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i. : Abn.trflAt

V- Th* iri»iwr»l Theory o f  l n t 4^ f* r a r o » ,

t« Vn« In to  nooount the  e f f e e t  o f  f l r . l t -  wourr*

p lze  spectrtfln S«ti<’ le  pr$m*rt*A In

r«,te.ll end ex tended t o  f ixnleln  th*  f o r w i t l ^ n  

o f  ln t» r f" roy^m *e  r.nd o p « rn t lo i  o f  the  ?-*eh » 

v>hnner Tn t e r  f* r  o'" ■ t o r . \r a n e l y t "  o f  the 

• r ro r* ' ,  V o l u d l n r  thn"*  ^u» to  bound<rv l« y e re ,  

r e  f r a c t i o n  end f i n i t e  *r.*rtur<,,  le  wed* en-t the  

u n c e r t a i n t y  I n t e r v e l  o f  the In s t ru m e n t  At found 

to  b* on ly  o few p e r c e n t ,  d e r e n d l n ^ ^  thy  epp- 

l l o e t l o n .

The I n t e l  f e r e ® " te r  V«» a p p l i e d  to  the  m«ew-

u re» en t  o f  t ier .el tlew ir. two euv-ereonlo nh« .nele,  

and the  r e s u l t I n p  d e r e l t y  con tour*  ooiupered to  

thee*  o b ta in e d  by C h a r a c t e r l e t l o  t h e o ry ,  »nd found 

to  e o r r e r  onti w i th in  the i C T t e l n t v  In t e r # * * ,  

A p p l i c a t i o n  f f  the I n t e r f e r o m e t e r  to  boundary 

ever f low l r  I n d i c a t e d ,  and th e  d e t a i l *  o f  the 

f low In the ah'* nele iJ\ccu*"-ed.

Th* we* o f  p r e s s u r e  hoi * a t o  d#t#P#ln#  * 

ye f e r e  not  d e r e l t v  f o r  ln t*rferoF*»ie  e v a l u a t i o n  

1« lnv*«tlc*eted,  arid f r u n J to  fte In o rd e r  pru-  

v l d ’ rp th* t the p reee u re  hoi  * * a r e  " tra i l  end smooth.

To*"1 h»*d «nd - t e t l c  r roba*  f o r  use with  a 

Wadtweter  a r e  n a l lb rm te d ,  and the  per formance of  

l a r y e  %nple ooneefo r  the  measurement o f  M*oh 

u rb e r  le  c h ec k ed .
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I n t r o d u c t i o n

Turin, '  the ^roprm-a o f  • tufly o f  flow 

In Riiv-reonlo chnnnelp In the Tech e n lo e l  

:n • Ir .pcrlnp T eh c re to r  o f  the  U n i v e r s i t y  

o f  the  w 1 t v # te re ren f l  I t  wee foun-l neo"e«erv  

to  o h t o l n  r ' o r e  c u e n t l t e t l v e  <tet,e then  we* 

v*,.l ' tefl by > h l l « r # n  enfl r^obee whteh were

n v e l l e b l s .  VorV. -tore at. T r lnoe ton  ( Be

n, I'D ) l n f l e o t * 4  t h - 1  a veoh -  7. -in.ler 

l n t # r f f r c r " " t » r  would b» ld « a l  f o r  t h l *  type

o f  rr- eeurei t-p. t ,  end th ' i  I n s t rum en t  wee
&

I'"-'* a 1 b u i l t .  I t  e p tn red  hov«v»r tKet the

eve l i a b l e  re ferenopi i  on the  o p e r a t i o n  end

th e o ry  o f  * he In s t rum en t  l e f t  much to  be 

i tef ll red,  le.iHr.r  '■' 'Inly w i th  I d e a l i s e d

I n t e r f e r o m e t e r s ,  mo t h a t  e thorough a n e lv e l*

o f  the th e o ry  wee unde r ta ken ,  and ha* here

been }.renenr »d In d e t a i l .

Th“ pepformane* o f  thr  t n t e r f f r o m e t e r  

h e " b e -n  rh»nk*d,  nnd the  l n t e r f « r o r « t e r  then  

u«i#r to  i n v e s t i g a t e  th» rhennel*  and c a l i b r a t e  

the  cone® e r /1 r rob»n r»v1 ou«lv used .
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>enernl i n t e r f e r e n c e  beory

I  |
I t  h«B been th o u g h t  b e e t  to  p r e s e n t  th e  g e n e r r d  i n t e r ­

f e r e n c e  t h e o ry  n u l t e  f u l l y ,  i n  «uoh » w»y t h « t  i t  cou ld  be
e p p l i e d  t o  eny ty p e  o f  i n t e r f e r o m e t e r ,  o r  f o r  t h e t  m a t t e r  
t o  eny ty p e  o f  i n t e r f e r e n c e .  Much of th e  t h e o r y  hoe hr-d to  
be edep ted  t o  the  %enerml cnee .

1 uve A f le ly a i f .

ABBuming t h e t  l i g h t  l a  p ropege ted  In »»*»« ,  I t  1* 
p o s s i b l e  t o  deduce th e  »ST» e q u a t i o n  w i th o u t  making eny 
aeaum pt lona  ee t o  th e  n a t u r e  o f  t h e  l i g h t  v e c t o r .  ( K e f . D

The *nve e q u a t i o n  mey be w r i t t e n  ne

y * a in  ( j  t  -  % )

where a r e p r e s e n t s  am p l i tude  
t  r e p r e s e n t s  t ime
u) end 5 a r e  o o n e t * n t e .

ih e n  two o r  more e e p e r n t e  d l a t u r b e n o e a  e r e  lu p rea ead  
upon an e lem en t  i n  a medium e l  u l t e n e o u e l y ,  t h ,  motion  etty
become r e r y  complex,  b u t  in  t h i s  c a s e  th e  p r i n c i p l e  o f  d i r e c t
s u p e r p o s i t i o n  m«y be ta k en  to  h o l d ,  s i n c e  e x p e r im e n t  "grows 
w i th  t h e o r y  based  on t h i s  -esumpt ion .  C o n s id e r i n g  two such 
ware t r  •ua a c t i n g  ap p ro x im a te ly  a lo n g  the  seme l i n e ,  w i th  

eq u e l  p e r i o d i c  t i m e s ,

yi « a^ ii in I .<> t  -   ̂)
yn -  a^ d in  ( h) t  - X g )

The r e s u l t a n t  d i s p l a c e m e n t  a t  t ime t  l a

y * ŷ  ♦ y?
-  a 1 S in  ( ti t  -  ♦ Sp in  ( U) t  -  ? 2 )

b l c h  becomes

y * a 81n i h) t  -  ^ )

h e re

a ;os $ * a 1 Cos *g Coa%g
a in  C -  Uin < "g I n jg

, . • • • I ?/
a o in  ♦ a U n  ,

Tan - J   --------- 2---------- £"
a 1 C o r   ̂ ♦ ag Cos '  g

Now maxima nnd minima depend on the a m p l i t u d e ,  which 

depends  upon th e  Coolne term
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where A In th^ wewelrn t h .

Cos ( | 1 -  g 2 ) -  Cos 2 l  ( *1 -  i p  )

"h ioh  l e  th e  phase d i f f e r e n c e  £  between th e  two d i s ­
t u r b a n c e s .

Then the marine  nd minima o c c u r  when & •  0 , 3n# 4^  . .  
e t c .  end •  n *  3rr» 5rr. •• r e s p e c t i v e l y .

Hence f o r  »  f l e l ! I l l u m i n a t e d  by two s i m l l e r  weve t r a i n s  
the  phase d i f f e r e n c e  v a r y in g  o ver  the  f i e l d ,  b r i g h t  and dark  
b»nde w i l l  a p p e a r ,  b e in g  l o c i  o f  en u n lA  . These a r e  known as 
I n t e r f e r e n c e  f r i n g e s .

i’he a m p l i t u d e  of  the d i s t u r b a n c e  d e t e r m i n e s  the  I n t e n ­
s i t y  of  I l l u m i n a t i o n  a t  a g iv e n  p o i n t ,  e lno»  th e  am p l i tude  
I s  I n v e r s e l y  p r o p o r t i o n a l  t o  the  d l e t m i o e  from t h e  sou rce  
and l n t  n e l t y  o f  i l l u m i n a t i o n  l e  I n v e r s e l y  p r o p o r t i o n a l  t o  
the  sounre  o f  th e  d i s t a n c e  from the  s o u r c e .

I  ■* n?

' h e r e  I d e n o t e s  the  I n t e n e l t  o f  I l l u m i n a t i o n .  
Hence from e u a t l o n  ( 2 )  f o r  e^ • a9

I  e< 1 ♦ Coe A . ( ? )

2 . t r l n g e  A n a ly s i s .

,2 , t  . q u a t lo b  o f  K ' ngeft In . pact

Cons ide r  two e x a c t l y  s i m i l a r  s o u rc e s  c l o s e  t o g e t h e r  
r  d l " t l r g  wave t r a i n s  of  enunl  w ave leng th  In a l l  d i r e c t i o n s .

hen f t  p o i n t  1 In space  th e  weve t r a i n s  « re  In n c o n d i t i o n  
to  I n t e r f e r e ,  f r i n g e s  a p p e a r in g  as  l o c i  o f  e n u a l  phnse 
d i f f e r e n c e .

wuppone th* ouorceo AA h  a r e  s d i s t a n c e  ? o  a p a r t ,  end
the phase d i f f e r e n c e  a t  I s  2m.

The " o c u t  o f  P I s  a h y p e r b o la ,  o f  e q u a t i o n

1
"

y ’2 (4 )

In t h r e e  d lm e n t lo n s  the  l o c i  w i l l  be h y p e r b o lo i d s  o f  
two r h e e t e ,  the  e q u a t i o n  be ing

I ) . ' s . *  T** -  m * ' ( o5 -

For e c o m p le te ly  g e n e r a l  cnee the  system need on ly  be 
r o t  ted  t  rough an ang le  w about  th e  /. «lno» r o t a t i o n
about the  a x l e  w i l l  not  a l t e r  c o n d i t i o n s .

The g e n e r a l  e q u a t i o n  o f  f r i n g e s  In sp-oe  then  1e

3 2  * By’ -  ?Hxy -  Os'1 -  D -  0 . . . ' ? )
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H o2 int- .Coee

♦i tie re

( e) 6
i lere B -

" .2  .ouetilon of  P r i n c e ,  on n o v

I f  » noreen l e  wOW p ie ced  on th e  X ex l e  a t  a d t a t e n o e  
d from the o r i g i n ,  p e r s l l e l  to  the X z. p i r n s ,  the  e n u n t lo n  
o f  f r i n g e s  o b e e r r e d  on the  moreen w i l l  be g iven  by the  I n t e r -  
p e n e t r n t l o n  o f  the s c r e e n  w i th  th e  h y p e r b o l o i d * .

Henoe g e t t i n g  x - d In  e q u a t io n  ( 5 ) .  the  e q u a t i o n  o f  
f r i n g e s  on a s o reen  become*

.jr - ?iiy - c.i

c - m
. do? SlnG.Coae F -  m5 ! o '  -  ■T1) -  ( e  Coe"'8

-  « ? )d2

h i e  l e  * sys tem o f  oon loe ,  d i s p l a c e d  from the  o r i g i n .  
P e i t l o u l a r  oaeee w i l l  now be examined .

■2 
m2

and e q u a t l o  ( 6 ) beeomee

y ♦ *

i  -  o
F * ( o '  -  * )(m- -  d? )

( o 2 -  m? ),l d ? .

This  l e  m f a m i ly  o f  o o - a x l a l  e i r o l e a .  o f  r a d i u s

. . ^ n z n r z z i  . . . .
o r  a p p r o x im a te ly .  I f  d »  m. o >> m

r 0 :  54

p u t t i n g  1m and f o r  a p a r t i c u l a r  f r i n g e  a  .  n A
where n l a  in  a r b i t r a r y  number,  the  r a d i u s  o f  a f r i n g e  l e

r f  * | $ A ............................................................................ ....

■ h ioh l a  the  same r e s u l t  o b t a i n e d  by app rox im ate  methods 
u s u a l l y  a p lo y e d . ( e f . ' 7)

( b) 6 - n

Here B t o  -  m )
C * m

o
F m? ( c "  -  m? ♦ d^)



iqumtlon  I f>) becomes

Z J .  e£_____
m.-’ { -  w?) ( o . . . ( 1 0 )

111# r e p r e s e n t s  « f a l l y  o f  c e n t r a l  b y ; e r b o l e s ,  t h e i r  
d i s t a n c e  a p a r t  on the T a x i s  b e ln  g iv e n  by

'  9 - f ^ '  *  p

Ageln.  nppros lran texy  i f  d , »  m. o »  »

o r  os b e f o r e .  In term* o f  v r v e l e n ^ t b  

n X i
:

‘
s

ElSateSs^^'i-u-^- .

-h loh  a g a i n  te  the  r e s u l t  o b t a i n e d  by approx im ate  
a n a l y s i s .

(  e) > 0 > 0

In t h i s  oese  the ty p  o f  ouree  th e  f r i n g e s  assume may 
be p r e d i c t e d  by sxamlnlng the  d i s c r i m i n a n t  of  e n u n t l n n  ( 6 ) .

*) n D 3
a ' ( m“ -  o S in  8 )

Case 1. D ta o lm ln -n t  p o s i t i v e

o r  Ine < 1 §
I  i  : ;■ B e

ihe curve ;  a re  e l l i p s e s ,  v l t h  t h e i r  c e n t r e s  d i s p l a c e d  
t o  one s id e  e lo n ,  t h e i r  m t jo r  a t i e .

Case 11. U lao r lm lnpn t  «e ro

o r  ■ In3 « t  §
The c u rv e s  *re{p r  b c l i e  a l s o  d i s p l a c e d  from t h e i r

c e n t r e

C"ae 111.  D i s c r i m i n a n t  n e g a t i v e

o r  Infi > i  "

The c u rv e s  a r e  h y p e r b o l a s ,  e l m l l  r l y  d i s p l a c e d  from 
th e  o r i g i n .

In  emeu c a s e ,  t h e  c e n t r e  o f  th e  system I s  d i s p l a c e d  
• 1 t st ' -noe (  . 1 -  n the  Y x l s .  ha re

I s  1 0 ' , - 0 * ................................................ (15)
m -  o? In G 

In  eooh C"se the  y I n t e r c e p t  w i l l  be

. d ? a )



»  •  •  »  ( 1 4 )

Or a p p r o x im a te ly ,  i i  d *  o.  e x- m

y : a „  n „
a .vlu o -  » J 

Hcace mt b in e  •  §  , o r  In t.he owe* o f  m pmrmbol*

from the  f o r e g o i n g  I t  onn be eewn t h a t  th*  *a«p* o f  
f r l n g e e  d e ; e n d e  upon the  r e l a t i v e  p o s i t i o n s  o f  the  eou roee  
A - ti w i th  r e e p e o t  to  the  e o re e n .  v e ry In *  from n s t r a i g h t  
l i n e  when e « 9 t * , th ro u g h  h y p e r b o l e s ,  pmreboln*.  end e l l i p s e s  
to  ol r o l e s  ot  b -  0‘, the s p a c in g  o f  the  f r i n g e s  depends  
opon the  r e l a t i v e  e r e l n  o f  the eou roee ,  nn.t t h e i r  A ls to n s  
frons hr  s o : s e n .

j .  r m c t l c n i  o n e l d e r e t l o n s  end v i s i b i l i t y

In  / r r i o t l c e  i t  i s  p o s s i b l e  to  produof i n t e r f e r e n c e  on ly  
by a r r a n g i n g  r e f l e c t i n g  s u r f a c e s  o r  l e r e e e  to  produce  two 
Images o f  he esme s u o r c e .  the  were t r e l l i s  p ro c e e d in g  from the se  
Imaigee then  b e in g  In « c o n d i t i o n  to  I n t e r f e r e .  Ihe use o f  such 
components w i l l  n a t u r a l l y  Impose m l i m i t  upoc the  f i e l d  of  
▼ l o r ,  s i n c e  they  a r e  l i m i t e d  in  e l s e ,  nd I t  w i n  be n e s s -  
ae ' - ry  be fo re  p ro c e e d in g  f u r t h e r  to  deve lop*  the  Id e a s  o f  
f i e l d  and a p e r t u r e  f o r  an I n t e r f e r o m e t e r ,  The concep t  I s  no t  
a s  s imple  ms In the  c ee o f  s l e n s  sywiem, s in c e  the i n t e r f e r -  
omet r  has  . s t r i c t l y  s p e a k in g ,  n e l t n e r  o b j e c t  o r  Image p l a n e ,  
bu ‘ the usun l  d e f i n i t i o n s  o f  a p e r t u r e  ^nd f i e l d  hnve been 
used nd a d a p t e d .  ( ,*e Kef.  4 f o r  umv 1 d e f i n i t i o n s . )

1 .1  n g u l a r  A r a r tu r "  » n ! f i e l d

I’he Imager o f  a l l  the  s t o p s  • nd dlcphrnma o f  th e  system 
a r e  p l o t t e d  In the  f r i n g e  a p ac e ,  whioh may he termed the  
Imige sp*co o f  the  I n t e r f e r e  e t e r .  ( e e  F l g . t ) .  There w i l l  In 
g e n e r a l  be one s to p  which s u b ten d s  the  s m a l l e s t  a n g le  0< 
a t  the  c e n t r e  o f  t h e  image p la n e ,  h i s  w i l l  be the  image o f  
the  c p e r t u r e  s to p  A*, and *  *• ' /  be c a l l e d  the n c u l r r  a p e r ­
t u r e  o f  vh e y s t e s .  The e p e r t u n  l i m i t s  the  a rea  o f  the  source  
i l l u m i n a t i n g  any one p o i n t  In t h e  image pi  ne.

In i d d l t l o n  t h e r e  w i l l  be a f u r t h e r  s t o p  which w i l l  sub­
tend  th e  em l i c e t  a n g l e J  a t  the c e n t r e  o f  the a p e r t u r e  a to p .
This w i l l  he th e  Image o f  the f t  e l  I s t o p  F*. • nd the a n g le  J  
may be termed the  *n , ;u la r  f i e l d  o f  t h r  I n t e r f e r o m a t e r .  The 
f i e l d  o b v io u s ly  d e t e r m in e s  ho p o r t i o n  o f  the f r i n g e  system 
which w i l l  be v i s i b l e .



