 .  

9 2 9. -16.  5 9 .  

9 1  '16. 8 .  6 2  . 
Y 0 2 5. 1 3 .  5 2  

5 9  22. 24 45 . 
9 9  1 9 .  2 7 .  3 8 .  

87 1 3 .  24 3 3 .  

86 4. 1 3 .  3 3 .  

8 5  -6. 7 .  27. 

9 4  - 4 5 .  -35. 18. 

8 5  - 3 9 .  - 1 2 .  - 5  . 
8 2  - 3 5 .  -14, '3 . 
8 1  - 2 8 .  2c. 3. 

3 (J -1 8 .  3 1  13. 



T R I A L  A N A L Y S I S .  E C L I h  C P T A ,  P A Y  2 1 9  1 9 6 3 ,  1 5 / 9 / 6 4 .  P R C F I  LE P 5 9  5 

N O R P A L I L E C  k E I G I - T  K A i G E  ac .  KM. T C  i c o .  KP. 

C O E F F I C I ENTS G I V I X G  e E S T  F I T  T C  Z C Y A L  C A T A  

I 0 . 3 6 6 E  0 2  -C.126E 0 3  - 0 . 2 4 4 E  C 3  0 0 1 7 4 E  C3 G.205E 03 

COEFFICIENTS G I V I N G  E E S T  F I T  TC V E H I C I C N A L  C A T A  

-0.304t 02 C.1Fef G 2  C o 1 4 e E  03 -0 . l 68E  0 2  - 0 . 1 2 5 E  G3 

R P S  T U d B U L E h T  V E L O C I T Y  

7 C h P L  2 2  . C E T R E S / S E C .  

C E H I C I C N A L  Z ? o P E T R E S / S E C .  

h I h C  S F E E C  1 7 . P E T R E S / S E C .  



TRIAL ANALY5IS. E G L I R  D A T A ,  M A Y  21, 1963.  CONTINUOUS PROFILEpSp5. 

E N E R G Y  SPECTliUM OF 71CNAL R I N D  HEIGHT V A R I A T I O N  H E I G H T  RANGE 80. 

UELTA H CELTA V * * 2  C O R 9 E L A T I O N  SI SYIF 1 - G  

\I . 2 
3.4 
I, . 0 
U.8 
1 e t '  

1.2 
1.4 
1.6 
1 .G 
2.U 
2.2 
2.4  
2.6 
2 . e  
3 . c :  
3 . 2  
3.4 
3.6 
3.!4 
4.(8 
4.7 
4.4 
4.6 
4.8 
5 . it 
5.2 
5.4 
5.6 
5 .8  
0.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.P 

8.2 
8.4 
8.6 
8 .8  
9.9 
3 . 2  
3 . 4  
3.6 
9.8 

13.d 

a.c 

24.3 
64.9 

113.7 
169.4 
2 3 0  - 7  
297.1 
369.4 
45G.4 
534 . R 
619.3 
7 C 3 . 2  
783.9 

964.9 
1054 .O 

1209.9 

1 3 6 0  .8 
1436.r) 

1567.1 

a 7 7 . i  

1 1 3 3 . 4  

1285.2 

13Q7.3 

1614.3 
1 6 8 1  - 4  
1745.7 
19C4.7 
1H52.3 
1885 .5  
1597.3 
1989.3 

1P47.4 
1827.7 

1775  .I) 
1740  .q 
1701.2 

1608.4 

1497.1 

1 e63 - 6  

1803.9 

1656.5 

1555.5 

1432.6 
1361.9 
1285.1 
1202.4 
1114.7 
1 r12 0 5 

920.9 
819.6 
1'33.6 

0 .979 
0 0943 
0.90G 
G.951 
0.797 
3.739 
9.676 
0.604 
0.525 
r, .449 
0 .374 
0 - 2 9 7  
3.217 
i: . 1 3 6 
CI a053 

-0 - 0 2  3 
-0 .399 
-(-la176 
-0.257 
-0  - 3 4 2  
-0.429 
-0 e514 
-0.597 
-0 ,651 
-0 - 6 9 6  
-0.735 
-9.766 
-3.785 
-0.90(1 
-9 e 3 9 1  
-9.795 
-3.783 
-0.762 
-0 -731) 
-*D .693 
-Q - 6 4 2  
- 2 . 5 8 8  
-3.52E 
-3.466 
-7 .401 
- 3 . 3 3 3  
-0 - 2 6 3  
-0.190 
-0.116 - 3 0943 
J.339 
9.120 
9.207 
9 -296  
3.372 

