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ON A DISCRETE VORTEX SCHEME FOR A F INITE SPAN WING

4 .  F.  Vorob ’yev

it This article exam ines the task of the flow around the lifting

surface of a wing by a nonviscous , incompressible flow . The wing -
‘

surface itself Is replaced by a vortical surface S, and the veil

of the  v o r ti ce s  w h i c h  descend from the  rear and , in the general
case , also from the side and leading edges of the  wing Is a vortical I -
surface ~ w h i c h  consists of vortices whose axes with steady motion

are d i r e c te d  along the lines of current . The vortical densities p

on the surfaces S and ~ are determined from the condition of non—
passage . Furthermore , the conditions of descent should be satis—

fled on the edges of the  wing . The presence of a vortical veil

descending froni the wing edges provides the  opportunity to ensure

the condition of limitedness of velocity on t h e edges from which

the vortical veil descends [1—3]. In the case of a linear scheme

where the vortical veil descends only from the trailing edge , on
the leading and lateral edges of the wing , as is known , the rate

of inflow which is determined within the framework of an ideal

fluid Is infinitely great . In a nonlinear case , where the shape

of the surface is unknown , the solution of integral equations for

wings of comple x form tn a plane is difficult [1, 2].

There is a method for calculating the  aerodynamic character-
is ti cs of a f lat w ing of ar bi trary s hape in a p lane where t he

1
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it vort  loal  L ay e r  wh i c h  s i m u l at e s  the  win g  cu r f a c o  I s rcp.I aced by a
s y s t e m  ot ’ d i s c r e t  ~ oi ’t  I c e s  whose m t  e t i s i t y  is d e t e rm in e d  from t h e

n o m i p a s s : i ~~e c o t i d it  Ion { 11]. ‘l’he v or t l o a l  v e I l  out  side  t h e  wing  Is
a lso  s i mmiula t  ed i v  d1 .cci ’et e v or t  I cal  l ines  w i t i  c l i  ar e  a continual lou

!~ t lie v or t  I c es  on t i i t’ s u rfa c e  of t he  w in g  I I s e l f .  Each of I lie

v o r t  I ca l  I I n e c  oil t side the  wing Is p r esent e d  as c o n s i s t  I i l ~T ul ’

ot  r a ight  segme n t- c w i t  I c l i  r e c e i ve  the dl  l e e  t ion  of 1~ Lie velocity in

l ie  cLa~r ’e5pol id i r mg p~ t n t  in space .  Ti m e pos i t  ion  of t he v or t i c  a I
1 i nes  out  side the  w l ug  Is  de t e r n i l m i e d  by I lie method of success  I ye
S I IT I ’ OX  I ~iat  Ions  In the course  of c a . L cu l a t  iou . Solution  of t h e

U. vob 1cm 01’ f low around a wing of 1’lnit e span in acco rdance  w i t  It  t i m e
sche me ol’ d i s cr e t e  vom ’t  ices is reduced t o  the  so lu t  lou ol ’ a sy s t e m

a l gabra i c  equa l  Ions  ; t h i  s method is c o n v e n i e n t  f o r  i~ea li~~at I o n
:1 c om p u t e  i t’oI’ w i t  it ’S  01’ arb It . rary shape Iii a p lam 10 . T h e  w ing

c a m i  ~e i ’ t p i e s en t e d  by a cys t  em of d i s cr e t e  v o r t i c es  am i d , in t h i s
case , when .11 .1 n on p l a u m er  . lii t i m e di scr e te  s chi eme , a f in i t -  c c p s i u i
w i ti g m e m s t  I t i c  an op en quest - i on cone  e r i i ln g  con ver g e  mi ce wit  ii au
h t c x ’e:i~ e Lit  t Ime u m u m b e i ’  ot ’ d i s cr e t e  v o r t i c es  w h i c h  replace the  wing

: t m m i  con c er n i n g  t I m e  s a t is f a c t i o n  of c o t i d i t  l o u i s  t’or ’ descen t  on the

wing edges .

lii t h i s  work I t  is shown t ha t  w i t  ii the  a p p r o pr i a te  se lect  ion

ot ’ disc  m e t e  vor t .  ic es w h i c h  rep lace  the  wing su r f ace  and of p o i n ts
- ‘ [ii whi  cii the nonpa c sage c ondi  1. ions are  sat  Is fi  ed , wi lii an inc rease

in tim e nu mb em ’ of vei l I ccc the  a l gabr ai c  sums t hr ough w h i c h  the
v e l o c i t ie s  In d u c e d  out t h e  wing s ur f a c e  by tim e disc re t e  vor t i ces  are
present  ed are t r ans fo rmed  t o h i t  egra ~1 whose converg ence  is proven
and the in tv o d u c  I t o u t  of add I I . ioii si l v o r t ic e s  close t .o t h e  edge s
ensure s I lie sat  is t’a o I lou ot ’ I lie de scen t  condi. I io n .

A wing at ’ a rb i t  m ary t’or mti i i i  a p l a t t e  in t h e  general case is
some smooth su r f ace  S w h i c h  can be covered  by an or thogonal  grid
ot ’ c u r v i l i n e a r  c o o r din a t e s  connec ted  w i t h  the wing  su r f ace  . Ti me
coor d inat e  s y s t e m  Is  se lected in such a way t h a t  the h u e  ~ — const
c o n n e c t s  t im e L e a d i n g  and t -r a i i  1 ng edges of t lie w i n g  ( F i g .  1) . A
discre t e c o o r d i n a t e g r i d  ~ = conct , ~ = conct .  , w h I c h  d ivides  t h e

_ _  _ _  
a



— - - -  —-
S, 
~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _ _ _  
_L~~~ —_  —

.‘. l i s g  t i ’ 0 ~~t~~ .’’ ta~~ £ t ~~. A l ’  S I .; .‘,.

~ 

, .‘A~, is p l o t t t -d  on the s u r f a c e .
0! ’ ‘ a~- co~~r W i t ’ . o. t c~~ e~~. a~~~~ gi .  t h e  poi nt  N (

~~i,  ~j  )
it ’ cu . o ’  I na t  ~~ .~ 

- n~ gr  - = i, . Two o ther  coordina te
1 .. f I .e ~ : ..~1 - ~t ’~- 0 ~ Sec ’ ~~ t ~ie ol m i t  N ( 

~ 
, ) and

• . • a -~ ire . o l e  e.m m . such a manner t hat
a :.t .( 

• , ‘. .~~~~~ at :1’ ’ o r  he •; Li. ’ of the coord ina te
g r I m :  t a . - ~~ m . . ç — ~~ , — A ; , ,  = :,, +

_  
Fig. 1.

Th e selection 01’ direction of the vortical lines which

replace the wing can be arbitrary . These vortices do not follow
i-ic laws of behavior  of a vor tica l  line i n the f low of an ideal

l i q u i d .  It is assumed tha t  the segment of ’ a coordinate  line whose
middle  is po in t  N (~~~, ~~

) Is a segment of a vortical line of

con st  ant i n t e n s i t y.  Poin t  s N(  ) th rough  w h i c h  f l—shaped
vort  Ices pass can be numbered by l ines and columns : each poin t
Is assigned a number  (n i , r i ) .  At points (

~~~, ~~ 
— ~~~~ ~~~ ~ 

+
+ a v or t ic al  l ine undergoes a f r a c t u r e  and c o n t i n u es  along
coordinate  lines ~ 

= 

~~~ ~~~~~~~ ~ 
= ;~ + to the t r a i l ing  edge of

the wing .