1 ' 9 ,
An l a t e r e a t l n f i  u e e f u l  onae o c c u r s  when th e  eyetem 

i e  t e l e o e n t r t o .  TLle i e  tho  a y a t e n  u s u a l l y  employed f o r  the  
K e e h - ie h n d e r  I n t e r f e r o m e t e r .

I f  « l e n s  t«  I n t ro d u c e d  In t h e  image epnoe ,  a t  a 
d l e t n n c e  equnl  to  i t s  f o o d  l e n g t h  from th e  a p e r t u r e  a t o p ,  
t h e  j m»rte c f  he »)u e r t u r e  s to p  w i l l  be l o c a t e d  a t  I n f i n i t y .
( ea I p .  2) The a p e r t u r e  " to p  A su b ten d e  e smel l  f i n i t e  
a n g l e  6 n t  th e  f l r e t  noda l  p o i n t  o f  t h e  lenm sys tem L. By 
t h e  p r o p e r t y  o f  n o d d  p o i n t s  ( H e f .2 )  t h e  Image e f  a .  I . e .  A 
must sub tend  t h i s  e>«rae mngle a t  the  o t h e r  i t v l e l  " o l n t  S ' .
• i lnae  A’ I s  u t  I n f i n i t y  however.  I t  w i l l  sub tend  th e  same 
,n K le  8 a t  any o t h e r  p o i n t  o f  t h e  sys tem.  h e r . ; ;  a t  t h k  
c e n t r e  of  the  1m «e p la n e  1’. Thus by d e f l n V  ou.  th e  a n g u l a r  
a p e r t u r e  X o f  the  system w i l l  be e u n i  t o  r n g l e  8 , the  ang le  
sub tended  by th e  a p e r t u r e  s to p  a t  the  node p o i n t  o f  th e
l e n s  system u .

d lnoe  a ' now l i e s  a t  I n f l n l * / .  ;he ang le  sub tended  by
th e  f i e l d  s t o p  a t  the  c e n t r e  o f  A w i l l  be s e r o ,  and th u s  the  
a n g u l a r  f i e l d  > - 0 , al thougli  o f  c o u r s e  t h e  a c t u a l  s i z e  o f  the  
f i e l d  w i l l  by no mm^ns be z e r o . I h i e  i m p l i e s  t h a t  th e  p o r t i o n  
o f  th e  f i e l d  *fl f r i n g e s  in  view w i l l  be i n f l " l t e l y  a r . e l l ,  bu t  
s i n c e  f r i n g e s  can be made a s  c l o s e  t o g e t h e r  a s  d e n i re d  bv 
a l t e r i n g  t h e  s p ac in g  o f  the s o u r c e s ,  t h e  f r i n g e s  o ve r  t h i s  
p o r t i o n  o f  t h e  f i e l d  may be t a k en  to  be s t r a i g h t  l i n e s .  This  
I s  v e ry  u s e f u l  w herever  s t r a i g h t  f r i n g e s  a re  d e s i r e d .

3 .3  e f f e c t  o f  A r e r t u r c  9ft v i s M l l j z .

In p r a c t i c e ,  s o u r c e s  a r e  a lways  o f  f i n i t e  a p e r t u r e ,  and 
can be c o n s id e r e d  as  many p o i n t  s o u r c e s  s id e  by s i d e .  :>oh 
p o i n t  sou rce  p a i r  w i l l  In g e n e r a l  produce  I t s  own ays to:.' o f  
f r i n g e s  which w i l l  n o t  g e n e r a l l y  c o i n c i d e  w i th  t h e  sys tems  
produced by any o t h e r  source  p a i r s .  T h l r may cause  the  f r i n g e s  
t o  o v e r l a p  and be joice b l u r r e d  o r  eveo n l i b e r a t e d ,  and p o s s ­
i b l y  d i s t o r t e d ,  and i t  i s  n e s s e s a r y  t o  e s t a b l i s h  c o n d i t i o n s  
u n d e r  which f r l n g e n  may hr  o b s e rv e d .

V l a l u l l l t y  w i l l  be d e f in e d  In ‘he name manner as  by 

■ ie h e l e o n  ( R e f . 3)

T -    (17)
^mex. * *mln.

with  f i n i t e  a p e r t u r e  i l l u m i n a t i o n  w i l l  no l o n g e r  be 
e i t h e r  maximum o r  a minimum, b u t  some i n t e r m e d i a t e  v a l u e .  
iSach p a i r  o f  r a y s  w i l l  In g e n e r a l  have I t s  own phase r e t a r -
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Krom e ^ u n t l o n  (5 5 .  f o r  e*oh p o i n t  eouroe

I « '’e*'  ̂ ( 1 <• Coe <!, ) ,d

I n t i ^ r  clni^ o ve r  the  whole e o u r t e , the  I n t e n s i t y  wt 
p o i n t  P l e  g iv e n  by

A+d

wher 7  l r t o ivixi? u- Inorement o f  A  o ve r  th e  eou roe .

I  « ? « /  (2  2 + 2  o l n o  Coe & )

: o r  1 m m zlmum A " 0 . 2 IT . . . e t o .

Imex " ( ♦ eln h I H
Por I * minimum. & " "r » S>7f . . . e t o .

S u b s t i t u t i n g  th e e e  v n lu e e  In e r u p t i o n  ( 1?)

V -

whloh 1 s the  seme r e s u l t  o b t a i n e d  by '»1 ohe leon  f o r  h i e
I n t e r f e r o m e t e r  by o t h e r  meene.  ( R e f .5 )  I t  may be noted  t h a t
e o u n t l c n  ( IS )  l a  n u l t e  g e n e r a l ,  no aeeumptlone  hav ing  be 
made me to  th e  mo ana err. ployed to  produce I n t e r f e r e n c e .  In 
o r d e r  to  o b t« l n  the  v i s i b i l i t y  f o r  a g iv e n  met o f  c o n d i t i o n s
I t  1e only  n e e e e e a r y  to  f in d  th e  maximum p th  l e n g t h  d l f f
e r e n o e  end e u b e t l t u t e  t h l e  in  e - u a t !on ( 18 ) .

5 .4  i o e l t l o n  o f  learnt C onfus ion .

.xamlnlng e q u a t i o n  ( 16) above ,  the  l i m i t  o f  /  on 
app ro ac h es  z e ro  l a  u n i t y ,  bo t h a t  V i s i b i l i t y  l e  g r e w t c I t  
when * le  l e a s t .  I t  i s  u n e fu l  to  see what t h l e  Im p l lea

Consider  two ex tended  so u ro ee  ( ^ l g .  5 ) I l l u m i n a t i n g  
a p o i n t  P on th e  o c re e n .  wince the  s o u r c e s  ar< Images of  the
snrae o b j e c t . c boo s i r  ; n r e f e r e n c e  p o in t  In A. w i l l  f i x  a
o o r r e s p o n d ln  p o i n t  in  ti. Im l lm r ly  a p o i n t  C in on« w i l l  
have a c o r r e s p o n d in g  p o i n t  D In the  o t h e r .  I f  A end C a re  
a d i s t a n c e  b n p e r t .  ’■nd th e  l i s t e n e r s  o f  A and P from 1
e r e  dq and d-i r e s p e c t i v e l y ,

m (PC «• ID) -  ( d ̂  

o r  r e a r r a n g i n g .

y « ( r C -  d1 ) •  ( PI

Aseumln no™ t h a t  sou rce  A i s  f i x e d ,  bu t  t h a t  s o u r - e
H can be t i l t e d ,  the f i r s t  tarm o f  e q u a t i o n  ( 1 9 ) remains 
c o n s t a n t ,  w h i le  the second dependk only  on the i n c l i n a t i o n
o f  L, and e Ti le-  ys be made ecu 1 to  i t  by s u i t a b l y  r o t -
i t l n  H about  1m in I t r  x n e . f o r  one p r t l c u l r
j o n l t i o n  o f  d nd D.

-  d2?

\
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Under euoh o o n l i t t o n e .  ^ w i l l  not  in *ner«:.  j e ro  f o r  
any o t h e r  ro:  l i  ton o f  C »?nd D, but  i t  oen be >en t b n t  t h e r e  
w i l l  be eome I / . i l l  n a t i o n  o f  b w i th  r c a p e o t  to  A ouoh t h a t  

111 be 4 minimum f o r  e l l  p o l r t e  in  th e  a o u ro e .  T h le  poe- 
i t i o n  w i l l  » lv»  the h e a t  v i s i b i l i t y  o f  f r t a w o e  a t  P. end the 
Hyato-’i ney tnen  be r e g a r d -’d n? ' e ln/ ;  In fo o u e .  r t  l a  i n t e r ­
e s t i n g  t o  n o te  th«-t enoh p o i n t  P w i l l  have - c o n d i t i o n  of  
fooue whiori l a  n o t  n e e e e a n r t l y  the  earns as t h a t  f o r  any 
o t h e r  p o i n t  / ’ hay,  e"d the  fooue w i l l  r  d u e l l v  d e t e r i o r ­
a t e  " 1t h  d i s t a n c e  f r o ?  the  c e n t r e  of  the aereenL.  i

ihe oxco t  mathe.-ra, t o a l  t r e a t m e n t  of  the c o n d i t i o n s  
f  fooue t v a ry  complex,  end of  l i t t l e  v a l u e ,  s i n c e  foo -  

u e s i n g  1» u s u a l l y  moat c o n v e n i e n t l y  c a r r i e d  ou t  by o b s e r ­
ving the  f r i n g e s  at the  In s t ru m en t  I s  a d j u s t e d .

b l a s e  i t  i s  d e o l r a b l e  in  p r a c t i c e  to  use am l a r g e  a 
aource  as  p o s s i b l e ,  i t  i s  u s e f u l  t o  examine the  e f f e c t  of  
source  s i z e  upon v i s i b i l i t y .

* f e r r ! r  • a g a in  to  l r .  3 ,  we hove by the  geomet ry  of  
t h e  f i g u r e

p o ?
C •  d-i *• b" ♦ 5d-i b Coe -p'

PD? •
From e q u a t io n  ( 1 9 ) we g e t  

P

p 3
♦ br r Joe I

? " ( d i  + h +?b l l C o e » “ -  (dp^  + b^ + ? b d ,  0M#)& - ( d ,  - d .u1 
(?6) 

from
am—

P 111
Thus

ihe te rms d 1 . d p , ^  , nd # can g e n e r a l l y  t> 
t h e  geometry o f  t h e  p a r t i c u l a r  i n t e r f e r o m e t e f  
I n a t l o n .  Inoe the  s o u r c e s  may be e o n s l d e r e a  
be the g r e a t e s t  d i a m e te r  o f  the  s ou rce  f o r  E  
?  may be e v a l u r t e d  f o r  t y p i c a l  c o n d i t i o n s  *nu s u b s t i t u t e d  

i n  ec i ia t io n  (^8)  to  o b t a i n  the v i s i b i l i t y .

Jheck in  o u r  e a s e ,  the  s ou rce  im* -e d i s t a n c e  i s  hjem. 
o r  an o r d e r  o f  i n t e r f e r e n c e  of  ?00

45 43*0115? 5760 A

j
a t  . -  I m 38°

Then f o r  n sou rce  s i r e  of  5 cm..  v l e  found to  be 
-  0 *000,100 

s u b s t i t u t i n g  t h i s  in  actuat ion  ( 18)

V -  0*010.0990
0 * 0 0 0 . 1 0 0 0

I f  > « i , but  V »88*5r 
f o r e g o i n g  c o n d i t i o n s .

-  99"8  ,

1  -  o . z e ' . ^ s o

v - UL^J,3614
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88 , w i th  the  eome



V « 90-6  a

T h l •  in  * i m l l » r  to  the  r e s u l t  o b t a i n e d  by en n e t  
( H ef . 1 2 ) ,  who examined rb Iden ll amd r a c t '  n ^ u ln r  moh-/#b- 
n d t r  I n t e r f e r o m e t e r ,  un d e r  e p e e l e i  c o n d i t i o n s .

i'rom th e s e  r e s u l t s  I t  l e  e v i d e n t  t h e t  f o r  m o o r r e o t l y  
f o c u s s e d  I n t f  r f e r o m o t s r  n source  o f  5c®. o r  l e r q e r  could 
be e ra j loyed .  The l i m i t  I s  u a u u l l y  met by th e  a c c u ra c y  with  
which fooueel  o«n bo o f r i e d  o u t .

1 f  'n  ::on-; o' .o^onooun l ; ;h t

4^1 ffSQt o f  ; r o r d e n l u x  of  the  p e o t r n l  ; and

In  p r a c t i c e  no source  emit  a r - d l e t l o n e  o f  n s i n g l e  
w a v e le n g th ,  end In o r d e r  to  a l lo w  ms much ll«<ht ea p o s s i b l e  
t o  e n t e r  the 1n t e r f e r o r e t e r ,  1 i I s  d e a l v n b i e  to  
b r i r d  fj a p e o t r  L bend s j e r ' - I s s n b l e .  I t  w i l l  t h e r e f o r e  he 
r.e see ee ry  to  I n v e m t i r n t e  the  e f f e c t  >f bromdenln# o f  the  
e p e o t r  i bond upon toe  v i s i b i l i t y  end f r i n g e  epnolng .

The wid th  o f  f r i n g e s  depends  upon w avelength  , e q u a t io n  
1 2 s ) ,  ihun I f  « whole s e r i e s  of  r n d l a t l o n m  o f  d i f f e r e n t  
wmvelenpthr a r e  n r e s e n t ,  sach  w i l l  , r educe  i t s  own system 
o f  f r i n g e s ,  d i f f e r i n g  In f r i n g e  w id th  from the  o t h e r  sy s tem s .

r l n g e e  w i l l  o v e r l a p  and becctme b l u  red  , and u n l e s s  the  
range  li  s m a l l . the f r i n g e s  may e o c : e o b l i t e r a t e d .

fL tl..y i-e .l.b lllty  in  on-Koaogenoous  ^ l & h t ,

Cons ider  two hoi ogeneou" be^me super imposed  on one 
a n o t h e r ,  w ith  t h e  samn^'- 'velength.  hu t  w i th  a c o n s t a n t  ph*ee 
r e t a r d a t i o n  between their .

by e q u a t io n  ( ? ) ,  the  r e s u l t a n t  I n t e n s i t y  I s

1 -  ’i 1 (1 ♦ "osA)

1

j f l

I f  now th e  benme a r e  composed o f  a mer les  o f  wave­
l e n g t h s .  the  ene rgy  d l n t r l b u t l o n  o f  the spec t rum be ing  
d e te rm in e d  by f(X ) ,  then  the  r e s u l t  n t  I n t e n s i t y  w i l l  be 
t h e  summation o f  I n t e n s i t i e s  due to  e> oh w ave leng th .

X,
I " ; f(X) ( i  v cos A) d X ..................................( 21)

f o l l o w i n g  roughly  a method u-ed  by i.elislson In d e s ­
c r i b i n g  h i s  i n t e r f e r o m e t e r  ( Hef. 1 A ? ) we proceed *m 
f o l l o w s .

ihe phaoe r e t n r d r t l o n  v a r i e s  w1t h  » ' v « l e n g th  ac c o rd in g

&  * - ^ L  2m

I f  we w r i t e  X » > ,♦  A
h e re  A l e  an inc rem en t  in  A



'

* J
- «

,

12

o r  >  •  Xp(1 ♦ )

» 1

Then wr miy w r i t e

I - i f(A) ; 1 1 i 1 + J* A.

A ,  i  I
i ' t lb  lntm%rnL fnnnot he eo»ved me I t  etRnfln,  hu t  

- , y  be nnpr-ixtmated t o  by Vmylore ex pen# Ion .  

f i l i n g
( i  * j A (1 -  *.) ♦ . . . . .

At

mnd n e g l e c t i n g  h i g h e r  power* o f  ^  , we hnve

expending

a A . ( 2 2 )

I :  f f(A)aA
A,

♦ Cob -̂ I~ 5 | f (A )  Cool
- " A ,

A)aA

♦ e m  j f(A) i U n ( ^ l A ) a A
A,

2n - l )X,

(23)

(?* )

how f o r  1 a minimum 2m • ;  X,« 3 /2  Xc • • •  (

I  I S  # i  i l l  iAnd f o r  I  e m- rlmum 2m -  0 ,  X  n X c

i  A i  E l  | T  l _  A & .  W  l
l ra<> :  f(A) r 1 ♦ uoe 2n t r ^  a A  •

A i
If f( ':) l e  known, t h e  I n t e ^ m l *  -^bowe -nmy he mvmlumted 

nnd e u t e t l t u t e a  Vrto e u e t tn n  (17) t o  o h tn ln  th e  w l . M M l i t y ,

^ p r o x i m a t e  Infilc p e o ^ r ^ —■ 1 !