0.004 
0.01 1 
9.019 
0.028 
ii. 037 
0 .  047 
0. 0 5 6  
0.066 
e. (376 
0.084 
0.091 
0. 0'97 
r,. 102  
6.106 
0.  108 
('0 109 
0.109 
0.197 
C. 1 3 4  
0.099 
0 . 0 ~ 2  
0 . 0 8 3  
9.073 
0.056 
0.060 
0.053 
0.048 
0.045 
0.343 
0. d 4 3  
n. 0 4 4  
0.047 
0 .951 
0.057 

0.073 
0.392 
0.032 
C. 1f3G 
0.138 
0.116 
0.122 
0.128 
0.132 
b. 1 3 5  
G. 1 3 6  
0.135 
0.133 
c. l 2 E  
G. 122 

0.06'J 

J.02 
1 1  0 06 
0.10 
3.15 
0.20 
9 - 2 6  
0.32 
3.40 
3.47 
0.55 
0.63 
3.70 
0.78 
0.86 
0.95 
1 . 0 2  
101c 
1.18 
1.26 
1.34 

1.51 
1.43 

1.60 
1.65 
1.7C 
1.74 
1.77 
1.79 
1.8C 
1.50 
1.80 
1.78 
1.76 
1.73 

1 . 5 4  

1.53 

1 - 6 9  

1.59 

1.47 
1 - 4 0  
1.33 
1.26 
1.19 
1.12 
1.94 
3.96 
9.88 
0.79 
3.70 
3.63 



T ' T I A L  A I ' , I A L Y S I S .  E G L I Y  D A T A ,  MAY 21, 1963 .  CONTINUOUS PSOFILE,5~5. 
I E N E R G Y  SPEcrixuI": (-IF M E R I D I O ~ A L  WIrm HEIGHT V A R I A T I O Y  HE I GHT RA'\IGE 

D E L T A  H CELTA V**2  C O R R E L A T I O N  S I G N I F  1-G 

d .2  
0.4 
~1.6 
u.8 
1.2 
1 . 2  
1 e 4  
1.6 
1.8 
2 .o 
2.2 
2 - 4  
2.6 
2 . 8  
3.u 
3.2 
3.4 
3.6 
3 .  e 
4 . c. 
4.2  
4.4 
4.6 
4.8 
5 .9  
5 . 2  
5.4 
5 .c 
5.9 
0 . G  
6.2 
6.4 
6.6 
5.8  
7.0 
7.2 
7 . 4  
7.6 

3 . ;  
9 . 2  
8 .4  
8 .6  

7.a 

a.a 
3 . il 
'9 . 2 
9 . 4 
9.6 
3 * 9  

13.0 

3 1 . 3  
94.1 

164.4 
241.7 
326.3 
418.3 
515.2 
616.C' 
72 3 - 6  
8 2 5 . 3  
935.1 

1C52.2 
1175.9 
1305.7 
1429.3 
1534.6 

1667.7 
1614.7 

1711e'Y 
1741 01 
1756.3 
1758.3 
1745.6 
1776.6 
1936 - 0  
187R.5 
1 40 U 7 
1902.9 
1885.6 
1853.4 
1809.8 
1751.9 
1679.1 
1593.6 
1434.3 
1385.9 
1269.3 
1149.O 
1028.4 

912.5 
802.4 
697.1 
598.6 
5 0 @  .4 
427.7 
357.9 
302 .8  
260.1 
231.1 
219.4 

0 0973 
0.917 
c) - 8 5 3  
C) - 7 8  1 
0 0701 
0.612 
0.518 
3.420 
0.310 
0.21'3 
7.116 
0 .oca 

-0  - 1 0 4  
-0 .219 
- 0 . 3 2 5  
-0 -41  1 
-0 .479 
- 0 . 5 3 5  
-0  0582 
-6 0617 
-0 - 6 4  1 
-0.656 
-0  -662  
-0  -680  
-0 -715  
-0 .733 
-3.735 
-6.72 3 
- 0  - 6 7 9  
-0 0666 
-!I .625 
-0  0 5 7 3  
-0 -510  
-0 .435 
-0.350 
-0 .257 
-0 .156 
-0 0051 
0 *!757 
3 - 1 6 4  
0 .266 
0 0366 
r) ,453 
0 0544 
0 - 6 2 0  
0 .684 
0.73 5 
0 0774 
0 .901 
0 .813  

0.005 
0.016 
0.028 
0 ,040 
0.052 
0 .064 
0.076 
0.096 
0.094 
0.100 
0. 105 
0.137 
0.136 
0 .103 
0.097 
0 .031  
0.085 
0.079 
0 .074 
0.069 
0.066 
0.065 
0.064 
0.062 
0.056 
0 .354 
0.054 
0.056 
0.061 
0.066 
0.073 
0.031 
I). 09i) 
0.100 
0 .109  
0.117 
0.123 
0.127 
0.128 
0.126 
0 .121 
0 .114 
0 .135 
0. 6 3 4  
0 . 0 8 3  