The nex t  vo r t i cal  l ine of constant intensity 
~
rm+l ~ 

is
L o c a t e d  beh ind  the f l—shaped vor tex of i n t e n s i t y  on the wing 

I 
-

on the segment of t h e  coord ina te  line ~ = + = the
middle  or ’ w h i c h  Is point  

~~~ 
+ 

~~~~~~~ 
~~~~~~ . At po in t s  (~~ +

— .\~~~~) , (
~~ + A~~~, ~~ + th i s  v o r t i c a l  line also experiences

a f r a c t u r e  and c o n ti n u e s  a long the  coord ina te  h u e s  ~ = — ,
= + \~~ . to the t r a i l i n g  edge of the w i n g .

-
,

~
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The v e lu c  I t  v I m n i u a e 5 l  by t h e  e l e m e n t  a ry  \ ‘ai ’t  ex di u t ’ m t  en.  I t

I’ s it  onto po l u s t  wi t  I c l i  Is a t  :t ..i I c t  s inc e  r f rom I. lie m.1 dd i t ’ a : ’

e len i eu i t  amy \ O P t  OX  1 m m  . . i c ’. e~’::mi xicu l’romu t ime  U i a t — S : m \ ’a r t  l’s r: :, ss I s m

dP— r (iX YI• — air ,.

m s : m o o . . n ’ a s i m m c e  m c i t  Ii I I s  I s  f o r m u la  for ’ points of ’  mi !‘lat  m c i m m g  t. I s e
ye h o c  I ‘. to s m I ~s d’ . ;ce . . i  I’ y t i m e  v a r ’. l o s t  1 11 t i es  ly l u g  in  m. lie sm a m :se c I t

a Lane  s i re  a i r e ct  oh :1 l a ng  5 : 0  m i o r m u a l s  I a t l i i  s p la n e . In h i  I s  rega :~ . m ,

I l i t ’ V S 1 Se al ’ t lie Vt ’ hoc  I t  y I i i duccd  In p a i n t . :~ ( x , :: ) on a w I u t g  by a
I — s m i i : i p t c .i y a m s  ex  a !’ I m m t e m i s m i ’ .. y ~\ i’~ w h i c h  pass es I i s r o u g h t  ~~ In t .  :.i ~~~~ .

) a ims c u u s s  I sO.. I m m g  a t ’ r e ct  I l i ne s i’  se g m e n t  of t ’ l u m l t  e l e u m g t l i  .‘d ,
— x L :,J - .\:.~~ ~ — + , w s i c i ’ c  ~, 

= x ( ~. )  — h i t’ e q u at i o n
a ! II so mc 1 tig ‘ 5. ra I I Li ig ed ge , c ai m be p i e s  e~s t ed In I he fo rnm

= —~~~ tF(x, 1. ~ C, + ~C~
) — F(x , z, 

~~~
, C,—A C,)J

~~~ t~ i, t, ,’ z), (1)

wh ere

I [Ykx — U’+(a’1~p’ _______________T~1[ a—I

~V7 = — ~~L If(x , z L~ z +e i)—F(x , z, ~~~. z— e~)j ,

(~.Ci—z).

w I s e  r e

~
F
~
—
~
Fa
~ 
(L~ z), A~j—sj.

F a i n t  ~I x , z ) I ~m s;e lee ed a t  t i m e  c c i t t  ci’ 01’ a c oordi im a t e cel l
50 l i m : l 1  : i l w m m y : ;  l i t  t ime t’ase at’ mm f i u m i . t e n u mb e r  at ’ d is c i’et e  vortices

� x , and :. = 55 aim ly for  one ce lum ui  of c c ’a r dt n a t  e ce l ls .  The
velot ’ I t  y i rmd u ~ ed s i t  pa h i t  ~.I( x , : m )  by all t I I ~~~~~~te i l— sh a p e d  \‘or ’t ices
ca ni ie~’ted wit h t he  wing  S Is t ime sum 01’ t h e  Ve loc  I t i e s  Induced  by
e a c h  at ’ I he I l — s h aped VePt  I ce s .  I I ’ We c O n d U c t  a summat ion In a
I’ I xed h u e , d i s c a r d in g  he r’e the  I erms w h m I oh c ai ’rcsp ond t o t h e

________ - - -~~~ ~~--•-- . .
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~~ 0 , t h e  v e l o c i t y  induced  In

pa l  as x , .s ) by a 1 he ained vor t -  I c es c a m s  be p r e s e nt  ed 1 m m  t h e
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H

:t h s O  l l m m a p ;c s i s ’ si . c i t h  ~ 
-, 0. We will show this using as as.. e x s r m a j le

t h e  ‘s : . a t I a : s  ~‘(x , a , ~~, :: +

I~~

. 

ge (s)ç p(%,a)F(x,z,%s+e)d~~— f p~ts+.)F(x,s,I s+s)4 i

a,(s+s) .j(.44)
=—  $ tp (t,z + e )— p (t z)IF(X,Z,LS+e)4+ I ‘

x1 ,+u) u (i)

x F(x Iz.Lz+s)4+ ’ PL
~~

P(Z
~
i,LI+$

~41~~~
EePi (L1)+

z1 (I) + sz (a)

+0(~’)1 H(x ,s,~~.t+s )  
~~~~~~~~ 

—i- f p(L :)H(x,z,Lz+s) d~—

_ _!_ $ p(L :)H(x ,31L z± E) 6 .
x 3 (z) + 1x (s )

:m t h e  :‘h’s: ter’::s the in tegrand  e x p r e s s i o n , bec ause of the p r o p e r t y
5 5’ t ime f m m s s c t  Ion h , ..llsappears w i t h  t: -* 0 and t h e  two fo l lowing

~~~~ ~~~ p i ’o se n t e i  In the  form

÷ +‘~‘
(3)’3]H[~~2a~~ fr) + +x~

(
~
),z + e]x.(z~ —

— p [x. (z) -j- x. (z), zJ H ~x, z, x, ~ + 4- ~ ~z), z + x. (z)

on t he  bas is  of the  me an va lue  theorem and , on t he  s t r e n g t h  of t h e

p r o p e r t y  of f u n c t i o n  s-i , also d i sappear  w i t h  c -
~ 0.

With ~ -
~ 0 , time r ema in ing  simple integrals in the right side

of formula ( 5 )  are a con tour in terva l

~~~~~~~~~~~~~~~~~~

where t = f(~~) — the equation of the contour L,integratlon in te rms
of which  is conducted  in a counter clockwise direction . The con—

tour integral  can be w r ’I t t e n  i i i  t h e  form ‘I
-

‘m

_ _ _ _ _  . 
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where the f u n c t i o n  ‘~ is determined by the relation (6). For’

points (x, z) whIch do not lie on loop L , two s i tua t ions  can be
encountered with the condition of continuity of equations of the
leading and trailing edges in the contour integral: 1) x =

z ~ f ( ~~) ,  2)  x # ~~, a = f ( ~~° ) .  The case where simultaneously
x = E~, z = f ( .~) ,  cannot exis t  for  the  i n t e r io r  po in t s  (x , z ) of

the wing .

In the f i r s t  case the  integral  where f1(~) pLL !(I) l

_________  — the continuous function , in which regard F1
( x )  =

= p [x , f(x)] is an integral of the Cauchy type and exists in the
sense of the main value .

In the second case fF .(I/~~ . where _________

the con t inuous  f u n c t i o n , in which regard F 2 (~~° ) = 0 for  11—shaped
vortices which end on the t rai l ing edge, leads by the rep lacement
of the variables f(~~) = t t o a form of integral of the Cauchy type

-

~~ 0 
~

where with ~~ 
-
~ ~~ t -

~
‘ z. This integral exists in the sense of the

principal value with f’(~ °) # 0. For loop L with the condition

of c o n t i n u i t y  of equat ions of the leading and t r a i l ing  edges the
value f’(~~) = 0 may occur only for the end po in t s  of the  con tour

= a , ç = b which cannot be points ~ = for points (x , z )  which
do not belong to the contour L. If lateral edges occur which are

parallel to the axis F~ with ~ = a , ~ = b , where f’(~~) — 0, then

the points of the lateral edges cannot be points ~ = ~0 for points

(x , z) which do not belong to the wing contour either. This means

that  the contour integral exists in the sense of the principal value

In the second case , too.