Althuogh the  spect rum 1 ln.ee o f  most gee d la eh ' r , : ’,ee 
more rem d l ly  reee . tBle  the h , w # # l ,n  I n t e n s i t y  f u n c t i o n .  I t  
1-  o f t e n  u s e f u l  to  roughly  check T l s l b l l l t y  by . seum lng  the  
l i n o  to  be ot m enu„re  s h .p e  with  on e b n . p t  drop  of  I n t e n ­

s i t y  on e i t h e r  s i d e ,
In th l f l  o "ce f( A) •  ?c 
end jX » ^ e
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1

ne
‘ /  T r t

I f  th e  s p e c t r a l  h a l f  l i n e  w id th  I s  J" e q u a t i o n s  (?3 )  
mod (24)  become

* 1
?- f f ,  . _ Amax -  ?.nr' f ‘ 1 ♦ Jo a w y  ' <* A

- f

-  4a ' ( J  * it,a u  -n* f „ }

""mln
2 I X  J  I» 2n J . 1 -  Cob( 2n-1 )ir —  , .4/ \

y

4m^ jf -   A*.----  3!n( 2n -1 )1 Y ~ ~  >
\ ( 2n -1 )ir 1( 2 n - l )

V i s i b i l i t y  th e n  l e  g iv e n  by

n -  „ j .  L 1
V -  2nnf Sln?nn V t 2 n - i  )r - i l P l ? n - 1J Tf  —  . . (25)

"■ ' Sln?mr-<2- -  rw Sln( 2n~1 ' •v + 2
2nV X, ( ? n - i  )n f* X»

I f  n l e  v e r y  l a r g e  ( 2 n - i ) • ?n and th e  exprem elon  
e l m p l l f l e a  to

T—- uln (  2 m / • )  
- 2 nlt---------------

/
x„

n r e p r e s e n t s  th e  nuTiber of  phase r e t a r d a t i o n s  and 
c o r r e s p o n d s  to  th e  number o f  f r i n g e s  counted from the  f r i n g e  
produced  by ze ro  phase d i f f e r e n c e  I . e .  the  c e n t r a l  f r i n g e .  
( T h i s  lm r j  so c e l l e d  the  t e r u  f r i n g e  by some wutbors)

V i s i b i l i t y  v s r l e s  I n v e r r e l y  r l t h  "he f r i n "  number, 
d e c r e a s i n g  es  n I n c r e a s e s ,  end t h u s  the v i s i b i l i t y  of  the  
f r i n g e s  d lm ln le h e c  f o r  f r i n g e s  f u r t h e r  from th e  c e n t r a l  
f . t n g e .  ' n ly  a l i m i t e d  number of f r i n g e s  w i l l  be d i s t i n g ­
u i s h a b l e .  (i he v l e i »H  t ty ( h * l ee  4e p>-wdawt f>*

e - r e v t v & t o .

uppos ln  t h a t  the  r e q u i r e d  number o f  f r i n g e s  I f  4 0 0 ,

I . e .  n - 200. Xf * 5760 % and the  l i n e  h a l f  width



then  froru * u e t i o n  ( ?50 th»  V i s i b i l i t y  1b found to  be 
0 #« 8 ? ,  which I s  j u s t  about  the  minimum to  g lv a  H 

s u f f i c i e n t  o o n t r n a t  f o r  pho tog raphy .

-aua.»1nn, i n t o n . j l t y  u n i o n  Line

h l l e  spec trum l i n e s  o-  <Ji«oh*r«ee u n d e r  c o n d i t ­
i o n s  o f  h i a  t e m p e r a t u r e  end p r e s s u r e  e r e  known to  have 

- n v e lo p e e  d i f f e r i n g  somewhat from t h e  Ceuaelem I n t e n s i t y  
f u n c t i o n ,  t h i s  f u n c t i o n  w i l l  none th e  l e e s  g iv e  a s u f f l o -  
t e n t l y  a c c u r a t e  p i c t u r e  o f  l i n e s  g e n e r a l l y  met w i th  In Gee  
d i s c h a r g e  tu b e s  employed f o r  int»»*eremetrle work.

In t h i s  case  f(A) . . - A '

i t  w i l l  be c o n s i d e r a b l y  s i m p l e r  t o  I n t e g r a t e  e q u a t io n  
( d i r e c t l y .

•e have

.  oC
1 > Cos ~ Ir ( 1 . 4 .A. ) 1 d A

he c o n s t a n t  k i s  u e m d l y  v e ry  l a r g e  and t h e r e f o r e  
lha  e r r o r  I n t ro d u c e d  by w r i t i n g  the  l o w e r  l i m i t  o f  A  ee 

In s tead  o f  -  A,, w i l l  be ex t re m e ly  umall when i t  I s
ooneldarefi  *ha t  X, i s  o f  the  o r d e r  o f  5 0 0 0 . 

y >1 roe  I n t e g r a l  Ho. 4U2

I j os M j r  ,

* - r  { i  ♦ .  - . M t e  } .  , . _

'hen f o r  I a minimum .  & % . g /2  x . . .  ( 2 g z l )  A

- “

(27)

I mln w

■ind f o r  I a »ax i

vex
r t £ f
T  ( 1 t  •

mum - 0 . A, . . .  n A,

S u b s t i t u t i n g  t h e s e  v a l u e s  i n t o  the  V i s i b i l i t y  e c u a t l
( 18 ) we ge t



I r n 1m v e ry  t h l  r p p r o x l ' n i t e l y  redurew t o

. j d i L
7 - x ? F " (29)

Uetn-., the  same vo luee  me f o r  he p r e v i o u s  example .
V -  0*765 which l e  o o n e i d * ra b ly  b e t t e r  then  th e  v e l u e  
o b t a i n e d  b e f o r e .

i iennet  ( Ref .  I '1) ue ln t ;  a d i f f e r e n t  d e f i n i t i o n  c f  
v i s i b i l i t y  o b t a i n e d  n e l m l l r r  r e e u l t  f o r  th e  p n r l t c u l e r  
oeae of  an I d e a l i s e d  moh-Zehnder I n t e r f e r o m e t e r .  Tt may 
b» noted t h a t  th e  ebove t r e a t m e n t  r e f iu l r e e  no e p e o l f l o  
o o n d l t t o n e  f o r  produo . 1 -t o r f e r e n o e ,  " nd equation*) (26)
end ( ?9) oar  be a p p l i e d  d i r e c t l y  t o  any I n t e r f e r o m e t e r .

h . r r r o r  In  ir l rL^c D&clSA_Au2_la_labamc

To o b t a i n  an e x p r e e e lo n  f o r  r i s i b i l i t y  1: th e  p rev io u s  
s e c t i o n  I t  wee raaumed t b « t  mrxlmr end minim* o f  1n t e n e l ty  
e p p c e r -d  where ''m 2 n /  end ( n-^ )> r e s p e c t i v e l y .  Thle  l a
n o t  o t r l o t l y  ecour  to  e m o e  the  frW rfea  due to  the  w r l o u #  
woveleng the  a r e  no t  e v e n ly  rnnnred on e i t h e r  a ide  o f  th ose  
due t o  the  ms'-n w a v e le n g th ,  thoB* due to  the  maximum wave­
l e n g t h  b e l n r  f u r t h e r  f r o r  th e  mean th»n those  due t o  tUe 
minimum w a v e le n g th . ihue the  p o s i t i o n  of the  f r i n g e  l a  d i s ­
p la c e d  s l i g h t l y  tow ards  t lv end due to  the  hi h e r  • ' v e l e n g t h .  
vuoh a d i s p l a c e m e n t  would d i s t u r b  the  even eipeolng o f  the  
f r i n g e s  and may i e / d  to  e r r o r  In e v r . l u r t l o n  where d i s p l a c e ­
ments o f  s t r a i g h t  f r l n . e t  must be measured ,  he e r r o r  Ofa 
be e v a l u a t e d  by tnt< : r , t i n g  enu t l o n  (27) w i th  r e s p e c t  t o  y .

For n maximum o r  minimum 4 y  • 0

f b l e  I m p l i e s  t h n t  l* n from e n u e t lo n  
(27)

r l t l n g  

■<• 2

then

end *

3T an x  •  -
!h i s  can br e v ^ lu  ted  p ro v ld i n .  t h a t  

neeumlng V. » nTf -  '  where 6 I s  smal l  
lienee

l a  s n a i l  by



,

.

o r  £ - T

»o«l <x * n tr(  ■ ■)

1
t i u b e t l t u t i n g  f o r  x and p  we o b t a i n

T - k T & l
3m

f
2 I 1 + 4 X^SP

- u b n t l t u t l n f t  f o r  nr fror" ecu- t l o n  ( “’?)  we o b t a i n  

S1 A» r * '

where on ly  -sf.xlma and tnlir-e a r e  o o n e l d e r e d .
I’M  a v a l u e  of  y Q l a  g r e a t e r  than  e q u a t i o n  ( 1 2 ) by a 

f a c t o r  f  where

/
* x . V

T T t T T T

C o n s id e r in g  the l i n e  X , - 5760 A and o f  h a l f  wid th  
a t  h a l f  I n t e n s i t y A g  * 4 "

. 2  l o g ,  2

4 1  l o g r 2

which on e v a l u a t i o n  becomes

/ ZU22**fi8.9
7 1 ,796 .813

The e r r o r  l a  e n t i r e l y  n e g l i g i b l e ,  end I t  may be oon- 
uded t h a t  no e r r o r  w i l l  be In t ro d u ce d  I n t o  e v a l u a t i o n  

of  I n t e r f a r o  re ic due to  e non-bo;noweneoua s o u r c e .
This >t<etn t i l  l e e  w ith  the  c o n c l u s i o n #  o f  en n e t  {

1 1 )

<*.6 h l t e  y i g h t  < r l n ^ g a

I f  fbecom e» l a r  e th e  * rroxlih t l o n s  used In the 
f o r e g o i n g  ere no l o n g e r  v a l i d .  However I t  l e  obv ious  rh « t  
V i s i b i l i t y  w i l l  drop o f f  v e ry  r a p i d l y  a f t e r  on ly  - few o rde r ,  
o f  n .  on*y about  10 f r i n g e s  be ing  observed  In p r a c t i c e .  Th is  
1 very  u s e f u l  in  s e t t i n g  up end w i l l  be r e f e r r e d  to  aga in  
l a t o r .



v i tn  ■-

Comrider » d o u b le t ,  w i th  predominant  vrve lenRth* 

X, Xt  » fi ‘ v l ! h« ^ X, uni  ^ % "r .e r ry

*? * c r  t h * r e l a t i v e  e r a r p y  o f  the  on* to  rh* o t h e r

j  0
Then

^mln, = ti C i 1 -  jrrr, y ff IhC -  ? ) n l 1]

c  ̂ i  -  z ^ r  81ntini' , i 1

T  C t p ■*

The v l w l V l l l t y  then  l r  Riven by

r r

1l= h t .

(*n -  ? ) n
InC'n .  2jrr j' ?]

‘i l n ^ n  n t  ]

i fi I 1 ^  ' *n ti I .

^ n n t  -  f t , ]  

In  g e n e r a l ,  fo r  r  l i n e *

i  "

7 1 Sin *»« i  j n

^ T 7 - T T 7 ,
*- 1  1

The e o l u t l o n  e p n l l e e  on ly  In the  r l e n e  o f  l e e e t  

eon fue ton or  f o r  two pe r  f e e t  m i n t  enure** .  ?nr *n 

•vtonded  eouroe,  the above va lue  n u e t  he m u l t i p l i e d  

by t h a t  found \> e a t l o n  i . f .

The r * n e r » l  e o l u t l o n  1* m F o u r ie r  « » r l e e ,  «s 

w i th  e e r t e l n  e p e e t r a  may * lvo r i t e  t e  prour*  o f  f r l n e e e  

w i th  h i t h e r  v l e l M l l t y  then  th » l^  ne ighbour* .  Thle 

rheltorenen l« ohf erved with ur f i l t e r *  rou ry  vo o«r

‘

__
__

_



M a c A - . e L a j a r  I n t e r f e r o m e t e r  i . U a o i

1.  Chnr-’o t e r l o t  U a  o r the I n t e r f e r o m e t e r

/ I t h u v r,h " number o f  i n t e r f e r o m e t e r s  bnve been u t t l -  
I t e d  f o r  6enmity  e r m l u n t i o r ,  the  one due t o  zehnder  end 
L.  eeh 1 e by f n r  t h e  most e u l t e b l e  f o r  w.lnd t unne l  e p p l l -  
o » t l o n e  ee I t  e l l o * 3  s im u l t a n e o u s  d e n s i t y  measurement o ve r  
t h e  v ho le  f l  I d .  * 1th o u t  t r n y e r s l n r  th e  t e s t  s e c t i o n  t wl oe ,  
which would I n t r o d u c e  1 r^e r e f r a c t i o n  e r r o r s .  11 t he  t h e o r y  
o f  t h e  foro&olnR chwpte r  a p p l l e «  d i r e c t l y  to  the  oh-Zehnder  
i n t e r f e r o m e t e r .  *nd *111 bnre be e x t e n d s  t o  d e e o r l h  e t h e  
p r c t i o a l  o p e r e t l o n  o f  the  I n s t r u m e n t .

1.1 D e s c r i p t i o n  o f  the  l am en ts ,

The l a y o u t  o f  the  o p t i c s !  t ,ystn» In  shown in  ' I g . * .
O I p the  Ll#;ht s o u rc e ,  f i l t e r e d  to  o b t a i n  monochrometlc 
11 h t .  L1 I s  t h e  c o l l I n r n to r  l e n s  u e u n l l y  In t ro d u c e d  to  
produce  # t e l e o e n t r ’ c sys tem .  0 I s  th e  o b j e c t  p lena ,  o r  
the  p o s i t i o n  o f  th*  wind t u n n e l ,  end e r r v e a  to  fo c u s  
t h e  o b j e c t  p l e n s  end thf  f r i n g e s ,  which e r e  l o c a l i s e d  in  
the  o b j e c t  p lene  onto  the  s c r e e n  o r  p h o to g r a p h i c  p i s t e  P.
The I n t e r f e r o m e t e r  i t s e l f  c o n s i s t s  o f  * m i r r o r s ,  a r r a n g e d  
f t  the  c o r n e r s  o f  * r e c t ^ n t t l e ,  we ehowu. • 1 ypore 1 and ? 
e re  on ly  l i g h t l y  s i l v e r e d  to  p e r t l y  r e f l e c t  end p- r t l y  
t r o n e n . l t  l i g h t ,  end c t  - i^beor .  s p l i t t e r s ’’ . V l r r o r r  5 and 
n mre f i r r t  s u r f a c e  m i r r o r  . he 11zh t  e n t e r i n g  the  Ini  r -  
f e r o m c te r  i s  s p i l t  i n t o  two beams a t  "1r r o r  1. r ecom bin ing  
o t  m i r r o r  2 .  t h o s e  tvo  beam: ore In « c o n d i t i o n  to  I n t e r ­
f e r e  p roduc ing  f r i n g e r  * t  r .  ihe I n t e r f e r o m e t e r  l e  In e f f e c t  
an ex tended  form of  the  J n r l n  r e f r a e t o m e t s r  w i th  th e  two 
beams s e p a r a t e d  f u r t h e r ,  t ime g i v i n g  o much l a r g e r  f i e l d  
o f  v iew,  the f o u r  m l r r o r r  or.a be 111 t«d xbout  h o r l x o n t  1 
m d  v e r t i c a l  axes  -nd m i r r o r s  J end S may be t r a v e r s e d  
a long  th e  p' . th o f  the  llif. ' it  be^ms.

1 .3  . .ln««'r I n t e r imron,. t e r  u c io a y

In the  tl.sor-et le? 1 epproaoh of  the  l e s t  c h a p t e r  the  
I n t e r a c t i o n  o f  VWV9 t r a i n s  f r t #  two c o h e re n t  s o u r c e s  vnti 
( J s e o r l t e d .  In orde  to  e .ply t h i s  to  th e  oh- ehnde r
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I n s t r u m e n t  i t  l e  o n ly  ne-eeehry t o  t r * o e  b*ok the roya through
the i n t e r f e r o m e t e r  r-nfl Loca te  the  virtual  Imigea of the .... ' '-̂ y-

'

eou roe .  'lit# i-.ioie vnbtrumont #«•> then  r»e r e  pi* eed by vhe 
aonlo  y of thee*’ r ouroe !•»' %e*. I f  we oonei  !» r  the  ml-.‘r  i r e  
me! u l g h t l y  tilted. I . e .  no Ion  s v p rf l l e l  t o  "n lr rora

7 m d  '« . ?nd th e n  t r a c e  b c t  t ’.-t t  ye ae  shown in f i g . 5 
t h e  poaltlona of the rouroe imago# S* i n i  3" duo to t h e  two 
hwjjma oen «■ aelly bo eat^bllehed by s imple  g e o m e t r i c  oon- 
Btderetlone. In moat e p p l t o  tlona i t  1e no t  n eem m ary  to  
de t e rm in e  t h e  ex."?* l o c a t i o n *  o f  i ’ and s"*  but  o n ly  to  
▼iaunl lee t h e i r  r e l a t i v e  p o s i t i o n s .  I f  t h e  e f f e c t  o f  the
c o r t r o l R  o f  the  v a r i o u s  m l r r o r e  on th e  p o s i t i o n #  o f  the
uouroe in r e e  I s  :<no n.  then  i t  i s  p o s s i b l e  to  r e p l a c e  the 
i n t e r f e r o m e t  er hy I t e  an a lo g y  in  o r d i r  to  u n d e r s tn n d  the
e d i u e t l n  : t e c h n i q u e .

-TT o q X. o f  t l . r  . nn t ro J .n .

I t  er.n he seen  ( i 1 g . r ) t h a t  m i r r o r s  1 ■ nd 7 e f f e c t  
th e  p o s i t i o n  of  the  uouroe in e l ’ f  m d  t h a t  m i r r o r s  ? and 
h f f e e t  the  p o s i t i o n  of  tho  sourr -  ircoge . . . h e re  *>re t h r e e  
p o s n ih l f  a d j u s t m e n t s  to  the  m i r r o r s ,  each  o f  which w i l l  now

x ,

be c o n s i d e r e d .

(1 )  N o ta t i o n  about  a V e r t i c a l  x i a .
i f  i m i r r o r  I s  : uV t t rd  " l o u t  i t s  v e r t i c a l  e x l s ,  

the  r e s p e c t i v e  source  ’ f .,r vU J  -1 mo he r o t a t e d  about  th '
enme e x i t  in  n o r l z o n t e l  p le n a ,  b u t  th rough  tw ice  the  e n ^ l a .  
In  th e  098# of  m i r r o r #  1 »nd 4 the  source  i n s  -e w i l l  r o t a t e  
about  the  imrge o f  the mi»*ror *xe# in  m i r r o r s  * end ?  r e s ­
p e c t i v e l y .  Vhe n e t t  e f f e c t  i n  n h o r i z o n t a l  r.l ey l . ioement .  
combined w i th  s l i g h t  t i l t i n g  o f  the imnge p i  me nbout e 
v e r t l e s l  a x i s .

(11)  R o t a t i o n  i b o u t  s H o r i z o n t a l v i e .