0.063 

0 . 0 5 0  

0 . 0 7 2  

0 .056 

0.048 

9 . 03 
9.08 
9 .  15 
3.22 
3 . 3 @  
3.39 
0.48 

0.68 
9.7E 
'9 0 88  
3.99 
1.10 
1.22 
1.33 
1.41 
1.48 
1.54 
1.58 
1.62 
1.64 
1.66 
1.66 
1.68 
1 a72 
1 073 
1 - 7 4  
1.72 

9.5e 

1.70 
1.67 
1.63 
1.57 
1.51 
1.44 
1.35 
1 .24  
1.16 
1.05 
3 .94  
0 . 8 4  
0.73 
0 . 6 3  
0.54 
9.46 
0 . 3 8  
3.32 
3.27 
0 . 2 3  
9.20 
0.19  

.. . 



T R I A L  ANALYSIS.  E G L I N  C l A T A t  M A Y  2 1 s  1963. CONTINUOUS PROFItE95r5. 

ENERGY SPECTRUM OF WIND S P E E D  H E I G H T  V A R I A T I O N  HEIGHT R A N G E  80. 

DELTA H DELTA V**2 C O R R E L A T I O N  SI GYIF 1 -G 

9.2 
Q.4 
*I, 6 
0 .8  
1.0 
1.2 
1.4 
1.6 

2.c 
2.2 
2.4 
2 . 6  
2.E 
3 . 3  
3.2 
3.4 
3.6 
3.3 
4.5 
4.2 
4.4 
4.6 
4. R 
5.0 
5.2 
5.4 
5.6 
5. H 
6.U 
6.2 
6.4 
6.6 
b . 8  
7.0 
7.2 
7.4 
7.6 
7.8 
8.C 

8.4 
8.6 

3 . 0 
r9 . 2 
3.4 
3.6 
9. 8 
19.0 

1.e 

8.2 

8.8 

15.1 
47.1 
83.2  
12i.o 
161 0 5  
200.6 
240 . 7 
286.9 
337.0 
382.2 
621.0 
455.3 
483.4 
502 09 
512.5 
517.9 
525.9 
542.8 
561.7 
584.0 
606.6 
628.3 
65G .9 
673.5 
712.5 
748.8 
785.1 
81C.7 
e47.5 
870 6 
994.9 
919.4 
943.4 
968.1 
996.2 

1023.9 
1048.3 
1070.2 
1rJ89.9 
1103.4 
1114.0 
1121.1 
112G.2 
1114.6 
1103.5 
1C87.7 
1066.1 
1039.0 
1P07.8 
973.4 

0.993 
00979 
0 0964 
0.947 
0 0 9 3 0  
0.914 
0.898 
0,879 
0 -859 
@ -84 1 
0.827 
0.915 
0.805 
0 -799 
3 -797 
0.796 
0 0793 
0 -789 
0.783 
0.775 
0 0768 
3.761 
0,755 
3 0746 
0 0734 
3 0722 
0.710 
0.700 

0.686 
0 -680 
‘3.674 
0.66 R 

0 -653 
0.645 

0 0692 

0.661 

0 0638 
3 . 6 3 0  
(1 -623 
G.616 
0.608 
0 0600 
G o 5 9 3  
0.584 

G -584 
0.586 
0.590 
0.596 

0 0585 

0 0603 

0.091 
0.004 
G. 037 
0.011 
0.914 
0.017 
0.020 
0.024 
0.028 
0.031 
0.334 
0.036 
0.038 
0.333 
0.040 
0.040 
0.041 
0.042 
0. G 4 3  
0.045 
0.046 
0.048 
0.049 
t. 051 
0.053 
0.056 
0.058 
G o  060 
0.062 
0.063 
00 065 
0.066 
0. 068 
0.059 
0.071 
0.073 
0.075 
0.077 
0.078 
0.080 
0.082 

0.096 

0.089 
0.090 
0,030 
0.090 
0.090 
0.090 

e. 084 
0.087 

0.01 
0.02 
0.04 
0.05 
‘1.07 
0 . 0 3  
{I. 10 
0.12 
0.14 
0.16 
00 17 
0.19 
9.23 
3.20 
,3023 
0.20 
9.21 
0.21 
0.22 
0.22 
0.23 
0.24 
13.25 
0.25 
0.27 
0.28 
3.29 
0.30 
3.31 
0.31 
33.32 
0.33 
0. 33 
0.34 
3.35 
9.35 
!I. 36 
9.37  
0.38 
0 . 3 8  
3.39 
0.40 
0.41 
0.41 
9 42 
3 . 4 2  
3.41 
0.41 
0.40 
0.40 