10

L. — 
— .—.-- 

— -- 

‘ 

_ f ~~



- ~~~~~~~~~~~~~~~ —~~~~~~ —~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _

t i c ’  V .  I ’ ..’ I t  ~ I i t . . i m s . . ’ e ’i I V  ( l i t ’ l — s h : i p c ’..i v e u ’ t  S o c r :  1 ’ c s i t  t ’J

t ’ - it I he ic I - i - i g  a I I h I Ic ’ 1 I s : s l t  S I I i’:lt u m  I I ¶ o t t  ( ‘t ’~ ‘ S s  I l i e  I I  m~~’ Pt , C s m ’  I n

I a I he m m o l i t ’t:s t ’ a S ’ a \‘ c l I ’ (  I ..‘ :~ I m m i l t ’ t ’:t . . ’ t ’ 1 m m  t e l  e ’~~I M e l  t~. . : ,  h i t  t ’ t ’ t I S l  I

pat  l it  m m a I ’ I he a I ug y I he t ’ m t ’ t t I u

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 , 5 s~~’ S i t !  t ‘g m’ s i  1 m m  1 ‘h - i t ’ I e t ’ s :s  I :u ’  In ’  V a  I cc I I Y :t  i’e 1 : 1  ‘g P s t  I S  a t ’

I S i ’  t ’ . m u ’ l t v  I v pt ’ mi n i , 1 ’ .. a’ h i m  ‘ m ’ s s - i I a I t i g  p ..’ I I s !  m e \ m m I I i t  I he s m e l l  m c ’

a t ’ I I It ’ p m ’  - i s a  I p s i  S \‘ : -i I is ’  • ‘ 5 5 1 . 1 1 t~ a’ I l i t ’ a a t m . . ’ ’  p1 ‘ 1’ \ e l a s  I s

S m :  I he Sc ‘ i i :; t ’ a I ’ I he  a . t  I i i  vs 1 :1 ’ a! ’ C. i s :  I \ ~~~‘ 1 5  I I  t ’ 5 PsI I : ;  ¶ —

~‘ l i t  -i I s  s~ , ‘ ‘  p ‘:0 ad I t t  ‘ m a  m’s  I s .  1 m m  ¶ is m~ b ’i I V 1 m m  1 a: s a!’ ( t i c  I t  t I  a ~ i’s I I ‘ i i

¶ n t e i ’ v : u I I t 1 i ~~ p s t s ’ I s s  I s s  ( l i t ’ v I c I n I t y  ‘ 1 , t  : s p ’ ..’ l : u l i ’ ’ I u t t  :

x+6~~L~~x.(O) : i u td  C~~~~~ s — s  s4.~~t~~b. ‘Vht ’ m m c ’ 1 e a t  l . . ’t i  a !’

I l i t ’ p.. ‘ m ~ I t  tan ~c ~
‘ p ..’ i i i  M i x a sit I hc ’  ..‘ t ’ t i t  t ’t’ at ’ I l i t ’ ..‘aa t ’ ..i  I m i s t  a g t ’  ¶

id i I ..‘ l i  a SI m m . . t a t i . .’ I t i  I s ’  a~ ‘ 5 1 . .  t ’
~ ‘I ’  S ..l S s -a s ‘ t ’ I  a c s  m c ’ S : i m m s ;  ~

‘ ‘ m m  S l i ’  ..‘ a n —

ye ag ‘ s - i . . ’ ’  ‘ t ’ S lit ’ S m s !  Cr : :’ . -i 1 m m I t  ¶ 5~~’ s m ‘I i rs  • ‘ 1 ’ ( i s ’ 1’ t ’  ¶ t n ~ 1 ~‘ s i  I \‘ m u i n . . ’ ic I l l s

l i t ’ 1 h :i I I t s s g  t 5 5  us ¶ 1  1 a t m .

a i s s a u - t a t ’l ’ o ’ vs l i m o s  e t ’ ( I s ’ • l t ’ s s m m I t  \~ ~(
‘ 

~~~~~~ l a s t  I ¶ i ; e m m  an

‘ ‘ 5  1 ~~~ ‘ 5 ’ l i ’  i t  i ..‘a~ i t  .. - r m u ’  W i - i t ’ i ’ ’  I i n ’  i a t ’I 1 c s - i  I y e  1 1 1’ ’ ’
..i ’ s m ..’ ’nd pi’ ,\ S i c  ¶ : i t ’ I s i l  I t ’ ~‘n I u ’ m m  c ( ’ \‘e I a ~’ S l y  i~ l I t s i  t i  l i ’  ( ‘ i’m ::s ’ a s m ’ i ~ a t ’

:111 l i s t  I l i t l a .  Cam I i n ’  a t l i j — ; ..‘..‘ s i t  ~M t t ’  1 .  1 S M ’  5 ’ ’t id l I i a n : m  t a t ’  I I n ’

¶ m l  ( ‘f l ’ t ’ a t ’ I i t  cs. : :’ . i  1 m m  ¶ l s s ’ a u g l i  ~l il ‘‘ I i  ( l i t ’ \ .. ‘ t ’ S  C \ — I f l s l i S . . ’5. . l  V t ’ i~ ’ ’  I t  v

I m S  ‘ \ p s ’ ’ s m s m e d  id 1 1  be m m i i  I : m t ’ I e . . l  S i t  ( l i t ’ ..‘ s l m m e  id ier ’ I l i t ’ 5 ’ a t i l  em S ’  1

t ’ t ‘ ‘ t ’ e ;; ‘ u t t  m m  5 1 t iM ’ wI i 1 ‘ i i  1 1 c ’ m m  ..‘amp l t ’ I t ’ I v a I I  I s  1 s t  ( i i ~’ V a t ’t  S ..‘ :u m~ M i ’  I ’~~..’
S + \ : S  . I t s  as  t n ’ t ’  i c a r i : m  ( in ’  vai ’t 1 “ :i l : m l t P 1 ’s i . . ’ t ’ a t ’ I I t t ’ a ¶ 5 m g  sh a i t  I i

ca s t  1 : : ;  Ic ’ can !  S u i t  l~~ ~m I V S ’ ‘V ..‘t i i  1 I n ’  i~ I t  ~~~
- ~~ TI s t ’ S  s l i t ’ ..‘a i t  ou t ’ 1 a I 1

l ’ c ’ ’e m at ’ :t 1 Inc w i t o m m e  p.. ’ I  i t t  m m l i ’  S i t t  c ’ t i t m t  I l ’a~ t s l  5 m  a t ’ I i i . . ’ v a l ’ I  1 c m i i
5 + ~~~ w h L ’ t i  I I ’  i t l  l i l t i  I l i e  ‘0 : 5 1  a n t ’  1 + ‘ I .  i ’h c ’ c ’ \ 5 : m (  e s s o ’

s ’ t ’ ‘c I ’ t t ~~’ I v I t  I I i  n ’ s t m t  ‘~ i m I c ’ ‘ 5 ’ h i t ’ ~‘ t ’ l i  Ic ’ S I ’ s I  I V s I I n  t I s i s s  i ’OCS  p i ’ ’  V t ’ S

r at ’  l i i i  ‘ ‘ n . i l  ~‘..‘ S  i t t  ~m ~t f ’ ( I n ’  m m m i ’ i ’. i ~ ’i ’ , I n  w S i l . . ’ l i  l’ c ’g.- i i ’ . . i  I In ’  ~- e 1o.. ’ 1 !  S t ’ S

sO ~‘ ‘ l s l (  m m ‘ I ’ ( l i t ’ 5 ’ t i (  c l i  t ’  1 .- t  i’e 1 ‘ 1 ’  a s m s l i  it ’.. I In ’ 5 5 ’ s ’ s : s m s  1 s t  -
‘ “ ich e a

I s s i  eg 5 ‘ t I  Ian I m m ..‘t ’t i i ~i c t  e l  I i i  t e s  ‘ : : s : m ‘1 ’ 1 1 ’  : 1 5 ’ .. ‘ mu  5 4 ~ - m t  St itl I n  5 t ’