I f  r i r r o r  i s  t  1  ted "bou t  i t s  h o r i z o n t  a  a ! # .

t h e  r e s p e c t i v e  soure- imn^s r i l l  o l e o  r o t a t e  about  this *xls
l o r  i t e  image.  #e b o v e ) .  In  t h i n  c »e,  s i n c e  the  m i r r o r s  
e re  a l l  ■'fied r t  4|5° to  th e  o p t i c  1 a x l e ,  the n e t t  e f f e c t  on 
the  source  i r " g e  w i l l  be '  v e r t i c a l  movement, combined with 
« # 1 1 ' h t  t i l t i n g  o f  ' h e  im ye p lane  bout  th e  " I r r o r  a x l e .
* smel l  l i o r l z o n t n l  movi nen t  «n i ve ry  sm'-fcl t i l t  bout  a 
v e r t i c a l  x t e  w i l l  a l s o  b e  p r e s e n t .

( i l l )  i t r r o r  f r e v e r s e

I f  m i r r o r s  * o r  * e re  t r  ve rsed  w i th o u t  r o t a t i o n
the  r e s p e c t i v e  s o u rc e  imm^’# w i l l  move in  i l i n e  normal to



t h e  cnlrrort t I . e .  t ‘*5° to  the  o p t i c r l  e x l a .  remelnln% p« r -
e l l e l  to  I t - e l f .  . t n  nr>tt v e n u l t  In movement o r
a m y  from fchu s c r e e n  combined with  «r  e u ^ l  j o r l f o r t A l  £ 1 e-  
p l '  oeo.ent.  he lm6| |i j-l' Ot- l a  n o t  t i l t e d .

U n fo r tu n i ' t e ly  t h e s e  itovemente ert- not, up s im ple  « •  
may be d e e l r f  . l o r  qu ic k  e id  e a j  o d ju e tw e n t  o f  t h e  r e l ­
a t i v e  y o e l t l o n e  o f  the  nource  Itatit’oe .  b u t  the  nource  1msgee 
o n  t  l e a s t  be sd.l ur.ted I n d e p e n d e n t ly ,  vh loh  l e  e oono ld -  
• r n b l e  edven t t ige .

i .n  , oni;KB<nft.

I t  h a s  been l r 4 t e * t » d  In h n p te r  1 ( « e t .  7.*» ) t h a t
t h e  f r i n g e s  a r e  In fooue  on th e  eor- an on ly  when th e  tou roe
imagon ;re I n c l i n e d  e t  the  p ro p e r  r e l ' t l v o  r’n ^ l r  t o  enah -  
• t h e r #  Renee.  I f  we o o n a l d e r  a* f i x e d  f o r  t h e  loraent. 
t h e n  f o r  a p r t l c u l  r r o u r a s  s p a c in g  i . e .  f o r  a p c r t l o q l a r  
p o s i t i o n  of  L" ,  a," muet be i n c l i n e d  » t  the  p r o p e r  sng le  
r a l m t l v e  to  - 1 tc b r i n g  the  f r i n g e s  I n t o  f o c u s  on the moreen 
' l i l t i n g  >" t o  the p ro p e r  «n(sle w i th o u t  e h e m l r . g  I t e  pos­
i t i o n  can be accompli shed  by r o t a t i o n  o f  m i r r o r s  >nd i . 
i f  m i r r o r  *  is r o t - t o d .  >" w i l l  move l i  t e r a l l y ,  and w i l l  
bIho be t i l t e d ,  t i l r r o r  4 oan then  be r o t a t e d  In euoh n r a y  
t h a t  a" In r e t u r n e d  t o  I t s  o r i g i n a l  p o s i t i o n ,  v lnoe  . "  h^e 
n o w baen r o t a t e d  - bout, m o h o r t e r  radium however,  the  t i l t  
due to  r o t a t i o n  o f  m i r r o r  2 w i l l  no t  be eouml t o  the  t i l t
due t o  r o t a t i o n  o f  m i r r o r  and the n e t t  r e s u l t  w i l l  be
>> r e s i d u a l  t i l t  i f  t h e  source  image " .  I f  th e  p r o c e s s  I s  
e a r r l a d  out  In l ie r l  i t  d i r e c t i o n  t h e  source  Im-ge .V* may 
be t i l t e d  in  any way -md i o  any dm r - e  t o  o o t a i n  f o e u s .  I t  
,ney be noted  t h a t  f o r  d ju s tm e n t  abou t  h o r l s o n t a l  ml r o r  
axes  t h e r e  w i l l  In - d d l t i o n  be sf o i l  r e e ld ,  c l  h o r l s o n t  1 
11/,p la cem e n t ,  which o f  o o u r re  a l t e r s  t h e  source  image poe-  
I t l o n s  r a l '  t i v e  to  one not  . s r  el  1 ; t l v , a n d  must be com- 
pemt ted f o r .

r » ; u 2#tn, ; oeuld h - r e  h en c a r r i e d  ou t  on source  Im^ge 
,V by t i l t i n g  m i r r o r s  1 and 3.  o r  oy moving b o th  s o u rc e s  
w8ep in , :  t h e i r  sp e c ln  c >-iet«-nt. but  I t e r l r -  t h e i r  r e l a t i v e  
I n c l i n a t i o n * .  Thus f o c u s  I n ;  c m  br r  c r i e d  •>ut u s in g  m jr  
Xna m i r r o r s ,  the  most r a p id  mffao t  Vein produced by fd . lu s -  
t i n r .  m i r r o r s  1 nnd 2 ,  wince the  l l f f e r - n c i t  o f  t h e i r  d i e -  
t»riae» from th e  source  Integer,  and t h e r e f o r e  t h e  r - d l l  o f  

i l n n .  r e n t e  , - t .



1 . 5  A & j  u a t g  ' e / ' t  o f  f r 1 n ^ . * *

The f r l n r *  nh^p* and #p*»@1ng h^e l'#-en 4hnm to  be 
openden t  on the  r e l a t i v e  p o a l t l o n n  o f  the  s o u r e r  * ( Chap.

1 S e o t .  ) .  . ipselng  o f  the  f r i n g e s  I s  d e p r n d - n t  on the 
*ouret- t « i :e ej r e i n  • ‘’o.  and the f r i n g e s  r e  c i r c l e s ,  e l l ­
i p s e s .  p/- r e b e l s n .  h y p e r b o l a s ,  o r  s t r a i g h t  l i n e s  «s the  nngle  
0 I s o s  a s p . 1 r e t . ^ . 1 ) v r l s  from 0 n th rough  91'°  • ( f i g . 6) 
AdJusteTient o f  th* source  Image sp eo tn g  end r e l a t i v e  pos­
i t i o n  orn be c - r r i e d  out  In « v n n e r  s i m i l a r  to  f o e u e s l n g .  
R e f e r r i n g  to . motion  ■.4 on f o e u e e l n g ,  i f  m i r r o r  * were 
r o t a t e d  In eueh e wrcy th n t  S" i s  r e t u r n e d  o t  I t s  o r i g i n a l  
t n o l l n '  t l o n  Inetepr t  of  i t s  o r l l n o l  r o e l t l o n .  t h e e  the  n e t t  
r e s u l t  o f  th e  a d j u s t s m e n t s  *111 be s i . n t e r a l  d la p le e e m e n t  
o f  the  sovnos Imege,  w i thou t  - I t r r l n  the  e o n d l t 1on« o f  
foo tie .  y t r e v e r e l n g  one o f  the  m i r r o r s  th e  s o u rce  1msgee 
n n be "oved n» r e r  or f u r t h e r  from t t n  s c r e e n .  ■ nd tn u e  
any d e e l r e d  r c l r t l v #  ( o e l t l o n  o f  th e  source  Images eon be 
ach ieved  w i th  my d e s i r e d  fo cu s  c o n d i t i o n s ,  he movement 
o f  the  source  Images i s  n o t  s imple  so t h a t  a c o n s i d e r a b l e  
amount o f  s k i l l  i f  Involved  1 r  e d l n e t e ’n e n t . n ly  r rp f - r ) e n c e  
w i l l  i n d i c a t e  ah lch  " d j*  „r i s  i n d i c a t e d  f o r  » d e s i r e d

I t  may be no ted  t h a t  when 8 1s r d l u s t e d  to  10° by 
s u i t a b l e  t r a v e r s i n g  o f  the  m i r r o r s ,  then  th e  s o u re r  Image* 
e r e  e u t d l s t e n t  from the worsen and the  p» th  l e n g t h  d i f f e r ­
ence I s  z e r o .  Thus the  w h i te  11.-ht f r i n g e s  w i l l  wppemr.

hen u s in g  n on - ' ionoch rom i t lo  11 h t  I t  i s  n«os«*sry  to  «d,1- 
a r t  f o r  the white l i g h t  f r i n g e  mince the  v i s i b i l i t y  h e r d l e  
g r e « t e e t .  only « l i m i t e d  number o f  f r 1 n r « e  hein.  oba r v a b le  
on e i t h e r  s id e  in ”*pl  ined In h e p t e r  1 ( . s o t . * . * )

I f  tno eysteru I s  t e l e c e n t r l o  ( e o t .  5 .3  ' h " p . 1 ) e l l  
t h e  f r i n g e s  • to '*p t  those f o r  e r t r e m s l y  e n e l l  ' n s l s e  o f  fi 
w i l l  ap p ea r  to  be s t r a i g h t ,  o r  snaoll 8 o n ly  two o r  t h r e e  
f r i n g e s  w i l l  be in view nt  t b s  « *>« t l ^ s  dur to  th "  er ■>11 
f i e l d  n I s  of  hf symtem. bus ourvsd f r i n g e *  c n on ly  be 
obse rved  i f  > he *./•>♦ em I s  no' ‘ e l e s e n t r l r ,  and i f  th e  f i e l d  
i n g l e  I s  c u l t s  l a r g e .

) r  in  a d d i t i o n  to  ■ d j u a t l n v  th e  sourc-* 1m gee to  be 
e o u l d l  . t n n t  f r o  th e  aourou ( I . e .  8 « 90°)  the  s o u rce  Image* 
n r e  tui'l:) p r 11*1.  then  t n e  p* ;ie r o t a r :  t l o n  o r s r  the  
f 1 i l d  *111 be c o n s t '  i t  and *he whole f i e l d  w i l l  be l i g h t  o r  
d r r k , h i e  i e t e r  «d i n f i n i t e  I’n t o r f e r s n e e ,  minor I t  mny be 

rdcn t f :,«i 11" I t i n ,  c ar of  l e f t  n i ‘s l y  v ' d f  r i n  %oe.
This  O ' as i s  ve ry  u s e f u l  and w i l l  be c o f f e r e d  to  "i 1 n l e t o r .



n t t h e r t o  I t  h-«p heen S«iui*eil t h e  ruodlum In  r h lo h
t h r  1 p l ’io-d l a  l ioaoaeasoue ,  "nd of  un iform
r e f r i o t l v e  In d e x ,  f  d e n a t W  d l e t u r b « n o e  1r nei  i n t r o d u c e d  
in t o  the  one hr-^m o f  .hr I n t a - f e r o m e t  r .  t h e o p t l d n l  r  t h  
l e n g t h  of  t h a t  henm 111 a l t e r  - nd the pb*»e r e t a r d a t i o n  
be tw ee n  the  two b*,-rr- w iU  fct obansed .  vow the  f r i n g e  w id th  
h e been nhown to  depend upon th e  pb *# r e t  rd t l o n  ( . 'h ep .
1 o e t . ' . ? )  end hanoe th e  f r l  a * »  w ll*  he d l n p l e o e d .  I f  the 
d e n s i t y  r t l e tu rb a n e e  «■ n o t  un i fo rm ,  b u t  oan be demorlb-d  
In  t e r a u  of  o o - o r d l n a t e e  y nd * p e r p e n d i c u l a r  to  the  l l f i b t  
p a t h ,  th e n  th e  de«$ree of  f r l n « t  d fa jAaeement #111 r l e o  be 

f u n c t i o n  o f  y • n<l z ,  - ed by ev i u u t l n g  the  f r i n g e  d i e -  
p l , c e m e n t  o r e r  th e  - h o l e  f i e l d .  U  l e  p o a e l b l e  t o  e r i e v . i . t #  
t h e  d e n s i t y  d i s t r i b u t i o n  o r e s  t h e  f i e l d .  The f r l n « #  d i e -  
p le eam e n t r  w i l l  be due t  » u m - t l o n  o f  " H  d ' n e l l y  
f i e l d s  e n c o u n t e r e d .  «o t h a t  on ly  w t r l o t l f  t r o » 4 i m e n a l e 5 f l  
o r  n x l r l l y  syms.etr e pb*no*ef.a <“ «n be eve lu-  ted .^ ,

.he d t e p l  ofll f r i n g e  p - f c t e r j  oan be r h o to ^ r - p k e d  eno

1? termed n i n t e r f e r e  TV'm. 

o :> t i n ,  o f  : ' l n 1 t e _ : r_ l i l i f^ .

Co n e ld e r l i f i  a two d l m e n e i #  J d r n e l t y  d i s t u r b  nee .  
th e  r e l a t i o n  b c t r e e n  f r l n r e  r h l / t  nd d e n s i t y  d i s t u r b , n o ,  
m9y b ,  r e t  b l l p b e d  no f o i l  ova:

i f  sr , y  I ' , f e e  tt «*Uth ,  lenr.Lh t  In ‘ he ’• •c'um, 
f i r s t  w ith  r e f r .  o t l v e  Index ^  nd th e n  " * - i *  r e f r a c t i v e
indvx >v the o p t i c a l  p tb  d i f f e r e n c e  t i l l  oe

^  ( .A > I. ) t
i f  the  s u r r o u n d i n g  m od" : ,  h e h r e f r , o t l v e  Index 

&  become.

.  „f L   ..........................................................( * + )
\  /

■here Xvl e  t he  wave l engt h  i f  t he  l i g h t  In n vrouum 
nfl X<, t he  wave l engt h  In t he  medium of  r e f r a c t i v e  index u 0 

liow t he  o o - o r d l n a t e  of  c f r i n g e  1 ,

I I  " ^
she b r e a d t h  o f  a f r i n * #  b t hen  l a



y

S P

*

_  A
Thu 8 -----

Nov th e  ’. I v d e t o a e - ^ a l e  l.*w e t - t e a  t h a t  

• Utinstent

^3

•?<

h e re  . t a  the  ' J e t te l ty  ead k the  .1- d e to n o - I  e l e  e o u e t e n t  

M e r i t i n g  we

I
X v

. - 1 *

♦ f r (36)

d ^ u e t l o n  136) 1« o f  the  f o r o

I  . a  e - * *  + ( «  | |  M
a ’-re A *nd p, r r  e ^ c e t m t a  f o r  •> t i v e n  ?# t  o f  t o e t  

oond) t lnnw.  .lei ending  o n ly  on the  o o n d i t l o n a  » t h e  4Bibl«*nt 
*t  r .  I enae h a e r i e s  o f  e e l i b r  - t i o n  ? u rv e s  c m  hr  f ^ e r n ,  
w  at r o e  " F.lvep v r,l u e  o f  h ,  from "hi  oh th e  d e r e l  t> 0,,n 
r e g a l l y  be re«d o f f  f o r  e o r r e e  ondIng v " l u » s  o f  y .  ( ‘ l g .  7) 

he ' T " r h l o r 1 o r th o d  tv r  been found c o n r l d e r  h ly  
f  f e t e r  t h e n  the  c e l o u l '  t t o n e  o f  e r s h e d e r  end I n k i e r  ( f . e f . 

i 6 )

2_, ■ l u e t l o n  of  . j ,nTir

In t h l e  o«eok e -'.e iel «.y dl n tu rb o n ce  w i l l  produce f r i n g e s  
, 1x1 oh r< l o c i  of  e uni  d e n s i t y  I . e .  I s o p y e n n le ,  end the  

wtrole l n t e r f * r o g r * »  mey be eve) ur  ted b> e n l e u l '  t t n g  the  <$ n- 
s l t y  ch'-ivT ;<?>• f r i n g e ,  nd number In/; the  f r i n g e s  f r o o  en 
o rea  of  known d e n n i t y .

!!o* we h e b y  e n u n t lo n  ( 1^)

A  . t  t

or  w0 r  “ phrnee r e t e r d n t l o n  o'.* n » n v e l e n g th s  A «  n X ,  

n

Th# ^ lede tone-L -e le  ®^y be w r i t t e n

»* -  r t O r  * )
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The d a o l t y  Then e r * r  f r i n g e  -r  i e o i y c n . l  w i l l

2>(C *t  ■ - w -
1  .

«y afiuntlr.g fr lM « . f r o ,  of „„„„
( l , n , , l t y  " y be •▼•It teted from e m u . t i o n .  ( 3 ? )  o r  (38)

-4*1*11/ symmetric henomen.

i f  thri f i o  l e  not  * t r l * t l y  two d l r e n e t o n e l ,  thenvnen
^ elU,3tt0n W e e l h i e  o n ly  m  e e . e e  w ith  e U p i e

M  Si t n m s i  f  s r s i  «  .  ^  . —  -  _  . «  -  .
— *r - — iw r  1

symmetry,  - uo e x l e l l y  eym m.t r lo  p h e m -^ n  , e . , : .  * 
oone !n m o l r c u l e r  j e t .  Ihe method o f  r e l a t i o n  e n t n l i .  
rf i i  t t l n .  the o l r o m . r  f i m a  m t o  e ] * r , n  number o-  
r l n  e ,  »nd eo lwlng  >oh r , n «  In t u r n ,  be**nal»< w i th  the  
o u t e r  one .  /him » » * ! «  r<e m d l - l  d e n e l t y  f u n c t i o n  method 

’ e l r f , t  l' ' by Ohmrfln,  fi®d 1* v e ry  l e h o r ’one ,  1n- 
v o lT ln *  the  uee o f  « table,  o f  5 'M  c o e f f i c i e n t * .  (
K*f. 6 & <>) ore oo m p U te te d  f lo w r  he ,o  not  y e t  y . U d . d  
t o  e o l u t l o n .

1  . r r o r c  in v n a t i o n

Z , 1 e ro  ^ ro re

to  the * f,o t  hf ' t  h s  oi t l e r j  comj o n e n te  o f  t&#
n t r r r « r o m e t e r  e r e  not  p e r r . e t i y  f i n i s h e d ,  ' h / u n d l e _

tur- d frill. . „ H  ot , . ,.,f cU  -Ir-Mbt, ,h..h -U1
n t r ‘ .......  »■’«•  “’' • U  t t o n .  l r

r  i t o .  o r  o r , M I .  o f  f „ „ J .  u „ „
riinn1n,( .1 1 1  odl  f o r t h . r  . r r o r o .  h r  o r d e r  o f  - h r . .

r - r o r  oen be e e t l  i t e d  by e m l c u l e t l n *  t h„ ^ , , t y  
oh^nfliM i e r  f r l n  o a n i r t ,

r c  e Uf-t1on ( t r )  ,»  t ,oTe
(

a0- 1 ) ( * 9 )

JLo. I
b (»0)



v

■ m

• * Aid ^  it. y bf  r » 1 oed m* * r -
o n t -  «’b.  ..»<nee >if o r  K t< l e pend  upon th»  d e n s i t y e i t  
lf< e v l r l e i t  t h e t  n hi li It. ,  wind !• rrnel *111 mtn- 
Imlitp th e  e r r o r *  o r  t h l ' 1 re  non , » tu n n e l  o p e r a t i n g  
e t  •  h l f h  neh umber r 111 ; e n e r * l l y  Invo lve  a re t e r  
xero e - r o r  th  -n ono p e r u t l t .  t  » o d e r a t '  oh umhor.

r r o r i '  - r y  I ro br reduced b y  u - I n  > s h o r t e r  wmvelsn#*h 
o f  1 Ig l i t  or  1 r. o r  wind t u n n e l .

 r r o r  due to  round nvor

I t  If- Im p o s s ib le  to  vroduee e t r u l y  t v o lm*n- 
s l o n e l  i i e t u  f-t e e , el noe t  , moving el r  c o n f in e d  by 

s o l i d  boundary I m p l i e s  th e  e v 1e t e n e o  o f  « boundary  
1 y n r .  1 n o e  t he  11 h t  r-ty I n to  - t e r  h vn. loue den­
s i t i e s  t r e v T m r d ,  I t  1 m n e o e f " n r y  to  " l l o *  f o r  the  
boundary l e p e r  e f e e t ,  j e r e h e d c r  he# Iven the  a r l o u l -  
e t l o n ,  which ' r  r e > roduoed h e r e .  { e f .O )

1’he u- uni method of  c a l c u l a t i o n  o f  d e n s i t y  f o l l -  
o r e  from « u n t ln n  ( 1 ) ^hloh nay be f i t t e r

e '  * ( o -  x t  ^

wher'  g ' 1e the  observed  d e n s i t y  
I f  now e boundary  1 y e r  o f  h lc k n een  6 1« 0On- 

e i d - r e d .  In which th e  d e n s i t y  d l e t r l h u t l o n  l e  ^ iven 
by f ( ? ) *  an l  w r i t i n g  f  -  t 1

^ - Ko( f ' ‘  l®o,f * * 1  * * • <41>
and % H  W m  t

i  x e - *0< t' ’ - ( o ' f l  f "K0 - (  *}'«"

hare  ^ If the  t r u e  i n n e l ty  
Inco th '  boundary l a y e r  d e n s i t y  (* )  l e  lemm 

th a n  y we may w r i t e
^ ( *) ■ ^ -  * (3 ( z)

h a re  t  d e r o t  n «n 1nnrenon t  
hen f

t A f t "  K@(f -  f j *  -  ^ e  ( , ) . d ,  . . ( * ? )

U"t1n< e u n t l o n a  ( h i )  an ( h?) we have
e

f  ■ c '  * r  I  ̂ C1 7 ’ • ’ 7
o

( M )



ib** c o r r e c t i o n  lnte>xrnl  of  e u n l l o n  (*3)  »*y be M 

v n i u n t r  -1 from t  e o r o t l o n l  conel  de r e t  t o n !'. 1 t<‘r n * t l v e l y
i f  the  d e n s i t y  p r o f i l e  in  the  b lunder}  l e y e r  cea be 
found by u *e of  tho  i n t e r f e r o m e t e r ,  th f  f u n c t i o n  ' £  ( t )  

cnr. be p l o t t e d  nd he l a t e s r n l  f^ und by meeeurtnF the  
ree  un d e r  th e  c u r v e .

3 . 7 r r o r  due to > e f r e c t l o n

h e  0 7 l u t e n c e  o f  lr>.r e  d e n r i t y  r  d l e n t e  I n  t h e  

f l o r  n o r r  ml o t h e  l i g h t  d i r e c t i o n  w i l l  e r u a e  % c e r t a i n  

' ■mount  o f  r - f r  o t l r n .  h r  11 t f i t  b e a m  w i l l  b e  d c f l  n t e d #  

a n d  w i l l  t r n v e r n e  m d i f f e r e n t  d e n e l t y  u o n f l « t u r r t l o n  t h e n  

i t  w o u l d  h t ve  i f  ' h* • » .  • :1 o t  i v  ' n  r e f l  t e d .  h i e

i o  s h o w n  i n  n o  e x  g p i e r ^ t e d  m a n n e r  I n  I f f . t  wevr**

fcy > r m r t h  r l n o t p i e  i t  i f  k ' o t  t h e t  t h e  . d f r - c t r d  

r a y  e n d  t u *  r e f r a c t e d  r -  y  w i l l  b o t h  t r e v e r e #  t h e  o r m e  

o p t i c a l  p a t h  l e r v . - t h  e ; r r l v e  t  t b  '  e e * ' -  i o i n t  o n  t h e  

s c r e e n  A 1 ,  p r o v i d i n g  t h e t  t h e y  o r !  *• t e d  »<t t h e  s e m e  

p o i n t ,  h u e  t h e  o n l y  i m i o r t  n t  o o n e l c . . . r a t i o n s  o r e  ( 1 )  

I me j i e  d i s t o r t i o n ,  e n d  ( 1 1 )  t h e  d i f f e r e n c e  o f  t h e  o p t i c - 1 

p « t h  l e n g t h  w i t h i n  t h e  ch« n n e l .

ersbed-  r  ( , e f . 8) h v Wen th<- r e l e v a n t  th e o ry
h ioh  1b b r i e f w  rep roduo  d h e r e .

(1 )  in o r d e r  to  ev iu tr- imi e d i s t o r t i o n  i t  i r  

n o o e s e e r  to  c l c u l  t e  he d l s t n n c '  .R ( l#t» 1' ')» &
be In*; the  p o i n t  f r o  whlcl tne m y e  eppe« r  to  em rne te .

asumlnv t h e t  t h e  d e n s i t y  g r a d i e n t  i s  e u f f l o l o n t l y  
un ifo rm t o  c o n s i d e r  he r e d l u s  o f  our t u r e  throw h ’ he 
t e a t  a - o t l  n u n i fo rm ,  &nd * e t  t h i s  r  d tu s  1- much 
l a r g e r  then  £,  then  h ve by th e  i rm e t ry  o f  1 , 10

H

Ten 4  -  AD
* ^

Ton 6 * ■

( 4  * ■ )
"“ PI----

i— - s -
t  (R ♦ ( )

•> ho re  SB - J  hD • 7
Hence

( -  — *, ( nn t( -  i n £ )
(R - t V

No and I t  I s  poi i H l  i - a t  i

.

com-
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«

1 I.

Ih lR  "• u n t i o a  w i l l  be dlsioueeed f u r t h e r .

( 1 1 ) Xo o e l o u l ^ t e  the o p t  In 1 p« t h  d i f f e r e n c e  we 
a n y  p roofed  e f o l l o w s  

Len«th  F -  t i .6
- 1 .  v fi H . c ;

o r  the  d l e t e n o e  ?P* w i l l  be Riven by

pp* -  R -  ( hP -  e^) 
where z 1* th e  d l e t e n o #  o f  r  from

homceenr

Inoe R x> k

28

#

n«e <ivon the  r e l  t l o n  f o r

$ r e n t e s t  r » d t e n t ,reo

. (44)

ihe ave rage  d e v i a t i o n  7  o f  r - y  f r o r  the  pr th  
'C w i l l  then  be

"T........ . —
/  dE

0

The awerege r e f r a c t i v e  Index ..ion th e  p th t h e r e ­
f o r e  1 8

(Md m,

end the  d i f f e r e n c e  In o p t i c a l  p. t h  lue t o  r e f -  
m o t i o n  w i l l  be

12 ,
&  ("1  ‘ Hred .i )t (  * ~ f ~  ) -

h e r e i ^  1 the - p f r '  c t l v e  I n d e x a t i o n  - n 
i l r l t  in™ f i #  end ^  ~  r .  d ...

o g m d '  u  )

we o b t a i n



Tf)CJ M J la  vener«l  v^ry  urn*11 <o t h e t  LLi 
1 e t  tpri i m y he n e g l e c t e d .

’ M
srad^ix

K ^i '
m r - p - T r g r - d

‘h i  > produce*  sn extrr* f r i n g e  ehi f t  
the obeerved  d e n e i t y  w i l l  be tn o re ^ e e d  by »n °

■ &
h x p re e e in g  t h i s  me e p t , r e  n ta g e  

Kl^
T f grnd ee " " f ,

«r»d p  can be ev e lu i  te d  oy men c u r i n g  observe*' 
Increm ent*  on *n I n t e r f e r o g r r m

The method 1* n o t  e x n o t ,  t h e  g r e n t e e t  o b j e c t i o n  
be ing  t h e t  the  d e n s i t y  g r a d i e n t  1 * eneumed to  
e t e n t .  however t h e  d e n s i t y  p r o f i l e s  do not  change r ap ­
i d l y  enough o v e r  the  small  rnnne th rough  which r e f r a c t i o n  
o ccu r*  t o  w a r r a n t  the  e x t r e  mnthemntlon l  ocm.11 c a t i o n  
o f  an e x a c t  method. the omlcul t l o n  w i l l  In any o ee 
I n d i c t #  th* o r d e r  o f  e r r o r  i n v o l v e d .

1 ' A  Kry?r due to  D ive rgen t  . . i g h t

I f  the sou rce  hen n f i n i t e  s i z e ,  e l l  t h e  r a y s  
p a s s in g  th rough  e p o i n t  In the  fo e  1 p la n e  o f  the  channe l
w i l l  no t  t r » v e r r e  he e«me p- t h ,  rnd hence In the  reg io n
of  h ig h  d e n s i t y  g r a d i e n t s ,  w i l l  n o t  t r a v e r s e  the  seme 
d e n s i t y  f i e l d ,  him I* i l l u e t r n t e  In F i g .  9

The r a y s  o u t s i d e  the  channe l  w i l l  a g a i n  h ve tne
reme o p t i c a l  pa th  l e n g t h  by orm t ’ e r l n o l p l e .  inoc 
the  g r e a t e s t  a n g le  of  d e v i a t i o n  I s  e m a i l , I t  i s  l o g i c a l  
t o  "eeume t h a t  t h n t  the  v a r i o u s  r y e  w i l l  a p p e a r  to  p r o ­
ceed from v ery  ne r l y  the  s me p o i n t .  I t  1- thus  on ly  
n e c e s s a r y  to  examine the  a d d i t i o n a l  ph me r e t a r d a t i o n  
due to  m y  b e in g  i n c l i n e d  a t  a a 1) an l e  to  th* 
o p t i c  1 a x i s .  method o f  c a l c u l a t i n g  t h e  o p t i c a l  p th  
l a n r t h  of  much ray  has  baen d e v i s e d , nd vrocaad*- *e 
f o l l o w s .

I f  AB r e p r e s e n t s  th e  d i r e c t i o n  p- m l l e l  to  the 
o p t i c  *1 x i * end norm 1 t o  the  g r e a t e s t  d e n s i t y  f r  d t e n t  
I ee Klg.  11)

amount



« r»a  «. i f  la  / e c e r e l  v«>ry sr. n i l  bo  t h a t  the
1 a t  tent ,  m y he n e g l e c t e d .

g r* d 2i.k
ivU,

K?l ?
t r r ^ - r r g r  d

: z

i b l e  ( r e d u c e *  e.1 e x t r e  f v l n  ;e s h i f t  
the  obse rved  d e n s i t y  w i l l  be 1 noreneed  by nn

" &

i -xpresnlng t h i s  us n p e r c e n t 'w e

amount

is.
5TT

k!
e  + T r f .

: r sd  p can e v a l u a t e d  by meneur lng  obse rved  
Ino rem en tr  on sn I n t e r f e r o ^ r n m

The -%#tbfd I s  n o t  e x e o t ,  the  g r e a t e s t  o b j e c t i o n  
b e i n g  thi  . t u e  d e n s i t y  g r a d i e n t  I s  sssumed to  be eon- 
s ten w .  owtver  the d e n s i t y  p r o f i l e s  do not  ch a rg e  r a p ­
i d l y  enough o ver  the  small  rungs  th rough  which r e f r « o t l o n  
o a o u re  to  w a r r a n t  the  e x t r a  methemstl©«1 com l l o m t l o n  
o f  an ex-uo t  method» the c a l c u l a t i o n  f i l l  In any e s# 
I n d i c t '  the o r . i r r  o f  e r r o r  in v o l v e d .

g red  p

t o  ; i v o

I f  the  sou rce  h a s  . f i n i t e  s i r e ,  *11 th e  r a y s  
P ee lng  th ro u g h  m p o i n t  In the  foe  1 pi m e  o f  the  ohsonel  
w i l l  not  t r*-veree 1 he a a me p a t h ,  m d  hence in  th e  reg io n  
o f  h igh  d e n s i t y  . c r o d l e n t f ,  w i l l  n o t  t r a v e r s e  th e  seme 
d e n s i t y  f i e l d ,  h i s  i s  I l l u s t r a t e  i In r i g .  )

1 be r s y s  o u t s i d e  the  o h m n e l  w i l l  ngnln  h ve the 
oeme o p t i c a l  pa th  l e n g t h  by P e r m i t ' s  r l n o l p l e .  Ilnoc 
th e  f . r e e t e s t  a n g le  o f  d e v i a t i o n  I s  e m a i l , i t  t a  l o g i c a l  
t o  cssum* t h e t  th n t  the v a r i o u s  r- yr  w i l l  epponr to  p ro ­
ceed  from v e r y  n* r l y  the  w»,a p o i n t ,  i t  Ip th u s  only  
n e c e s s a r y  t o  examine the  add I t  m c l  ph we r e t n r d c t l o n  
due to  a r«y b e in g  I n c l i n e d  * t  e sm 11 on l e  to  the  
o p t i c  1 x l * .  method o f  ( i " l c u l s t i n  t h e  o p t ' e e l  i th 
l e n g t h  of  such » r*y bee been d e v l s e d r  nd p rocee ds  «<» 
f o l l o w s .

I f  i'B r e p r e s e n t s  the  11 r«e t1on  pal..*.?'el to  the  
o p t i c a l  x 1 n end norm 1 to  tit* gve i t r  v t  >ne1 t y  r  d l e n t  
I *e r i g .  1 i )

r

■

- - ' - —



w i l l  be

h ive  from J o m e t r lo n l  cone l t ie r< ' t lone  

- B* t J o e  f  ♦ HU. .In * .
■9 9 « n f ̂

B ’ D -  H -  ( f t  -  AB* ) "  *

BC ♦ CD

- * - Tfin * 4 c M

-  1-7"= » * i w & q r

-  l / i ' e n f  ♦ ( £ jo e »  ♦ HD. In#)

Now ;D R ond S in#   ̂ f  «  R
i hr-re f o r e  n e a l e o t l n ^  second o r d e r  terr- f  we s?«t

I  e |  ♦ ♦ I A l l
j  O

. (47)

. ( 48)

l .Tenf)  + Coe|

1 -  ^  Sin#

Minor . I n #  -< R, we mmy n e c l e o t  g  S i r#  w i th  
r e s p e c t  to  1 end w r i t e

*2
iD - I . T e n t  \  ^ C o s #  .

Ate s e c t i o n  HP’ , d i s t e n t  z^f rom A 

’ •  z .Ten# ♦ if^Coe#

Then the  evern«e  d e v l ' t l o n  ^  of  the  rey  from M

( t .T e n #  ♦ fpCoe# ) .d *

7dz

* 4  I .T e a #  ♦ I  f r  Cee# .

Again from e q u a t i o n  (*7) and (*9) ^

h ’ . |  coo: ♦ t T n # . Im + 4[: . ln(

. . ( ? D
ow , h ‘ where f  I s  the er.&le subtended  by D

e msy w r i t e ,  n e ^ l e c t t n  h i g h e r  powers

D *« A h ’  *  2  R e ’
ah *

o r  f o r  (  A

AD » AB* + A B * * (52)
6R'



Then th e  o p t l o n l  p a t h  l e n g t h  d l f f e r e n n e  between 
U nnd aS w i l l  he

A ■ ( / * , +  <f s rnd  ik) D -  t  ,

s u b s t i t u t i n g  f r o *  e n u ^ t l o n e  ( 5 0 ) ,  O ^ ) ,  ( 5 ? )  «nd 
s i m p l i f y i n g  we mey w:-lte

& » i '♦ g red  ix ♦ T ^ 7  %rpd i  4 '*,^•4'

where D -» Corn* end n e t t i n g  ln$  • rnn() «

Coe* « i , »md n e g l e c t i n g  t h i r d  m d  h i g h e r  row ers  of
g r r‘d >»>. ' nd *

From e n u e t lo n  ( «5) f o r  - r ey  * t  normal Ino ldeno
we bed

#? ,  
A » •  k ,  g r , a  -

T h e r e f o re  the  a d d i t i o n a l  o p t l c n l  p a th  t r a v e r s e d  
due t u  the  »ngle  o f  I n c id e n c e  * l e

" t •* /.red 4 ‘1,1 • * 
or  In te rm s  o f  d e n s i t i e s

r.r' d ^  ♦ (K , + 1 )£*'

Now the maximum v a r i a t i o n  o f  o p t i c  1 p i t h  l e n g th  
m-y be assumed to  be tw ice  t h a t  o f  he v a r i a t i o n  o f  the  
mean f r o *  the  c x t r *  e r » y s .  vhus t a k i n g  * as  t h e  maximum 
a n g l e  the V i s i b i l i t y  v l l i  be Impai red  by e f a c t o r

A n J U M
?  >  A

from e q u a t i o n  ( *<8)

The f r i n g e s  w i l l  be widened by a f  o t o r  ,
the  f r i n g e s  due to  the I n c l i n e d  r - f a  be In d i s t r i b u t e d  
on e i t h e r  s i d e  of  t h a t  du to  the  r a y  a t  normal i n c i d ­
e n c e .  I t  I s  p o s s i b l e  t h a t  th e  e>n l o s l t l o n  of  ’ he f r i n g e  
w i l l  be n l t e r e d ,  s i n c e  the  f r i n g e s  re n o t  d i s t r i b u t e d  
p e r f e c t l y  e v e n ly  about  the  o e n t r  1 f r l n  e ,  «nd t h l c  p o i n t  
w i l l  be d inouseed  l a t e r ,  when n e s t l m  t e  of  he e r r o r s  
invo lved  w i l l  he made.