I l ie ‘ t r O  ‘t n ’  1 .  4 ‘ I .  ‘ I s ’  v e t ’t  l ’ s  I V e l  I a l i t ’ S :  I t e r m  ‘u t I m~ dc 1 l i t ’



-~~ 
5~~~~~r” -~‘-“ ~~~~—‘- ~~ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____________

~~~~~~~~ TT~~~ 7~~~~~~~~~—-

..‘~~i - i n  ..‘u~~’ 1 4 ..\ 1.~ t h t ’ r a i ’s :s a S ’ a l i t  c l i  Iii I t ic ’ ti es I t t i e : n ’  t ’ : n m t ’ t m ~ Sal

1~ ¶is ’W ll s i sc m - ia aS ’ I me m i s s  l i s t  mm m l i t ’s ’ ;i s ly  l’ t ’ ’t i na t  t ’ si a ¶ I I p s’ s~\’ ¶ I t ’
t ’ t ’gu t  I sp  Vt ’ S ac  11 y ..‘at : s p a i t e u t t  t ’a m ’  t l i t ’ pa IstI m m a t ’ a ug  ~: m i t i . . i  11  ~m e. . 15a - m m

I n  I ito c sts mt ’ s i n d a t’  catis S..i~’s’mi l I s ’S , w l i t ’t i  ( I t o  a l ug  1 m m  a I S t ’t tug

55 at ’s ce iv 1 1  h a i t I  l i i  .. ‘ .. ~le5 5 m ~
‘..‘ P t I l t ’ t’ ~ 1 m m I t ’ s l O t ’ a t ’ I ’ I n  1 5  s ’ V t ’ 1~ ’..’ I t  ¶ .. -

an I lit ’ e . . s - e : s  I : m R : :e t ’ e s m s m : I t ’ \ ’  I a ps ’ m ; t ’ t i i t ~ ..‘a s . . i  S I  I eu a t  l i l t ’ m s f l M ’ s ’t i t

I ‘ .1.. ’ I n  S t  s’: a t ’ S l i t ’ m m m l ’  t ’:t a e at ’ ¶ h a a I ng m l a usi  I l i t ’ l a m ’  t I .. ‘ m u  I V t ’ ¶ 1 1

.. l e t ’ t ’ t t s l  I 150 !‘ t ’ as :s 1 1  ~ nd S l i t ’ ..‘a t t . . i 1 I t a t t  a t ’ ..‘o l il l t t u a s t m m  ‘auim s II l a s s at ’

( li t ’ \‘ t ’ 5 ’ (  I t’ 5 i  I den s  I t  \‘ a t ’ t it t ’m m t ’ ~; 1 t s ’  ¶ ‘s l ..‘esm s ’ l l  S l i t ’ I t ’ i . . ’55 s . . i : t  m ’v — t h e

oat S  ..‘u s’ . Cs : c a s t l o r m i ’  1 • :m : i t l m ; t ’ : i o l  b i t  a t ’ h i t ’ O O i t t l I I t a t i  a t ’ \‘a L t c S  ¶ \

¶ i t  I t  t ‘ l i t ’ :~ m m l i t  S l I t ’ 5 t it ’ i’s S ..‘ st  mm ~‘ doer; U..’ I i’e..~ 55  1 Pt ’ I i t t ’ d l s : i  l ’p t ’s l  t ’ m i s  i . .’ t’

a t ’ I l i t ’ v a s t 1 0 .1  I . . i t  ‘ 5 5 m s  S I  y as s  S he s ’ . .Igt ’ aS ’ I i t ’ i~ 1 ug I 1’ h ..’ i . . ’ as  I ..‘:t I

V t ’ I I . . i s s ’ m ; 1 1 0 1  a.. ’ m ;c eli~l (‘s os:: I t  • ‘ht ’ .. it m m : pj’t ’sm 5’ .WOt ’ a S ’ I l i t ’ . . i e n m m  1! v

I V..  ‘ 5 ’  5 1 s’s I I l s : ’ s m  a S s  I oh  ..‘ a I t . . ’ S a t ’ a ¶ l i t  l i t ’ .. I 1 at ’ c i  ¶ ‘s ..‘ t t i n ’ m i .~ I m m

an 5 he I m ’ .t I I I :m g e. . h - : . .’ a S ’ S Its ’ iv I ug I n  I in ’ cm i 5 5 t ’ at ’ m u I I s  seat’ m m - a lt ‘ s :m t ’

..‘s:sse..t t’V I 1m ~’ I \ ‘p t ’ at ’ \ al’S I 05 1 V t ’ 1 1 i ’ c ’ ya s  .. I I S i t ’ t ’ . . 1 5 t ’ m I t t s  1 ’..’ 1 1

t ’l’e::m ! he ca: s . . i  I I  t a l i m m  aS ’ ..i emmc t’ut t’s’as:i I lit ’ a t  u~ . t ’. . l g t ’ I ’ a m a a m s  C i m  ad :Ii’ s ’Vt ’.

I n  a 1 1 l i t ’ ; t l ’  5 m  ..‘i t t ’ts s ’ a l s a t i  S in ’  v a s ’ t  10: 1 I I n e s s  I ’ e y a s s . . i  l i t ’ t ’ . . I~ ’. .. ’ S i : s  i s ’

l i t ’ d l  - i ’ec t I ot t .. ‘ I ’ i ’  5am ’ ¶ 
~‘ at I ¶ al ’ I t t  1 1  V , all I is’ s i n’  ¶ ‘scc ’ ~ I l 5 t ’ IS ’  m i s ’ ’

m m ’  ..‘ .. ‘::sp~ ‘ m i t ’ s 5 m .  a t  ( l i t ’ \ as ’  I I ..‘:t  I I S l I t ’: ; pe I l i  ‘ ens  1~ ’s i s i s ’  I a S l i t ’ :1 \ 5 m

S hi ’ mu .\ 1 m m  - , ..‘s s I in ’  a I t a :  I . . 1 I  t ’ t ’..’ I s . . l  ~ S c M  a’: I I s’ t ’ I ‘ac S I y mit I n !  I i i  ¶ I

- i s  a t  I s’~n: m 5 5i ~’ ..‘o: a 11 ..‘si a! ..‘a5iI 1: mt I I V s ’S I t’ :i i s m m  1 5 I a s ~ a t  I I i t ’ \‘a: ’ S I c ’S I
S (~~‘ 5 l i t ’ S S 5 ’ t ’ : t . . ’ s ’ Y It t ’a 1 l a a mm t l i m i t  an  l i l t ’ I as S I S s i ~’: edge Ot! ’

l i t ’ a I i  s.. . m l  I S  i t ’ I i i !  t S t m m  S I  ‘,‘ a t ’ v t ’i’ I 1 cs S Sc n~ it y ~‘ t ’ I h ~’ i sul I t ’ p 1’ s’ u’s:m I l - i t ’

I l — s m  l i ~~ped v t ’ s ’  5 I . . ’ ~‘ ms s u l i r c i t  15 e . . lua I . 0 1 ’ .. ) . i”~’i’ a \‘ .. ‘ t ’  I 1 s ’ : 1 1 I s  m a ~ a I a’:
a t  I iS S t i l t ’  :~1’ .i - is t t ’ats t t h e  ~‘.. ‘it..t I I  I a t i  a t  t ¶ t i l t  c ’ i i t ’m s S a S  \ i ~ I s o s’ I t  iva

:t I m s a  .. ‘b I  ml . Sn \‘ m i I I l t ’ : tm  a t ’ m ’ c ’t ’ a V a l ’I  I ¼ ’Si ~ sjt ’li m s I I  \‘ all I i t t ’ I aSI S 1 1 rig a..a’:..’ a t ’

( l i t ’ \ s ~ S t  1 0:1  1 m i t ’ ~‘:sat ’ itt . I i i  ( l i t ’ a r t  m ; t ’ ‘1’ : 1 1 1  ‘5 5J  ps ‘ ¶ l i t  s~~1~ :1 I . .  ‘ m ’  I S ~‘:l 1
- - I I i - to l i ii ’ c and I s  I a t m  a I’ 1’ 1 1 1 1 1  t ’lie s ;m; s~ l~ iS’ 1 oc I I  v i v i  1 d i  S 5, ’ I t ’ ‘:‘i hit ’ i

l’y s uit I i t t  t’~’tPmi 1 at ’ I t ic ’ ..‘ sin cI i ~ I y ~~t ’ ..‘ s i s ’i Ss’ m ; : i t  I 1’ t ’~ t a s s  ‘1 y a l l  lm I

S 1 s t  ~ ‘~~‘ ‘  ~~s ’ :t  i t . . ’ t ’ at ’ ( l i t ’ i a  P1 I ~‘ I s I t  ‘i t : ;  I t  \‘ 51 t I n ’  ci Si a S ’ I l it ’ S I S I s ’ I ‘ I
I i i  I tt ~ sS SS t ’ a t ’ dt ’ s s ’ t ’ i i l  a t ’ ( l it ’ V a t ’ I  I ..‘em s ¶ ‘t ’ c ’SU ( I s ’ adg ’ or  a I ’ I s m I l  ‘

pa ii W I t ig t i lt ’ iv I s - i g t ’ ‘ 1 ¼ ’:, ’ m m :ut ’o i t s ’ I h i t ’ c t i ~ l pa h i t  m~ ‘I ’ i’ a ’s 5 c:i 1 1 I m t t ’ sm