I>3)



I t  II w  r j '  ;

An r * t e r  f e r o u e t c r  »u ' t» : l e  f« T um v ' t> 1 e

• x l f t l n p  c> anne le  c one t ruo t  ed l y  (A: * mnr - o l d

v m v  ■ ( ttnd tv l i t  a f t e r  e o re fu l  s tudy of the

t h e o r e t i c s l  i e q u l r e t . s r t e  end t e t e t  eneei or, e x l e t l  p 

In* t m s  ent r ( f l . r , 7 )

The l e ?d ln (  t p e o l f l c e t l o n s  o r  the I n . t r u  »r,t %re+

S ! te  of  C y t l ee  y  i i ,

cl*# of  i » t e t f e r o o . e t e r  6 “ -* 18"

$?i" epprex .

1 « 1
P I  W o

I iffht ou cr ) ;  vet.cur i y» 1 A

t  dimpra of i he o, ‘ val I ' . y r t t ,  Ir.rlf.-., : ..r  nu>-

U l . - r y  "t If h t  t ourcee U  . hcur lr, I f .  1^. F I , ,  i ;

vhovs the ' •.♦or forn. t e r  v l t h  i l  e u / U l . t a r y  • t i e s

remove,: : r  t y ,  r I f r . 14-16 ere  del  1

▼lewp o the  ap p ^ rn tu s .  he I n t e r f e r o n  - t e r  p l e t e

h c l d e r n  «re  -hown In i p e . I T t l ^ .

i* - 0 ■ Li o' " 1

f .Ue of  l a i d  

h f i f n l f l c a t l a n

n n e e a t l c  r # # l « n  h a s ..........  -  » « p i  1 f  v h e r e v e r

' I , ,  t o  @ t t n  , ,  t a t '  l l t y  o 1 t h e  

lute;  e r o f c o ? t o r  p l e t e *  r e  t i e u o t e d  \
PH

on oaiv ha iv m v d  won l e a l  o i n l e .  Yry  » r e h e l y # f  * 

t h r e e  herdenev W i l l s  ty  e r r  In,  r e r $ u i e  t e  e n . u r e  o*. 

i t l e e  p * e i t l e : l n p .  he tyfca1t  e r e  c o n t r o l l e d  >y 

e d j y e t i a f  ee reve  k o rH n p  e$el r .* t  et i r r  s e l l  r l n  

In etioh # way t a t  ) n r l e e n t e l  an, v e r t i c n l  a d j a e t  - 

I t e  e re  c,. p ie  t e l  y Independent .  I t  s e t  feu c' neo-  

e e e a ry  t o  p rovide  * f i n e  ed j t te lenmt t o  * : iov  c r i t ' e * i  

foeuei Ln . h i e  1. o f  the  cant  1 iw r^r  i r l n  t v , # ,
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»fco**n In l r»17 .  A l u l l  t u rn  t>V t i e  f l o e  afl 'u  t ; .vni  

pcrev rivee z , pro l i  f i t e ly  1 '  of  are 

P l l sw tn^  a v a ry  c o n t r o l .

Ih* two fully s’lveret , h  to# &K.V t. trnvar $ed 
1 i. cunted or a can lap# eupportw! oc ♦t»»e telle 
r tr.n n ' i mover » t* r flat e ovr. vo , rr.ove* 

*t* leer cere."Oily tachineC . < etonaf to (rive a 
i .oo t! trevel. the < r rrl<i, • . • el- tfcvr t y rprlt.;

\ ■

run In »i  *<.J u e t e t l e  V re te  n u t ,  rnf- tg f i t t e d  *> ‘h 

« fc a l l  d l g t e c e  p l f v #  to  p reven t  any L r t w t e l e r i t y  

-n the  re rev «.ove t n t  he v  ; i r e - • . ..liter, to  t bo o e r r -  

l » p e .

I  Corefu l  denlf-n end iraehl Inf  h e r  r e s u l t e d  In 

an In s t rum en t  w til cl I t  reoaWtit  l y  t h e  /TrlOfe

p a t t e r n  no4 d r i f t ' . ; . -  zv. p r e c l a t l y  frci. day to  tiny, 

he I n d iv id u a l  p l a t e  h o l d e r s  a re  .n . ; -.r t« 

heavy wel ed a t a r i  ’ e r e  on th i  «e 1 »i fened ecrewc 

•': ’ <- . r; . 1 >!• , i :e. -e •' f l  > t ,  rc r>e » *. lv

a- oved and re ,  Iwae w i thou t  j e r t e l y  el  i t  r r,f

t he  ad .uet: ■;;t of  the i n r t n i u  < • i ,  he , e tu p  1* very 

f l e x i b l e ,  and the l a t e t  j  t e  I n 4ernh»i ^ t  or r e ­

a r m  i t' am dec i t  ed. he :n*« rei- t t  -i heavy v elde< 

f r e e #  b a i t e d  t o  

It r a t  1 on h n f  t aen con .p le telv  o rev*  m.* t y  f loat lMp 

the ra i , which ' very  t t>v> eo t ruet"  on, on

f uur i"  two-: - 11, m i i t e r  a t l - v i l i - t l a n  xouots.nre 

t  ■ t>< o i  v r . .  V  • o x , . i t  • r «  - - ♦*>  <■ I  o v e r  ■

.

4 c . i . r ,  tar i t  hr  i v l l y  dm , t ■ p* colt  .'.n# re 

f u r t h e r  1 e c l a t e d  f in. he conc re te  f lo o r  Mr ceene  of  

r a t h e r  rh ia* .
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?.v in t e rV e ro m e t s t  »1:. t«t: » re  ».««$# and

loan ed try the  Council  for ‘ u le n t  I f l c  and i n d u s t r i a l

e t e e t  el- i t t o r l a .  ’ • i r e /  7" I s .  - 1 ■' e p e e l ' l e t
C °t o  l-e < f r ln f .a  ; Ifme end e :.t 

M i  vcu 1 ■ i»i; fo l e a v e  , ,uol  t o  * cOfcli  ed,  hu* the

r e e u l t  I -  #* e c e l l  end 11 ' "< #r  ;-ro< wood with

th e s e  1 t e e  ' 1 . 1 9 )  hnve beet, ound to  te  n t r f t l r h i  

over *he f  e ld  t e  with in  he e t p e r l .  e n t e l  e r« o r  involved 

In rjestiui ewent, he e lumln l  t Inf on the  I f t e n  we$ l o t  

u l t e  r * r f e c t ,  end eo-e h le e l  chei t> ow u, p i  d a rk  

a re#  on tv* In t f  r f e r o f r r  1 . " ‘ < doe- nfh s e v e r  I n t e r ­

f e r e  with  e v e l u e l l o n .

Severa l  -o r i t e r t  have r u c e e e f L l l y  uneti p l a t e  

r t a a i  channe l  windows (r.e 7) e e e r rh  %,** med#

01 su 1 t a b l e  In a e .  If.UK l e  a t v  l e a l  t sau  1 1 .  cue

,

vhle  f l e e s  e r e  show 

" t r . f l  A ^9.  o t t  hew < n i l  l i  rOf/;<l£rl to

e t r l e t i o  , a s  w e l l  «1  ■ l l t t l i  c  > f t r e .  • . cnl

,

o l ' a l n e r  f o r  the uch < chs - . r e l . . >r- r e e u l t  a r r e  r n t -

l a f s c t o r y .  0 , l e s s  ec u  Id be ot ‘ el .ted for A . *».h ;
c h a n n e l ,  and 1 sui . wit ’ t h i s  f ' n c l  re  ‘ ♦•ere'o r  r>t 

1 e l l i  v 1 e .

v» I l f *  r o u i c e  t  a : t :  cur y v n  our type . T A

le ap  uned with. sr. I l f o r d  f 67 p e l s t l n  f i l t e r  to  I s o l a t e  
0

ft r  1‘‘f l  t 1 reen  l i r e ,  c a p a b le  cf »r lu-. lr> s t  out 1 C 

c i e  1 i t  ea .  t 1 .ioed with  u l / l O C ‘h  reoftnd i h v t t e i  

we. : uni t o  i « r u f f l e ' * .  , Inee t > « : 1ov 1 , s teady

and ■ he <* .e l i  . ecu.  « ve<d for  # e t t ’. u; an

.

f a s t  to  r t o p  a* y low d r i f t  l r  ♦.be f r V t f e c  due ♦©

« veof!  or t e  e r n t u r e  e ! e c t e ,  t u t  »i,y 11 re d
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e e c i l l e t l e n  of the fr inges  w i l l  c.eroly h  Oftfen t.h#i
i

i’l l f h t i  ■, g : v i n t  «• ..t*-, . i f  on. $ in  : e f fv« top*.

t 1 !• r i f  c f r  ue* «-r f  -

>ole cen te luef l  in • pM i i 1 1 "i. »rp. it * f i l e

1 1. l;*lv r  ■> w < «r* .  t i  f  « 'Tcp.t of wr ' o’- jjVWf

e l l .  i *<: t f  f i l l e t . tui 'n- tee*e  the rroc Is Cai' #f<K

t o  mtrr  , 1. v *.

for  i ' ■ ! 1 i 1 wn us< t  i r,v ■ l-.outBl &#V

•  leirec In o u t l  i c ! ' dro u ln t  » e o l a t i o n #  #n j’ s*quen t ly

t.rn*1-- v. f ;»n«*rs «- urer to r * • iaua cr

? .  At'.'.U !-t„ .ii't .P : f

nl»lFl sejw: woo i- frr ;«4 c w  Vv in* s»the<

"f ET" *6 !n : * f ,C .  1 he Oeuer t e l e s f  t*;># > «e ured to

f i *" e ■ 1 1#i 1 ,5  * l e t *  t* V  #r t oupM In to

* 1 1i=ni t  l y  1 r in, • In to  or m I f*  r* V  > tvo  ;«*«•••*

i reduced on th*  sc reen tW'J V M t

i n t e i  :er : t e r ,  . * th  > ere  id* rou v ty e u»l

ue in(  a v t e * l  r u l e ,  t# vnt i M / m * 1 ‘ ( wns

!iot founr* n e c e s s a ry .

i t  war r v e e  " a t  fur  ad u r ’ taent was f l e e t ­

l y  I f  : 1 tn t e d  v ' . n t r e d u c l r e  t t  • oct i . at  • c t, v  whi t#

1 * f t  I n to  the f i e l d  at  i h l e  o l n t  : n a d d i t i o n  t o t y # g  

l.i ' t  . i 1 • > c . i f * .  i . r ; ’ i l : o r y

a l r r o r r  we' • l a c*  r.oer '»U e  l l  la <-nt t o  i t  a t

i t  e y r t r u c i e  t ‘i* 1 l | > t  “ro  ' l> r.uro#, vMoV

)

h e . u . f  ' p e c t r u  , t u t  r e ' I f  oted I ' t t  t 

* f ' llf„ JNl 3 o> t * < . u r *  . ei c t y  \ e c o u r  ) i . , sK

tan Incan

' r- e i r ' * a r e a s ,  i l l  » r,t*0. v * 0

. j i  e , i  onoct i  j r» t  i r i our r e  at < w1 : ‘ » r i r e *  a r e  e |»u  In

t t e  f l e i

■

1 h'  n u • 4,  lit- n- »-e v l « «t r t  c t •' t » " t , ent"

\



j e

one of  the  ta ;1 l l l e r y  l.rr cr : a t  ' « o o l l  tajst <>r i»n*
f -  

: -

• F t t 1*  6 t-r i uhfV  ̂ r .  [■£':.*}i  oolv *v > t 41 r e e  e d j u e t -  

fr iuv  nr f> oul- m ; ear It. the  t e l  a r e n a s  in th e  

fc-Oi. êl t c-ti.At c a r e * .  I t s *  c*r. not t< caved 1 v , .erely

; • * r e: ? e ■.. . !,.•■; • r. i r n v e f f l

t o  o? t e i n  equa l  n.rv 1 *r:f tt: t r e v e r $ Lnr l« n e r r  ed

,

a r e a  1 %*«.. » # d 15 a t , . r- . 11 j  a. car  in

’ i r roe. ' l u V.t *v# me ia Gf ut  ce. I t r>e<er#*ry
t o  f ro  ,e- t l r  resdju* t f r - r  c i melnp t g  ropuetJ due to

: ' * o- . c* f t  t k c  * v l i  t 1 ( > • - in  Hr $ver $

f ’ - * f r '  «• a r e  cVsetvi y t - I r - i  < »; '•, r e V e i  than

br; the ' o r e e n ,  r e a d j u f t i e  i t  t. he In? r i need ne t  t a 

e e t r l e d  <§ut eo r re  u i t l y ,  c l n r e  f r  Inge c*r he seen 

ucb ore u p !' l y .  I f  a t  ‘ h i r  o ln t  tfc«- f i l t e r  Ir 

. w* »« n  • t I t  eve ' r " « r t r. n f  B-e  I l i r t

from ' H  .o'.,- r t v T f  1- f t l t e t e t i , H k . r e *  v t l l B a l r e e r

, ion

t h e t e  8 i l l  Vteoi-e „ ot< 1 st e l ,  +1 - . .hit  l l f h t  cr

een t i  1 fx ttf-:: ' :  « l l y  * ; , * *  1 • running cont :• uou»ly

.

*t.T , • ; * ’ i • 1 y,
At V. t c  >vOin‘ the f r l n r e e  ut* hr feaur  ed 

onto f he f reen  and t<? ut ted to  -he ree ' , r ed  or 1*9 t a t  lor 

ft: • v 1« ! • . : • ’ * s r.oc* r- e ‘ 1 e . r e  v a t  ► 1 i f #

i? f fu  e !*&&, e i ' l t i o e l  foeuce lnp  war done oheerv*nf the

f j  e* ti i t " '  are#., t ‘ ice " *  foeu t  e d i t  on* for 

# d ’ f f ' . f *  eourne axe ...oie ci : t uel 11 an fox * o'n* 

a m r  e.  he f i n a l  * d ju# t»a -1  is f a i i r, the channel 

'■ M e* eu i ; • i r « ■ lr  • he 11./’- wa „. ,
.

t r ea ten In*  the f r I n f e r  while  ee; in; he

x* i l l  cne f r ’ . ^ e  eover ,  the whole fl#l<

I n f i n i t e  or eont cut f r l m  e# »r# r

mini  " h f  1 e r e p o r t  >n c ' « th te i  fa r  u.- tax e r e
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- i - h  *' st. s ls tw J hnc mg** 1 r f f v c t  on f t  : nt »  v i e t h

.

i

t « l  | i i >  - i in, 1 very  ; : t t : . , t u t  e E j s t t

H e  fo cu s ,  . h i . U  v e ty  u s e f u l  in l e t t l n j  u, .

t a r  H r  wl< wel l  cun ted! ' n f t r  U e  f r ' i i y e e ,  

t-.or . t a l  or v e r t i c a l  f r i n f e e  a r e  t fluced t y  t i l l i n g  

l a t e  3 about  l i e  b o i l  r e n t a l  ot v e r t i c a l  »>l# r e s p e c t iv e ly  

and r e t e c u e f i n r  u l t L  l # t e  1. i f  l e t #  3 bad ,«,r. 

t i l t e d  ' thi c, pVfV.t# d i r e c t  ' n, t>,c f r l n t e

- a t t a i n  \ oul< rove leen  • r o d u o e r , b e t a  f t  'n e r

would d i e  t o r t  in *r« o p p o i I t s  d i r e c t i o n  when * d e n s i t y  

dl  t u r l a n c e  11 i t i  du ted .  Thus f iv e  a ln ty ;  • p o:

' * 'r. ;; - 1« n\ - ; Ip # - e r i r e  i .a '■ 1 1 r  r .

' ’3 - f f  • 'tie type rVcwlrr * t < . - -• t del* 1 «« fa Fired

a r e a  1* V. • 01 : ue* In p. t o t t .

he r e  a m  two technique* 1- t r ee *  f r t n e e e  th rou rh

b shock f r o n t  to  parml * f r In p e n  to  > a .

ry  u r -n  w hi te  i iu>.t  on ly  1 a f r l r . t  ro  • -duced 

I t f s  c a n ' t  Si : I r.fG g j ^ B - p n y  I 1 !*•.•'

«

.

channel i ■ s i  1 h t i y  «’ #><? 0 t h e t  t 1 e ebook

'Ct a i ’nccl per fee a: ' i f  i i  i t  t h ,  1 : r,»-er

throu ht t^e  r'rtcch re  *; read  a p - i l  s-.d c a tv  traced, 

b i s  s f f o o t  Ie r*-:en 1 In i f .S r i .  The Ir.t ?r ferorr# : .

oa not  1 * e v p i u » t u: • 1 a r t no, u r e d  I t h e

* , 1 : ‘he r ' r or i;- ■'-« f! , i -n la
i s d .

h lf.SC & I l l u s t r a t e  tfce <d for oar a]

L |»eu ; Ir i f . f he *« • nel : p no< ! cut v It  - *c ,ean  

b c-i-h ro fb  a . f e e t  11 , eAio ed ,  vi-’c'  K y a t  sou r e

ict of  the d e t a i l  In the v i c i n i t y  of  the shock waver 

and . ountiary l a y e r s . { a f ,  )
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ih* ciheifQul: eon ft true t«C 1 y . oi>e Hr#

‘ o l c lo  • ( s f . 1 4 )  an<5 « te  iTeilpned by the  f r i ' ijbleft l

o: cl e r e e r » i  l i e  . l e y  e re  r) >n in i .JO A ’1

Hole* .0 1  M 1 - .  vt*: r  f i l l  l eg  In to  l*  »l»e» t  Ices  to

e ve n l e e a u r e  r ,  r n f  by;  r e n  e nr o61c. t %#r*

cei.v'V*.t‘ ' :• to * ’• e i .-1 f i .  to  c  r.re ;t t.hei to « 2 n w t r t e r

en'«. ■ 0 - 0 1  i l .  *te» ,>f the o' av ie l  v *111 rtre p t>on Jr.