.51 1 ¶ Iii ’ V oP ¶ I c m i  I s i t S  I ¶ y a l t  I In ’  I I s - i t ’ a I ’ t i c ’ m ; ..’~~’ s O  I s m  ..‘ :aI i t ’ P s i  I S at t ’ 55s ’I
t ’’,~ t i m t I ‘ c ’ Pa

1 ’

‘..., ~~~~~~~~~~~~~~~ ...m~t~!.~~ lali5’~ ?�is.



_______ .•.- - —

T h e  51 m s ..’ r e t . .’ :;s’ht ’tfle m m t s a s m  i t t  l . t t t ’ ..’i ’p s ’i ’ s i t  ..‘ (list S I m m l i’ t1 ’ut t on  at’

i a  at  S ..‘ s t  I. 1 t i l t ’ ~; a S s  5 c I t  , a I I i  1 l ie 1 1 ::s I i  i i  tg t ‘s l it s ; S t  I all i ’ I’ .. ni t :t sl i m ; . . ’ l’ s ’ I s ’

~;..‘ 5 t e s : s t ’ I a  :t m ; . . ’ht.’n s..’ at ’ l a S t I t ~5 1 m S t t t ’ l’ m t c t ’ , w an  St t ’ i s m m iS’ t ’ t I e  ..‘a i i t  l i i u i  t y

a t ’ S i’s u i s m  I t  1 ‘t s a t ’ i’~ ’ at 1 ..‘ m t I ~~ s • t i m ;  I t  y ot t  l i l t ’ cei t i e  s i t ’  t ’ 5 ’ ( l i t ’ a l  t ug 1 ,
s l i t s ;  a 1 1 1  15 ’ t ’I s m s l S ’ ’a..i I t ’ t h . .’ p a I n t  w h i c h  , I n  th e  sI I m m ..’i ’eI  o m st ’Iit ’flit ’

1 m m  0..’ - i t: ’, 1. . i . .~ i t s 1 S l i t ’ t a  1 : s t  at ’ I I t s ’ a I ttg t ’..lgt’ s.c I i i  be. ’ 1 I f s  I t  s ’si I’ i’ ..’s:s I l i t ’

51 I’eo 1 Iou a t ’ t Sn ’  l o l l S c am I V t ’ I I by :L V a i ’ I  I ..‘a 1 i S i s ’  a S ’ S l i t ’ m ; : I i t t ’

l u s t  t ’ i t m m  I t  y s i m m  t’t’atlS I In.’ t n t  e a t  05 ’ 5; Ide  ..‘t ’ 1 t i e a h ig  Fl  g • S • S - I  SOs ’

I its ’ 1’..’ 5 ~ e t iv. . ’ d l  i’ t ’ s ’ I I a m ;  so t ’ v a t s ’  I I ..‘s 5 1 hit ’ m~ an t in ’ a I ¶~~ S i v i s  I c i t  m l ’ t ’
M I S ’ S  I I ’  I h a  I S i c ’ .sxl , s i t i s i  : tx  1 m m  , i t t ’ t S ’  t ’s ’i ’ I in ’ m s s ’ h’..’ t i’d m m y m s t  t ’tfl at ’

Pt.’..’ t mu tgm m [sit ’ ~5— s~ i t t p t ’ tt ~‘ a Pt  I s ~ a m ;  t i l t’ S I ts -i I t  I t t g  i’:i Ut ’ Ot~ ( l i e  Se I t s  i t y a t

s i t  m m ..’ t a  t e v ..’t ’  S ot ’m ; an ¶ l i~ w 1 t t g  I n  I l it ’ a 1 Pt ’..’ ( I ..‘ti at ’ I In ’  m i x  Is ; ~, t ’ti uai~ ~‘

= ..‘ as 5mm 1 , :, ~ S i t  at th i s ’ 11 : : m S I  I t  ig vs i s i s ’ a t  I lie den s ;  i t  V at S Is ; o p e l t ’

V o t ’ t  1s~it ’~ oil I 5..’ iv Itsg I t ( l i t . ’ ‘1 I i’e oh 1..’ii a t ’ t it ’ m i x  1:; : , ~~~~ us [ ~m

o a s m s l  an , S h e u i  I ’. .a ’  e :i . .’Ii i ’ a l u i I  a t  I l t~’ e t ig t ’ l i i  a l t  1 c l i  in ’
- ‘ XU I~

)
s’ at iS I t 1s t - i  iS a t ’ not 55 ’mt m m mm s t 5 t ’ 51 5’ t ’ m5i 1 tn t ’ 1 ed ( a 5 ’ m u d S I t  I ~‘ 1 i : i  I v o at  1 0 t ’5 S i I ’ ..’
.. l t ’ s i ’ s v i t  I i i  t i n ’  ..‘ s ’ m t ’ t ’ s l  I ..‘ i m s s ’ . S” t’ ..’tn ( l i t ’ at .  t’ t ’t ’( l a r m  ‘a I t l s e  V a s t  I c m i  I.

Vt ’ 1 1 OSt ’ V sort s’ x I :m ~~~S 5 ’  sin s m p sti ’ :i l i e  I 1 .. ‘ t I t t ’ m t x  I s ;  
~, at 1st t h e  o t i a ’ t ’  —

s ’ m u I ’ ; t  l i t ’ I I a t ilt ’ . . \ I

S i t s ’ iv I itg 1 :5  d li’ I . . ie a  by s i  ..1 S m ; . .’ re ¶ ‘ g i ’  I S  at ’ caau ’d I n:i ¶ t ’ I I t t s ’m ;

I n t  a c a au ’ ..t I t i : i S t ’ sm ..lUsil’OS I n  ( - l it ’ oef l t as’ so t ’ t ’ :t . .’h at ’ mvh I oh , :11 pa I t t

m l , 11 , t l i t ’ s ’ s ‘t tsl I t  I s ’t l  a t ’ i s . .  ‘- i tpa  :m : ;a gt’ I s ;  m ; m l  1 1 m ; t ’ I etl , l i t  t h  I s  l’t’~’:s i S

s ’s S. s i t ’ k ; . . ’ ~‘ t- I s s t s m ; a I ’ l i t ’ 0 a l i t  an a it’ t t  I ..‘ l i  sI t )  fla t ..‘ a 1 - i - i . .’ I sit ’ a’ 1. ii t S It ’

s i t  Pt’s’ I 1 s ~ - i t  .. ‘t ’ ( I t s ’ s ’ ..’s ’ s a I t  smu t e S t I l t ’:; t in ’ s’..’iit a l l - i ’  I s ;  ‘ t ’j ’ 1 s t  O t ’ sI  [‘V St

I ’  P..’;..t’ lt  .1. l i l t ’ ] . . ‘ ..‘s i t  ‘a .. ‘ l t t  m ; I s i t ’ I i . .’ i’i I ti -: it l i t ’ m l i ’ t ’:l s~ 5 ’ ( lis ’ lv S s i g  ¶ :~ I a s t ’ t m

w I t - l i  :1 :mSl ’ p I 5555 . s’hs ’ s’ ’ ..’t . i t i g u  I m i t ’  I l — s l i m i p s ’d \‘ai’t 1 s’ :al I I  St ’:; cs ’s m : m s ’ ..’t t ’ ..I

W N h  t it i . ’ w i i t ~~ t v l i s ’nt ’ I s  ml es lm tm i t  y 1 s; sit ’ 1 t ’ i’ui ti t t t ’tt t ’ralit th e ..‘a m s t i I  I .. ‘ S s m ;

a r iloit p :tnsm :tg t ’ it’ s ’ p S a l t  ad all lit ’ i t ’ t ’( S Isle a t ’ 1” I g • .
‘ by m 5. . ~’ 11 ‘.1 I I  l i t ’S

S li t ’ :S’t’aw:m in S  t~ ’s I a I i t ’ se i t ’..’ t t ~ si 1’ s ’m ~ I I  I i’ s ’ d l  t’ t~~’t 1011, Cli l v  s t
p ar t i o u  a t ’ t ht ’m m t ’ 1 Sit s ’ ~5 i v I t  I s ’ hi I is ’ I i i  alit ’ s ; sssi i i  s . . I i iml  s’ e arc p 1 0  1 s ’..i I n
h i t ’ l’tg u ac • I i i  I i i  1 m m  u ’eg:i i’d , e:i c i i  a t ’ l isa 5 ’..’ll t ttam ’ S t ’51 \‘ 5t1 ’ t 1 s ’s 5 1 h it ’  m

t t eg  S i ts ; m i t t S  t ’ i t s t s; an ( lie I i’s I S I iig  odgt’ at ’  ( l ie a I ti g • ‘i lit ’ s’Oitt t i : n a  I
a t ’ t l i e m ~~’ \‘ .. ) l ’ 1 l csi I I 1iit ’~ att I t sis~ ( - l i t ’ W I h g  b t ’g hitil h g  iv l i i i  S l i t ’ S u ’ s  I I —

I ti~ ’ t ’si ~.’:t ’ s’..~ i l l s’ I tit’ m t ’. . i u ’  direct ion a i t  ii ( l i t ’ ~~ i s ’..’ i t  \‘ ‘1’ ( l t t ~ I ’ l a w

- -  
- . _;~~

—
_ 

—



— .... ‘ - ‘~‘ ~
- -

~~ —~~
..‘---v-

~ 
-
~~~~~~~~~~~~

‘- .
~

- 
~

- 
—- -

-— ‘ -

. 

-

C u t  1 Sit ’ lc t ’ t- s I  sit ’ at ’ ( li t ’ t’ I g ilt ’s ’ tli s’ I1~ t’siIi( I i i s . i : t t  Is’s , s~ ’s.v as 1’ -i ’ ..’t ’ , I s

t’ ~~~’~ t ’ S t \ ’ t ’d by ss4 It! I .luic m ; wi t  [cl-i t ’t ’ g I i  :ut t h t ’ O s ’ i’t’ t ’’S~~ ’ t 5 l l  115 t’ c i n i  m m

at’ (- h i s ’ I - i ’m sl  1 ‘t m t g  c ’..I g~ ‘ . The b s i u t i d s i  u ’y pa I l i t  ~; l u t  w i i  1 s’ S i ( l i t ’ cul  s .. I t  1 at t : m

a t  ti ..’i ip :1 m ; mm m u g s’ Si Pt.’ m m s i t  1 m m  (‘Ito ~I s i t  iS wi - i  I cl i  , l’s a’ m u s u n . .’ at ~ Ic  sc I i .. ’sa t ’ , . 1 Pt ’

p a l  nI  :5 a I’ lie o ou st ant ’ :tm ’e  inmu ’ke. .1  by  S55i: t I I a - i’ s ’ m m ~m t ’~~ . ;\ t l 5 s t ~~m & ’  p a t  it t a

I l i t ’ st s’itd .1 t I a ss; a t ’ d e m m s ’ t ’tS mu s t it t ’ m ; : i  I S m l ’ I s’t t  • I . 5 ’ , , I u s ’ ca n S  5 1  1 sssn

s i p t ’ I i t ..’al’~’a5’ s i t e d  a l i l  c l i  t’ltSUi’ t ’ ( I t . . ’ s’s ’ i t t  I u i u a u m ; I u ’: i t - i: m S t I an at ’ I he
v . . m l ’ t  1 c:i ~t t i i t - i ’ t’Sls ’t ’ sit

’ ( l i t ’ w i n g  S t. a ( l i t . ’ \~~ -i~ t c s l  Sstl ’t ’mi s ’e at I he i s ’ 1 1

r .

l” a t ’  ml t - ‘m t I h u g  Osi5s~ w i i i s s h Is not pmux’al. I c i  Is) l i s t ’ ..‘e ’a T ” i  l : m s t t . . ’
mix Iso ~‘, , t .l i t ’ boui idai ’v  p a l  id is ; point (tim , I )  w hi ch S I t ’s; si l. t li t ’

t’s ’flt t ’P a t ’ t lie i ’ect  si - i a ’ :  I t ’ i~ 1” 5 P , I t s  wh .1 c l i  r e gm ui ’d  t i m e
SI t , I ni , ~1 lit • 1 u - i - i , I

S..l t’s; s’ 1) : i - i i s i  P 5 nt ’t’ve m i s s t in ’ [‘oundai ’y a t ’ I lie id u t g
55 - i , I -iii , 1 tm - i , I -i s ,J

mi nd t in’ V ..n’t I ‘s i  I Vt ’ I I . ‘[‘a e t i S Ut ’ t ’ c a n t  t u m u l t  y at’ t h e  v au ’ I  t s ’ m u l
m m 5 ‘ t ’ :u .. ‘ t ’ in  ( l i t ’  511 l’t’..’t I an a I’ t l ie : ix I m s t , -i~ i’..’i ’l S c m i  I I t in ’ s  w h i t  oh ..‘s ’ I i i —
..‘ I Sc ’ s.d l b  ¶ l i t ’ ..11 P50.’ 1 1 a u t  at ’ s i x  Is; ~, am Is -tu g ( l i t .’ 5 I d t ’ P 1’’ 

~ 
, (1st-

-is-i , so ,
\‘a t ’I .  I s’:t I I I t i t ’ a t ’ I it t t ’ - is m ; it y \ i ’~~ I s ;  1st  i’t ’s t U C t ’d i ’ j l i t t t  ~\ I — t l i t ’

- 
- I iii t ’II :; I I  y si t’ I l - it ’ Il—si -ispeti Vs - t l ’ (  I t.’m il I l i l t ’ t’at t ifl t’s’( s’si iv i t  h ( l i t ’ :5 (51 .15’ s ’

m c h t :; ’ ct.’ u - i l s ’i ’ i s ;  P° I t - i t  ( u t  I )  , ~‘i t .  pa 1t i t s~ I) C 1 t i l t ’ i’~ a’I ¶ ,.‘sst
- i - i - i , Ifl , .

l i n e  ililslc ’t’~’5 s5t ’s m :i t’1’ : tc  t n a t o  an..l bcImsii ’ s ’-~ i t  I~s’ ml I ’ t ’ ..’e \‘..‘-i’ t I s’si 1 I ‘sis t’.