T at l i  t 1 A 8 .

Vf v is hi»-? ir.
ce 1 n t i  ft, . a< 1 r w t ’ ?:.  i f .J1

■ E
.

t t r \ r  1 f t . ftt rl* red up

11 i n t e  a o k a .n e .  t t a  u j • - e .

he a i r  r , l y  Ip tit ••*••• fr- '.we r» v |^ » o c e t  in f  

■ * t ; '  ' ' ut | F ' 1 ■ ■ r' u  ur l i fba  ere 

re. vc r l 1 vatt- t v<? * ' r w 1 ck' 1 let4 1 e ,  * :

’ dr t »r end: aleenlnfeul eequent  dr v1z>f u 1 t l  a c

vritk net v»t< , c k a r c ' t r l . ( ee ' e f . 1 '• . '> elvannelf a re

nv.-xt- v ■ r 11 -11} n a e f t ' , the t e r r o r #

o . ui.let 1 cx t ) o i l '  ! ■ y •  1 velvti till the e i t  au 1 y.

■cc* ■
I

to  I p ,n rxii t v f. f «« '. 

e w e e n ' i »11v

c.n, !» ehrwn d 1 ncr-ft: a t l c e i l y  ' a i p . J p ,  <

o j . ' f ' o n .  th# a ;pat  * t u 1 aped 1 

• t. v • f - ’ •

the -nlf# #V»e 1: re oved end ’> owed

.d l e t S m *  f n  tt %

1o t * l  beef  end e t e f : c t c l*e  were t »e< in 

? cl r no) ' id dlfcunr; r* : wen in M v .J J  A J4,

"her#  were e l e o  weed by ' i lelour1 . k* o’ er

o re  held  ir,

whlvk p # t * l ' f t  tF?ri« to  i#  trow 

i p ' n c y e r '■' $ or .

re#'  r.lid# l our ed « 1 ore the oho c e l ,

v l $ 1«? ty ran Pi

' '
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The f e l l * *  1 nr pi noeedxire ►  ̂f *dopt#d to

c r  n i l  <-*er :'?» i t  r .•: • o b l . - t r s  , c , ui‘»e .

i • r>«lre< t ■ e t «nf on o>* cOhl lerer.
» • uf 1 ..t - ' >.».• p i  , t' • » o;. w«r i lit nr,t) a

. ! ♦ e • o c«- - re. '-fi " • : i. : l y v* • v* 1 -me-i

un 111 tV.* c c i r r c t  t  i i J t e e PU •  * e  e r f i i .  r.. I r. Allotted

on it piee»x 

s* u t t t i [ * * le n i

■ • >6 ' : rv .1 ,  r< V r

l ive vr{? 3,+rad  r r  q u i c k l y  r,6

r ]r - n r  i t s  t  ' r t e e a  r>: ‘ bi> v a l v e

t e l ; H-inv t e l u t» e i  j J S K .  eg .. .'I I ota i* I#  t c  p reven t  

m e t  I a . t  cur l* .® t®lr  i . n « -tee . •>#

t f l  ' ’ t ' l  t  r : F  0 .  I # e t O  C T l f t .

'.fere e«cl test  m . -r-. > .n< . \  o ' * 4 -> ’r r r , tea

e fit ,oy; y - 1 1 u n  ac. tre ,  t f i ;  ’ r e t u r e  f nd

\ "9

>ip t * en,

el. : i. f l j t c r e  repr, ui . r, # ».»» • 11 cvt-g

tween tea4- t< aHov t h o 1 r c .rrente to ♦ e t t l e , so 

t • # »ci o fr inges  wet * at* ; r • tone y, i u.-l lr

o Interfere re; . aken, r - - «' • one shot- Inp
('intrant - H # 4. Ion. • o 4 »r fet rJJrkiss

her4, t# te 1 »>en l r cever t V c c‘ m.nel elnoe the f i Hi)
11*1 t '  nr t>e ’ • t)-r r v t- inel b. r '’e rence

nf.ri . cr t e channel wiilg allow# t>a Int • y !'<• rtn re . t 

to te r v: iequectlv Hi up.

1*1 re,; ,  ' y 41 pt , 11 to

o .Lot I he (m. *,.y < ml out f or I to- yonale 

• he ct e - r . e l ,  ;» n> ♦ r ; l i e inter . « n v  t e a s  wi

.

.

n t ' If. ; t



rl,n • cv-o tf1 n s t#  v ■ r e  rend o f f  l y  m#*n# 

o '  - tre'vc!’ 111. r - ort>« p ro v id e d  v ' t h  t r e v e l  

:: *11? j rp e in  c. U r  v ? ect • s. he

n t e r i e r v t r e ^ t  term cIk *< to  « r o t a t ‘r t  P r ^ l t

s.
*1 lr t  ' e r e e f  on of  t r a v e l  A: ; l l c v f . V lth

t \ ■ c> t - n« l o> ‘ •  ».• r«pro> ' . u s t e ly  ho*' at r.t-.l the  

; erciiao. e at  oe t t ■' % dr ' t e v l i  Wj the

> Cl I pcs a r e r o e »• d of  ’ ’ e u *  e r f e r o p r * * ,

v i ■ co l  . rv >. tes t c > '11 v< re reed  o f f .  

h 6 me*n oi those  o r d ' n e t e .  then  »»ve v« o r t i U e t

00 ’ he c ‘ tunne l  c e n t r e l i n e ,  h i t  1 " r e  - " - t "  .***

' ' 1 -

f c ro f  i s; r o t !  ted u n t l l l  v  t i d ln e to r  on tl * c e n t r e  

’ t re ’uel  ei f "  «•< c

■

a m  e iui.1t.ei eeevt tr of fr vie the
.

T'n, r -n ♦he In te r fer e ; ; :  vcre • numbered
E  #

f r,r ' r.t a t  t - r t  , 11 cu l t  de the chftr.nnl t '  ‘he 

y 1 i n t e r  ; t -rcrre** r f' ir. * he 1 <v r- o over lap

on - t e  tl - 1 n t v i f e r u  r e t . r . e re  t r aced

t  r  u 1 v e  vCi 1 i t  V.  V  he  a W  of » eJtey vd

• • 1 rf vrrrr a . he IttUi ter-; :  a- ver t> en In #6 up 

m  ’he t- t i e ,  m  ».h* .. r • cv< tc  m f ve

a . • -c 1 f  I , ,  v t  I  o r  • .- .ate,'

t  eadr 11 . -  were r ei t off t ov r IN  c h a n n e l ,

1 1 »«*. 1 ... eat-- i t  <* ' f r r t  it v e i l  ' 1 ' t t u

t o  c « '• e t - i .n o l .  t i c  f  n-'v rys etr l

1 cut  t ’■ 1; c e n t r e l i n e ,  cr 1 - > r «h«. ch»r.ael

•velustec \ ' the half e it;-Tin, 'hr - rezture
t* only Veim ^ v n lu r t e d  e l  a few v e r t i c a l  e e t t l h f *

•

t r gen t re I ne w r e  a  ; 1 red where never err t



V y .

i

0« » r d tn » t « s  .>*:• I /nv*rt*<’ to  fccsl * Inch

ur t! - r a l i o * . ,

• m r '
.

y - . y* -  y

x : f x '  -  T

wh#r« x ,  v a re  *1« t e c u l r» <

£ , ' l '  r» tv« rd ' . iK te i  read  fr tk  B l e r e n e t e r  
* • y c r#  t e co- ch < in '  t* f of i he t h r o r t  cer. t i e

;n the l e r r e en -  e C*l*m c e l r w l r t e d  froi:

t>e ml i toeooye x-PHdLov t <,t •>-* r e f e r e n c e  

' rh, 01 the c' mol .o i l s .

T  the w a l e  f a c t o r ,  ; o - = f r  . waeure-  

• wntt. oi 1 he e> I t  *lii ?nsi or or: ?' « ohennel  

I t e e l /  en- on th e  i n t e r f e r e ; r a w .

"h- f t  inj eh 1f t  In u n i t -  or  f t  > « then

r-'ven >v

i ' -  ( yy -  y ) r-

r*7 t - f c

t h e r e  i t  the rrinf • nuc te r

y 0 11 Me uri,‘:: t r ted ze ro  f r  1 nge or< - rv- te

v 1 o the  fr ir :  e o r d i n e t e

b i r  the  o r i g i n a l  f r l r / r e  width

' ’ cp re o ' hr e I t  ’ n + e r  »r O' r a i , t!

ave r t  e or.. - t.e. >. t i e  f :  €» o. ( :• * ' a  * 2 ♦*

' e y n c  e t a r . - e i  vp.il ; •, he i t " '  ■ n c ry  » l r

. .♦rid* ' J e t  w< ■ -  V ( ) ,  . e .  den ' .ty

In th* ohenr.el wer coi )erer to th- d e n e l ty  U ae tH e te ly

reveyrl c o -o r f 'n  tec on the zero - rlnre were reed

o ' I t u  e  1 ‘ r r e # :  mr  *1 P o  o  v r t e f  1 v 1! * e r  .1t

I n t e r  f e n  . r r  , • «. eo rreepc  - < f r t v r e  r ' r ' f t  culd

i t  or fro: t i e  e x i t  I n t e l  f e r  i.>r». r e s u l t * ,  end

■

e e l »u1a' mm wo$ v ec ,

*n ue ln f  o umtlon 177 r e l O v L  ’

Z'uchlne hnre  nvet  * 1 eken » *t» e l t h z r  the f r in g e



.

V , t * e  - r e  f o u n r t  f r n m  t h e  f r t ft?» - i h i f t  o r  

Uf t ton 36 h V o h  ffi’-v i'* -r V  • n r

•I

The f  110 vslu^m o f  the # • n o o t« t  tp ve re  up*3

= 53.3 I  f t .  i be./ i  . <'

■ f t . V l b .

A a " 1 R % S.' '1 r 10" -rr ,

where

■ I  B

. <5^)

• c 11 1 <- - l e e r  \ r  til * -  1 M U,

Cut v«r -T» -'r - n lottlne AHMWttr -■ Vet y ir4-

1 r t  « fo r  ®e©h r  o r^ l  r

v errft n ■■ t»e p o r r* # ro n f ln *  to  t n t e e r * !  v -1 yep o f  

he 1# 11 v f#r= then  re  <"! o f f  f r  ' r  th» re  ou rvep , urM

l«i yo* »T* • * + - 4 .  • * ■'•* f t h o v ,  1 c - i r v e  o . T * .

The -*•»0fi 11 v  ̂1 on" the e e n t r e l  Vie h»< been r * ”h f r o r  

1 h te  . lo t  hrt e * h p. f  - - 11> 11 y ’ '  t  *t t  •••

.

The c o r r e e t  ton  due t o  -ou <’ • * y l e v e r  • f  feot  fo nh 

tn t» • nett . eotl n v -  ( ( n r- *.
• 4 ‘■•urtre t r  i#o eh < #n.

I f  the  f  •>* * iy  be to  b* l« r n t r o r  to end

cn#  t ‘ \ -  «• -ic 1 i - - l ,  t  - 11 v - • V r . . t o  1 oh

'u ?r by

-  1 * -1—

/», V« t I- •........1 tv

f }  v  1 h  ’ ■ -  1 1 V

M t h «. ■ a - f , , #



Tf?t*o 4#n« t t  y ucinp 60t ' n <‘urve,«' ( « f  I f )

' ’<* I 1 r,tr«l<< I n  flnr */-. n . ■»/*,

H F In fn r tu n * t* l t  i-h# e r r o r *  d'XtO thn * %i#

\ r  the  Veoh 1 oh- rxr»l, w r «  t r o  H r p e  t o

the  «oh •» -'h^nr.el t o  he *mour . t*1y e r n l u - l e S .

Tn o t 'd f r  t  ' flheoV the  t v o . a t ^ *  r l o n ^ i i t y  r>t 

t i e  ftht.-nwl, th» oh- r e l  ->*« t 'ifi 4 thr-ouRh on11 

nnrt m n-peviro no'lxa **x lot erf«r»Rr»n. w, > o0

t he  t r *  eboe* th  b reee  ohr , ,«l ^ n * ,  with  the

l l r h t  benrr »r# l  *) to  the ?l-»eii w e l l , ,  f h i e  le

e h r w  lv 17 *n«i ••••» •v-'iiuptefl i in ,

r r l  , - JV«t r o*e th -  r h - n r a  - r t t *

>

i»% 4 1 ru l , r  t o  the eheonel  * y i« .  &#v*r*i

Inc'e of  the  ?*rn no„or -tt n*t- e o u t e l j | i  xrw,

e lnee  well* were »e4* n̂<? . l o t t e d ,  and • e t r « U h t  

H n e  d r -  -n o r M t t l w  then#  - otntn .  (Curve . 11 . )

o

♦he r e q u i r e d  I ' eo t lnn .  «e t l l te  T #  *h 'vn  In " , 6 1 ,

o .  <5 d - ’ r  1 * r e *  ■>-,, I ? ,

l e x r v - M U  I - f i n i t e  ,

Tnf ln l t*  1 B te rfe reprpme wrre m i r ,  o f  the  Mee-h?

* 1 hh n n e l * ,  h*r»  nr  * * # r e I t y  e n n t o u .  * » l t h

the 1« nlty ln ,f  .**,,% : «r frtnK rJv.n ;.y e -y i t l  it

.

•

tnetew 1 ’ni’ th OhnriR,! »ytn me ei.n <6 , •;*

" I ty  ®n the  t e r c  f r 'n j t e  •- f  14 for  the * r l t  

I n t e r f e r e  r  » fr-. r the  bre rew re  # # * ,  , n4 far  th e  

thr^.e t  l o t  n f e f orreir  f r o a  th« - e e u l t *  o f  t t *  f i ­

n i t e  l t i t« r f< i  >pr«e e e t u ^ t V n  uetnr  *he r o o r r , * t -



,

< i t

'V
*• . T#,

'

:■

z  > i t

c

%

.

•• riA v« h «r • ' Purv* " • T ' « *

y*lU4 .  r-  -» n,r r*mt*a for ^ n n f r y  X n y r  

b e f n r r ,

" h* ’ •><*► 3 I , f * r f « r r » r * » *  "r*  •fn In H(l*

40 >0 >n t n r e t h - r  ' t h  t h e  »«r« - .n n iP tu r t - a  5n- 

t e r f - r o v r e w e .  In th e  i t  i t  e e n t M n ,  th  O n e t t r  

p r ^ V n t  1« not. e u f f l c l *  t  t o  -nOufle «<• «wh

»

.

•

The o e re l t y  on t h .  xere f r i n g e  b*er, e e t i m . t . a  

f ro -  th Mil pr -eevr* i t  ■•■I* -< . - ' *

.

m  the c o r r e o t  f r e t  e ' t ee*» Oo n s l t f , ’ he 

bnvT’^nry !#• yer  n o r r e e t l o n  f . " t o p  o t  t h l e  ®g|l 0 " 

h-» b . e n  e u b l r» e t» 4  from t h l e  r tene l ty ,  the r * -  

RVl t  w,*d to  *valu  t .  t h .  m .n e l ty  on the  o ther  

f r U p . e .  c r f . o t i o n  e r e  « if-"'  t o  t h .

e e l o u l e t e f  f . n . l t v  to  c W .  th» o n r r e o t ->  - i -n » t te .

. '

n. 16 .

t

1 ,1  P ' r i t v  v n a y t ^ ^ C i L ^ u :

Petiei ty  eon tour*  ere  whown u 'fhen * f l n l t *  

i n t . r f e r o e r n w  .nd  I t e  r . r o  i n t . r f e r e f r - e  »r»

,

h , , n  „ r i p .  ** A % uelnrt o . l t l v e  - r i m , . .

i . l  t r '  . e .  - - v e n t ' " #  ‘ ' t i l e  n t  o<‘
Eweint t n f t r l t .  f r i n « . e  V th-t error* due to

- ■ s F  ' '



pXnvr oh- riel  f - n e  » " f a u l t y  i m e r f ^ r o , .  . ^ r

’| 1,0  ••' • t 1 o ■ I v r • ' f r ' i  II

by wovln;' th -  V:*»> f*r,- -r- r< l u t l v r  to  *̂ <?h

c t  r 11 • a i v fm t l c n  • hrmwl to  t*'» ■ 1 \ • turV^jl

fr i*v *e, t-ir evr-vi»rw o n • * «■ ■ ■ « ter h-iv*

u; «■ tovn th* n-i- rt.iet, thu» e r a l t t t n r  « o t -

,.. u r * 1 V np *-flreri o e i t i o n ,  r  ««ii7

' vmti r f oont  m  ̂ t r  t  found.  h«*# 

eontoUf* h <-*n evmlWfted in  AHeetty th*- ****

tv « the  .n f l  I t *  f r t  - c< t  o r* .  ‘ # * u l t e  

-y p .n ' »bl o.  0 ; 11 on-’ i l n f  »'d In

0 urv* bn.  35 fn r  th* «nh rh*nn* l ,  - r--i c:»rvt 

■*- * r  • '• * -mk h - h -  -1 . h* eh '

Inn ho# h»*r b*##f »« rh« f 1n t t *  f r i n r *  *V*1u«

1 .4  ’■■■-i»n^jjL-LnYf r  "v-.'yr.t.l^ja
r h *  b o u n d a r y  1 y®r env* •’ 1* 0  #v»  u »

I

Many or.OTdlnmtf# '*r* r*~d o f f  dnnn- » <ih frlflrt 
t o  . #y%l«, I ' d  t'- tir> v i c i n i t y  :>f th« ' r - r ,  ph* -  

p#l  - I t* ,  ■■ i h p' -rr** • n |!c *fi l* u -

i f.t *d • e I * r ’r * .  r--»o * i t y  r o f V  *e in th* “ «oh ?

rh  0*1 nr* 1 * n * Urnt 1 f r  I  hor l  Onl t n#P • -  

t t v e  lot* r f - r o p n * h  vni) oov* in  the  thro-»t 

and e x i t  o e o t t  'n*.  It: '*» 4#*ur A t h -1 the e r r  or*

-

l *jly rf feU ov*r thy i»h r t  d le tene*  ory»r»d by the

.