i
’ ..’ ‘l i s ; i i t ’ t ’ t h e  ..‘ a t - i t  I t t u i t  v at ’ t I n ’  v..’u ’t  I s ’s I s ; i m i ’ t ’s l s ’e I t t  ( l i t ’ S I p c ’..’t  S

at ’ t is s ’ ax S m ;  ~. a l ang s ide  
~~~ , ~~

‘

~ -i- i ,~ 
a ‘..‘a u ’ I  S c s i  I H u t ’ I s ;  S u i t  u ’adu . .’ t ’ i

iv 1 1  h h i t  t o i l s ;  I t  ‘~‘ .‘.\ 1’ — A I’ , , —\ t p ..’ h i t  m P , I” t h s ’ \‘at ’t  I s ’ 5 1
III , •I. ui -i ,,  i t -i , ~1 ti - i • I.

l I n t ’ WI - i  1..’ls Is t n t i ’a t b t t ~t ’d u u m ds ’i ’goes a t’i’m i c t  Ut ’s’ m i n d  :StI’s m t ’s 1 ti t ’t lt l\ ’
S ’ eii:tv t ’m ; :is ; :l t’ ret ’ \‘ovt  ¶ s’si l I l  i s a .  In I ” t g ,  .‘ ( l i t ’ \‘ap t  1 s ’ t ’3 itls S c ii 5 - i - i ’s ’
S u i t  i ’ad i t s ’e ..t m ul ’ t’ p 1 s ’( i t ’d t ’v ( l i t ’ bp ük s’ti 1 1 ties ; w im 1 .15 ’ their so t .’ I e..’I t ’ ..i

P s S si I t  I Vt ’ dl i’Os.’ I I ‘u i  so ti-ia i ’ked by si ‘ u ’ ..’it ’ m ;

l” au ’ ml ti’s ii t ug  edge w hm I c i i  Is pmst’a J b 1 1 so ( l i t.’ s ix  I s  • ( I i . .’
b a u u m d a r y pa l  iS I s  (lie pa I t t  ( iii , m m w l i l  cli  I l e s s  at  ( i i . . ’ t.’ e m i t  s’i ’ at ’ t i m e
t’ s ’s’t m i t i g i t ’ U ui , n

tI’
t - i i , uu D

ttt , ~~~~~~~ 
I n  w h i c h  m ’ s’g ai’d t hi s’ n I  sht ~ S s.

i s - i ,t S 555 • 1
sot ’ pves; mis ; t I n ’  i ’au u i d au ’y  at’ I lie wi tig S ansI 1 1- it ’ v a a t  I ssal  ye I I Y .

V a p t  t o a l  1 l I l t ’ at ’ I u t  e l m s ;  t h y  \ r ~ ~ 
I ~; i tS  i ’adu ~’ e5i t o e im su u ’e  (h e  ..‘ 5~t i _

I u m u i  I y a t ’ I. lie vcst’t I ..‘ s u l  S i t  a t ’st cc a lot ig  t h e  m ; t . . l t’ P C . A t pa h i t s ;
I - il ,5 lii • i l

t~ C ( lie I l i l t ’ Wi i I s ’ l i  ¶ 5 1 l it j’Ostii~~esi iti i ..it ’t’g s ’t ’s; m l  t ’i~ u .. ’t (I i’s’ s tunt111 ,11 ltt ,l l

I ~l

L ‘
~~ - - - 

~~~~~~~~~~~~~~~~ ‘- - -*~~~~~~~~ rt~~ ~~~~~~~ 

j



1~

.m s 1 5 Ss~ s l m m s S i t  l y  5’ s’i ss i \’ t ’m m iS 51  S i ’ t. ’ ‘,‘ si t ’t la st I I Iti e ,

“ a t’ S a l  - ‘st 1 s - gt - s s  1 0  r a I l s ’ I a I in-’ s i x  I s ~, , t lit. ’ I - ut s5l:ti’y pa It

Iso tht ’ s . . i n t  m u - i - i , I) mvIs I . . ’h l i t ’s; si t 1 lit.’ s’ s ’ f l t e u ’  a t ’ i ’~’..’S O.. 5 1t’ ~

C V , ii d l i  I t ’ll t ’ s - I s u I ’ ..l : 5 1 5 . . ’ H C m S , ’ S ’ V  c - m s am ; I ~~t ’ [- s s J t s tsu J ’ V
. . s , L . - m ,~~ . m ,I s ss , i ss s ,l

S st ’ mc is s ’ : 5 ~
- a l’ l, I c am I ~‘ I I ~ , .t I.. ‘t- i g I Sit ’ mm I s it ’ H C :i

‘:m , i t- it ,I
vat’ S 1..’:il I ¶ fl s ’ s t I ’ l u s t  , ‘nm m 

~
y ‘ ‘~~~

‘ — ,\ i ’  , S c m i  I’O S U C S ’si w i - i l  e l s  ~‘sm - im —
lit , -ifl ,~

I sUes 1 Ls t lie .. - uS a t ’ t i m e  I at -c  i ’sil s ’ ..I g..- ivits ’ at.’ i t  . .n ’c  cs ’ n . . l m m  m i s am t ’pet.-

S ~~s t  1 I t nt.’ ags ’t  iis ’ i ’ w i t h  m i l l  t i l t ’  ,l s’ i m i t . ’S v a i l cal  I l n t . ’s wi - i  I s ’l i

..‘ol  t i e  I k i t.’ s.d i t  ts I lit ’ 1st t t ’ m a  1 ~‘~ i~’:~’ . At  ~‘a 1 st  l~ t I - i t ’ i s ’ - i ’ S 1 s’ a 1 I l i t t o

I I  0 ’ m u  t ’ at ’ s ’ v a t ’ t  l o a m  I I i  l i t ’ . ‘1’hs’ at ’ l ee  I t . . 1  
~~.. ‘, m 1~ I v.. ’ sit I’s’c 1 lass

at ’ tin ’ jss i iit ” I a s s 5 i  i t t ta..’..1 - it ..mt. ’a va-i ’S. Is’ : t l  1 I i t s ’ m ;  i s ;  f l l S t t ’ \ t ’ s - i  b y l i i . .’ sn ’u ’awn

~ ç~cM~11~ ~~:::—r
A1~.r t~~t ,Ar~

- - ~~‘ ~ ‘~~“ ~~~~ I - 
-

~~~~~~~~~~~~~ • ‘~~“.° 

~~~~~~ 
. -

Cm,O F B I’ - 1- -

,, 
XFm,f 1’lI’l - 

- 
- - -

vrvrrlz
. . .

/ / j — 
$,,,i F ~~~ 

) ,, - -

// ~ 
m, in.,f m~n -

If ~~
‘ :~;~ 

‘
-~~~~ 1

1/ ’
FigS S.

Poi’ mm i.t ’:idi ts g c ’~ l~’:t ’ w lm. i  i i i  is ;  i t t ’ I l’ s l tnt I Lt ’ I t so 1- l i t ’ m i x  1:; ’, , ( In ’

b o u u i s t a u ’y  p o i n t  Is ; i’ s I i t t  (ni , U~ w h i c h  S I t ’s; s - i l  I li t ’ ot ’t i t t ’t ’ al ’ i’a..’t an g i s ’

~ 
h

- i1 , ~ 
1’

~ ~ 
C 1-i-i ~ 

, l i i  w lm I o u  aegai ’d mm I di’ s; Dm 0Bm ~ 
and Dm , U r n  ,O

St ’i ’Vt ’ m u s s i lit ’ bs sutt..lai ’y of the wing S and I he vor t  Sea l  y e l l  ~ . A

Vci l’t- I si5 I i i  l i t ’ a t ’ tnt -ens I ty ~ I’m~ I, t — ~~~~~~~~ 1,I~~~ ~~~~~~~ 1 M’m,e), is



- - - 
~~~~rw ~~~~~~~~~~~~~~~~~~~~~~~~

_ ‘ “
~~  - - 

~~~~~r’~w~
— ‘w --

t u t t  ‘s)sI (iCs’st :u lo ut ~ t h i s ’ i d s . 
~~~~~ ~~~~ U ~~m , O~~mn ) ) : i m m d , t ’l’ s ’!fl pa S u i t  

~~~ o
t ’ t ’h aves  mi ss S t  t ’-i ’ t ’ t ’ Vs )X ’t I s ~5l l i m i t ’ m i u t s l  , 1’i’a mt i i~~ t n t  

~ ~ 
C ) co n—

tutu t ’s; : t l s o u i g  the  w i m i g  i s s u ’ m u i l e l  I s )  (lie m i x i s ;  ~, I t -t l ii..’ tt’ sti I t u g  edgt ’
w i i s ’i’s’ I t  s I t ’ s ;s ’t ’tnis ; : 1 m m  :1 t ’i ’ t ’t ’ V at’t l o s t  1 l i n e  t ags’t he m ’  w i t - h i  ( lie cam ’—

I ’ t ’s;~s s s u i . . 1 I m i g  ,Iotute..1 vort Ices . T h e  posit ive d l rt ’c t i a m i  01’ ti - i s’ voi ’t  1s~s t 1

- i I l u i s ’ s; W i t  Is ’l i stat ’ t uit x~os1uccd : t t s s l  J o i n e d  Is ;  tu sm ~~’ h t  S by su’i’ows . ‘ [ ‘l it. ’
‘ I I  t’t ’s ’t ’ t.’ u i t  sslgiis ; w i t  ii ( l i t .’ va in . .’ s it’ h i t  t ’ u - i s o i l  y w i t h  c o i n s’ Idlu ig a i ’I ’ aw s ;

:1mm we 1 1 s ims I he m is tS - its ’ si gi -i s; 1% I I. h UP )~) 55 I t  t.’ I y s i l l ’  si t ’ I t ’ sI ~ 1’l’OW so so I ~::-i s i t ’ 1 ‘ m m

ht ’ ut tu t u su l sit. ’s; t i ’U s’l I sit  s - i l ’ t i s t . ’ s i o t  Lou of ’ V ai ’l 1~ ’a1 l in e s ; . As ; Is ;

t ’vtslt.’n t ’x ’ar ti  F i g .  ~ , t lie 1st emis I ty  a t ’ S. l - i t~ vo~’t I . .’ s t i  h u e s ;  wh I c l i  mu’ ..’
1st t’odu~’ s ’d ansi w h i  I c i i  to mis ;  ui ’e ( lie c s) l i t  I i U  It y sit’ I P5551 t lou 01’ V ar t  I s’si 1

m5t u ’ t ’ :sct ’ 1 ~~‘ s - i t - i ’  1: 1cc Y i t t  t h e  SI  as’..’ i s - t m i  a t ’ t I - i t.’ ax i  s~ ~, and s I  x i s ;  m,
t ’ s s I ’  pa .t u - it (m , 0 )  m i r e  s ; u c h i  t hat  t ll t ’~’ n i u t  um tl 1~’ sle m ;t roy t h i s ’ s u s ’ l  lo ut
si t’ (lit ’ ,( s i t n ’.. i va i ’ t cx w i t  l o u  S m ;  O O t U i t ’s’ t .t ’sI w i t - h  p a l  u t  (t s i , 0)  sl5sl  ( lie

:i..’t Ion  s o t ’ t h is’ s’aisipsotit ’imt m ; at ’ l i l t ’ 1st t’a. .1 u 5’ed voi’t I . .’t ’s w i t  Ii 1st s’ u t m ;  S t y
Al ’

1 1 1 )
. In  t u e  d is c l’s ’ I t ’ m a’itt ’t ss t ’ at’ t ht’ wing I t  I s ;  imol  iicoem ; s;sil’y I a

L u i t - i ’ .. s tuc  s’ t’u p - ‘ so u ls ;  I ds’ i ’ m i t  I On I tn tne ..I I St C I V I lit .’ j o u u c sI VOl ’ ( cx w I t h i
[ m i t  t.’n :; 1t 5 ’ 

~
\1’

- i , ü  W k i i s ’h ~‘ a m ’ u ’ a : ; ç c u i s s t m ;  I a  pai n t (in , 0)  b u t  I a  I ai~e 1 l i t ’

i t i t  s ’ i s  I t  t es; a t  (li t ’ li - it POs.IUs’ s ’sl V 0t ’t I s ’ t ’so 5 - i S ’s ..a~usi 1 l’t ’spt ’ct  lV t i  i \ ’  I s ’

‘~ 
~

‘
tui+ 1, 1 511 -itt A 1’ m+ 1 , I 

Al ’  ‘
m i-i , 1’

k Thus , t h e  S u i t  eu - is ; I t y  at’ sill V s t ’i I t ’ s’s; n e w l y  I n t r a . . l u t .’esl oui 1 he

t s i c ’:s ’ m m o1~ a w i n g  s - i t - i d  w Si I . . ’hi e nsur e  t his’ t’t t i I  I s’uiesos ; sot’ veloc  It  \‘ sIt
j sa  1st  a sit ’ wI u ig s’dge s is t.’xpm ’e ss;od t bt i ’oughi  I l i t ’ l u - i t  t ’mis ; l t  y of’ t h i s ’

pi ’t.’v I s) U sO ly coils; I rite t- cci j a itied II . forts  vo rt  I ces ;  whose  1st e t i s  i t  y is
sit ’ t 01~- is - i 1 u t . ’ S I’ t ’onl h i t ’ ..‘s i u is t l. t .1 ~ t i 01’ nonpas m m m ig e son t he sur t ’:m s’e at ’ thm s ’
w In g .

BIBLI O(]RAPHY
I B 13 r 0.1 y 6.s J1f1~M~ N 110 TeOpPU itp~ia& roCwxsIu.T, 1949.
-2 B II *d. u y~~e.. Huo~opiis uu~ w~~w~i*uO Ttopiw KpM~a, Tp. u-~nt . ~~~
., A A 1 I I , k o . m c , I is *- 11OII~I,AU CCCP. 1967. ItS . 7*2.

C M. B.a o~~, p i o u c ’ i u ø .  IL ,.. AH CCCP. M*r, 196$, 7* 4
~ • ,il- r . ~~0 a. K,p...N. 3mc 1a~N •W3~ $ttU, 116*.

h u t s ; I i t  Ut  t ’ at ’ T imes ’ i ’ s ’t I s~a1 sitnl App 11 cci Re ce I vest
~Ic ’s’h :tusl ‘ mm , S i b t i t’ S an Branch , A cademy of i~ F~bru ‘y 1 O~~, ’
S..’ I e t i s ’ t ’ m ;  1 :~SK , . S a v a m ;  I t j t ’ s; k

I I ’



~~~~ - ‘  ~~~~~~~“ - ----- . - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

1- I.

DISTRI BUTION LIST

DISTRIBUT ION DIRECr TO RECIPIEN T

ORGAN IZATION MICROFICHE ORGANIZAT ION MICROFICHE

A205 DMA’I’C 1 E053 AF/ INA K A 1
A,210 DMAAC C EO 1 7 AF/ RDXTR—W 1B3I~ DIA/RDS—3C 8 E4 0 4  A E D C  1C01m 3 USAMITA E 40 8 A F W L  1CcOQ BALLISTI C RES LABS 1 E 4 10 ADTC
C510 AIR MOBILITY R&D I E4 1. 3 E SD 2LAB/FlO FTD
C5 13 FICAT I NNY AI~~ENAL I C C N
Cc 3c AVI ATION t~Y0 COMD 1 TQIS

N I A / P H S  1
C591 I~~TC N I C D  2
c6i~ MIA REIX TON E 1
D008 N I SC I
H 300 US AJ CE ( USARE uB ) 1
P005 ER DA
PO5~ CIA/C 1t /ADD/ 53 D 1
NAVO Rt ~ TA ( 501.) 1 -

NASA/K Ii I 1.

AF I T/ I J ) 1

FTD—ID(RS )T-O1O1—78

- _, lU~~—.,.._..— ’_-_ ’_ -, - 
~~~~~~~~~~~~~~~~~ %~~~~~ ‘ ~~~

.
. i”

S 
‘
~ T± - - “- S ‘- ‘ ‘~~~