0

■
ehenn*! ••-'lie

\

<
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■BBSS9BH
Itj *“•« »ii' t  the a i ’. e l t y  the r t r

(ltd /vn « t t  r « r r '• r i t b l y  ov r  th# fle-* c - v ?  a*

V'.jr th» f r V  * t r  th** boundary 1 «,**?* mo Shmt th« 

vmr i - t t  rn in  y ee«or  "tndt--. o m M  h* n«»-1 « n t . ’

-rid th« hound rv  V y * r  # e r » l t v  - r - f t V  ' o t t ed  

" » trmi d t ' t  ir\r» frnr ♦ h» nh-,nn»1 •'•’ 11 ' t r m e t l f .

I t h *  o f  th" 1 c h a r n * t , th» v ^ l l l

<tJv« r r * r r  r  I d l y ,  A*'' th»  r  - ' o-nr- ' In-1 • -rich

.

6*1i  e r r  - • 6*1* curve o f  th> v * i ’ o c  t- u r  vr« r**n,

nr t» ' o l n t  -v.«r- th e  f? * t  th- mil v r ' '  ' d .

Th* e,' r * efl t lcn  * v # f  v»m« then  th* dtfltmru'* b*tv*#n 

the r o o - r rd tn r . t*  o f  t h t r  r e t : "  •ru’ thi • ord tnet®

- r  th- -.11 t  th* «r Ir, f  nr i • ♦*•.

r w i t *  ■ r > ehnvn tn I*b l*  No. 13 • %2 #*»<t 

l o t t p f  1 6ur V - - . 7 >>•. • X I " « . I*

h e l e  v ’ - *el. > nhr «*i ' 11 on th* &» #>• '-'11*,

n- . I*  ; live O’ the 1 W* "11 *(" ' 1 * - , *) "h*

l o t t e d  t eV’- r ,  • «•* curve*  ....... . - ‘ t

, %

»t 'O t ly ,  - r> I t  ^  T g , r  f ' ' r * •• •** ‘■ee.'rr -d t h * t

th* botti deny l*y« '  ' n t h* rrl *r y » l l *  t r " v * r **(1 by 

th* 1 ip h t  b**"r i* <-'r»ntt v ml * 11 ar  t o  t h * t  on ♦*• 

hr- ee A t *  ehl^h h « b ' » evmltir t*<9. "h* '• fud-

nrv 1 «>v*r o r r * 6t  1 on f* o to r  '••n t h e r e f o r #  h* found,  

f r o r  r »o tV 'n  JO(Ch*rt*r  711

f /
■ - ( * ) . »

'

X



5 0

' «• ’ h» -> «• 11 #

-  ' 1 r -letty

-tnrt ttt< \ n* »«-r I l» r# - *P#nt*d Xy the t r # *

V^rtep Th* mv -' ty Tprar  curve ;n - t  •« o f  the 

ft*” * M r - . - -  d* M t y .  « « "  vm , «n

urcO r/ 1 'he  c r r e c t l - w  f e t  r e  f->unfl. ^  > ‘ e u l t e  

r 1 'tv*- in . * . 1* o. 1 . Curves .f c r r e e t l - ' n

f e e t  >r v- rf  ue r l e t  oe s to r  th e  ehenne l  h*ve 

'  h r> vn, -i «)■ the r  • ulr« c o r r e o t t» f l  f e c to r*  

Den e ’•eefl from t h e e # . (Cnrv* 1. ’>0)

-to e c t t  ' t*  of  th» -O' nr--ry 1 -yer  th lekneee

a *i ft-om ♦h t'-'.-i' -fopy X • - ■- - -t* o le  r f l l - c ,  

the ihlokn*#* « c - p ln r  In B#h ll*r#P Ie fu re*  w»e

'"V" -ceFur»<l f r o r  - Iff. f>. h#«# r* eh-vn In

~*b1 '"f. 15 enr p lo t r - . r ’ r e f-. --rt V.iv o f  the

   * - vr, ♦he e h i g a #  in < v  o. hi.

■■ m

 U ^ L H L - L . .  •

•11 r r e c c u r* *  »t th e  r«e«ur»  ho le r  «re r-cfl

I  the • t ' -e  t i  e • e In '  •'v#ero$>r-f-e F i r . 15 i,<S

V  * 17.

J f  I t  ipcy be oeew n t h » t  th  r«<**upcr

th  r t  i t  nr ree i’ure u ry  l a y e r ,  eM  i f  f i» _

be feunh fpoir the l e e n t r  tplo r » l « t I r n r .

i / s

f  = i • • m l -  • <5=1

-h ' •  euheePl t  o • f«r r  to  • ♦ - y n - t l o n  oeoi t l .

t t  ' * ■- • -r r ;  | .

The • »n il t- f l e e t  1 ♦ - ' 1 . e 1#1 t 10 - > ‘I

1 e t t c ' 1 i n  f l u r v *  » * ,  ' t 5  A  t *  • —  - t h » r  w i t h  v r - l v  e  

h"» V i t » r f > r r - e tr t>* -U y ,  ' rr ...........«-« . ' -net

■ r
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t » . o r 7 ,

"to '• •eV t*!? • o M l b l *  e r r c r  <*ue to  » ■•«•-»»»- l r  

r * t t u r .  v o r i F t t o n ,  a * r r l*T  of  t -  t -  w r *  m n

.

! he« v-.lu»r nr« l o t  tec  tn  Curve o.  1 .

OrtpV » l l y  h -1*m ,# r#  d r i l l s  I n to  . I t*

»re rath#"" \« ro»  r nr 

e r s l  *r* ohl ed har, r

lnnV '» .  'h«e« #1V  w. v* t  ■

Th*. r v a l l t *  o f  th#  t  u« 1 • t h r e * ■■ *r»

f * M e i  and h iva  >'»-« 1. <ili o

*f f o o t  o f  the a l ee  *nd ah*i « o f  h 1* on th»

"  ' r ». * h --"It" ••'• v th - t i c  I

r l  #,  wel l#  w*re ' 11 -nfl th  r., t h* f#

.

»l*o run * l t h  l a i n  o i t l e a l  u le*a  w r n a  r l t h o u t  

r e  e r u r e  hi 1 - a , nr, ih»sa  - r a  t»d ■'#.

t o  chaelr the * f f » o t  of  the holee u on the 

f l o v ,  ' nu o f  I n te r f e ^ o e ro m e ,  e o h l t e r e n

e I ,  t
■ a

n t h  the ehonne l  i n  i t f  normal fj .  

•  I t l o n  tr.d a l e e  #l t h  th# channel  tu rned  th rough• I t l o n  tr

l* J L £ Z £ l^

Po # arm flolelouphf » f .  lb )h*v« ue*4 «r« - t i r  «n4 

t o t n l  he*d prot-ee tn ne**nr« t h ” f lew  

til t l  -ielt «lv  n t h  t h e  i n t e n t i o n  o f  nainp » Y,rh_

• t e n .  e h e e k  the v -1 i d l t v  if  ee lnp  n » t « t l o

robe in t h t e  r ne,  « ntieit*r i f  %*«*«- were run 

w i t h  t h e r e  r n b e e  I n  t he in oh  P ohfin »T uo » r  

nr m t t l  e elml!  r to  f t  re , r - '** l l ln#  f r |  h» 

i | 4 « r f a r n - e t « r  t - t r . " h, robes  v»r» • ■ o ^ t •<

hr  th r  e roee  e l i d e ,  b r « e ' u r « r  . - , r ,

ra»d on a - e r e u r r  manometer fo r  the n t a t l e  r roba ,

■ 1
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1

5 ?

rp,'1 9 t e * t  :.";P f<1» the tf .t-  t he - -1 rob o ,  '' 

r robee  were e ^ r - f u l l v  m l l r rd  « r e l l * l  to  th*  

ehw.nel  f r ln  l td  •'v b»t th#  p;V«s /  11",  md

fioved t o  » o»111 on ne• r  am# brma# well  « t  th#

.

'  » r t  f f  t h i e  t c tu » »  the  V V t l " l

rco#  r o n t tS rA f  Th# # l r  v»p tu rned  or  nd r rob* 

■flyeF#u'-i* ’’MwS'dkth th# • * t  ve r too#  ; *, r l -  

t  \ - r- p e c r i s o  »n<1 dr ri th -  oho nr. #11 *,t th# ‘ fid

o f  th#  run ' n o t h e r  l e t u r #  vee t»v*n to f t *  the 

ftnoT o f  th "  m b * .  I n t . d t « t e  r n e l -

'd tnpF  on tb#  ore*#t lon*  "out^ h* found ft 

#1 Id#*.

T#ft# .ror* run In th*  #1 •• nd *2 ehenne l r  w ith

-

.

h*v« b»on ; l o t t e d  on t h e i r  c o r r . *  o r d l i v  e ros* 

no c t to n  • « ’. ’>•# iJBjurv* e >. * J- '*?.

* r**»* w*» 'orowF e- »al eet l on hntr*

been t#keri .

» t » t t o  t robe r r e e e u r e *  hews l»*en eonter  ted  to  

< - n e t t l e *  uelnp th e  l e e n t r o t  to r e l r t l o n e  *e be*

f r.r* , 1 l o t  t \ f l  * V# ' I S .  ('?'>' 1 • . ? 1 )

?h* r###ur# r» d by th« t >#t * » #mrr#*

et.ond* to th* etepn-tten r#**tsree fg b*htnd * 

r o r - i t  #h(?o> 4-M*#, "nd h'-v# h*en *.-»inet

d ’ t -n o e  dowr th "  oh^nnel in  Cure* r o.

$T"bi# o. 2? A 71)

To pie#  #' d* '  of th  i n f l iieilei of  th* ] rone 

on th* flow, 0 e#rl»« o f  S o h l l e r e n  l o t u r r e #  

t * t * n  w i th  • ' f l h  i no>;# I n  onflow# r o e l t t p n e  -.arn»* 

th -  oh»nn*l.  Three *-re ehawn in  r i p ,  5&-<7

If th* #t*fn tlon preeewr# end the fr«# #tr*e# 
known, th* fro# *tr* -r oh number

-

: r

■ # J U
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I r i r v’ - f t t "  >
r V i

. . ( f l )

w

» *

_
p,

P,' '. l l  r e r f < *f t# r  n pi • ne

I t  h"# b*»r *#*<.- f t h i t  the  r*»wwr*» r«<'4

t th» v»r$ tap# anrt t i e  ■ refc# n o r r * *  t o  

j ^ . The e t ^ ' n  t l o n  r r»p*ure"  -t. t 1- 6 ee ^n 9 ir .p .

r*  1 1 t r r  • h=v» V® n r -tv f r  >- Curve h?,  n<1 the

wmek IS  7—- «1 f ry#  C n p u t a t l o r .  ”urwer 1 otMr- the

.

.

JUULU.
The t  oh lo .  »f th* f". 1 » v b ®»t ' - 1« ' fr«

th* ahook wove *nel# oh s ooo* In the  f l  ’ A

e e r t e a  o f  mmne® with  d i f f e r e n t  •» e r  enpie* vere  

I n e e r t e e  I n t o  the orktn^ s o e t l e e  r f  th* oh^nnele 

•nC S e h l l » r t n  l e t u r  \ t  ven.  The "h ok »ve 

m n p l e e  t h t a  tie • ev* eh  u® I  t h e  t r r v » i  - i n *

e l e r o e e n i  e th* p r a C w te #  r i l e t l r p  t a b l e .

• T * e  r *r v e  f  t* t* >re r  »tth fhe ®oh ?

oh. -  1 i*lnr  n , I , . ' " ’ f ' a # *  " M # * ,  r

.

®ble ?J * ?6.
T»* |s  ware *1*0 r-' ’" a l l t  h t t y  h leh  m e

low - - t e r v o l r  r*e* ti ree ,  » "  v* 1 no the  ah-f1

r*-- >  t n e t e  id of  8e h l l e r * n  In the v»eh ? ch an n e l .  

* h.» • « ' **nV "  - r e  •' h" rr, I* ’ n>.le I .  7.  A t v r -

1o*l a e t  f  < ' r.# t e a t #  V  «h wn In Fl ■. M - ?  .

r  oomt Ut atlOP(*  >' ) The b -eh  o.  we 

eurvee  l o t t i n g  th* T a y l o r - ' a n g o l l  f o l e t l * #  fo r

h- • - f «* ( ( . ! ' ) •



%

n J n %9 T f * .

eer f a r  v»r l  u* f r l

i & x l & r - L

_\rrur>r*r-y

": h* »*lt* ** elva> y * u t l  n# *n»

• rf- ...............,• l„

w i l l  tow < a l l f t*sse»d .

e n t  *?roT ir  i n x o l v  d in  e v s lu « t  ten,  

■  1 ,  • f m *Jjn "t

O '  f r  1 ••-. • .  y - «■ r '  1 1 •

' '** f r ’ • **, th» yn o e r tw ln ty  In te rv w l  Hap M***

" * t l~  ■ <1 to  b» « 0 ,05  #>!■ P t  "10th*. ThlP I*

th * .

(b) ’ 1 r a  *r ' -ore

0 l-*»rr# n'-.wbwr af r* Ulna* w#r* ttk,r  

frl nr--s tn r«r© Krtwrfsrorr*
.

obi tour I  y i ‘̂ eai t l  e r r o r * ,  f r l  nr •  o i 3. r i » t v r t  m#

'

the  e n t i r e  f i*  i.

t l o n l l  th« ur*

on« to  f>v*rt p « e o t  «n)

It btf • Mljre d 

tl## w e  Fufflettn
i I f r t  ■•>'* r i o r * i  * i, *# ’ t a M u t lM e  t

t k#. Iret rt.r aurr-nt#, frln ? \ n  »■ f

Co) Two <tt •*ei1#tÔ  "lllty. 
in

e ro lv h l  9  bow *»ry V v » r  • •  f o u r 4 • -> t 1 »r , 

th e n  ^  r . ‘!r vrw# o.  1*», I t  1» | »  - 0»1#

t o  « - t r  ' - e l - t *  t h t » » "Olt to  to# «th"fnn*l

"IthruF i tHl* *rtr *jei*tl#n ,itet be r*lV< | n

: rgmt
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.

to  tftf e r r i r  l r  which l« <?r >t«r th*»

X 0 , 5  % n o  t h f t t  t n l P  1 1 1  *;<* • w « f *  v i l u e  t r  n f  » .

(#) r •• f r  n o t i o n .

5. * 1

/

z
♦

CV»r t h '  l r r p » r  o r t l o n  of  t h i  eh- • *1, the

C e r e l t f  • : -d t e n t  Is  v rv - " i l l .

t h e  «Lt»r*fle a t » t f > r t l o r  <liw to  «i*n*t 

l e n t  t* plver. :'V «*.u t l o n  ■ll. Oeln t "" -  - v-

l*wm v«i1 .» - f * l t y  p r n a i e r t  foen  fr<

houT •'"»rv own?#*, I . * ,  b e , / < m , ‘t , / l  o ,

.

J«- c-f th-  -.r '■ r- i f  h , ?  y Inch*" .

Tho >r«lf vS i th  ». o f  tho e e n t r e l  meirtiiwa of  the 

•S l f f ree t lo r t  t "  m  o f  th» V n «  In t h t r  eer* t* 

fif t h “ or *r of  1 .5  * IQ* \ n e h e e ,  o !»-» » *1*- 

t o r t l o n  v T h  -r * f o r e  1- If rneu l*

hi Ide  t r u e  f o r  P e h l l e r e n  o# ^ e l l ,  «o th -1  bound- 

- ry  Ir.ye r lhl«knee**»« 0»n e -w surefl f r  m 

’y h l l f r e r  l o t u i  » w ith  oonf't V n ee .

■

i n e  u r i  r  I n  A n » l t f  f u «  t o  r  * f.* - e t l o n  I f  i *

I v u t l m  4 6 .  The e r r o p r  f r>  v r ’ o u e  ' r  ■ - ' l e n t e

f eu - ' 1 In the  f l i v  »ni  ) ' u r o - r y  l»jr*P &*** b' on 

.

-vr n> ■ > t » f r ^ r  11n .
"

n r n J

■ f

k V

vbi s„j

r

’"l ft*'nee '>nr
T^ r *'*-1

>-  f H y  n ’OP

(*) t v ^ r p , r t  i v  nt 

The e r r o r  In 1 t h  l~n#*h due to  4lv<tt*«fnt I l f

1 iv -"  t-y " u t i o n  54.

t r to ett* >noHb*f» . r. y e l Inai tw Wk

O.-'hl

'

■ / . ' ■'
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th l *  \n» errorn  ve h e m  a t l o u l ' t  for

,

fcrror* du# t*> Divergent  Light

<* XA@8 *r*d f 
f l t t . f t .  / I t i . / l t  oh

P J
*10*  lneh#»

0.05

0 .5

1 .0  

1 .5

2.0

r . o  

? . ?

4 . 4  

5.<
^ . c

5 *7* e r ln t t n e t i n g  on *14* - f  the  e* n t r#

of  th* bi e r t u r *  w i l l  r  ><Suo* frlnff »* 4 iP t ; - |h n te 4  

or  # l t h « r  wide o f  th»  r e n t r ^ l  one, en l  the  t ^ t o l

' I  v  be t o g h t n -  Of th* f f l r  e bv 

f*6toe rou g h ly  %r1 e» th o t  o f  the v* lue  In th*

1 * t  f i ' l u - n .  t h i s  te  ow rM n lh le  f o r  r*d l*ntB 

en rou i .V red  ou t* Ide  o f  the bound ry  l e y ^ r*  „n4 

ehoov •■' o, bu t  moy oevee f r  inge* to  o v e r1, - :

-nd v* ohneured In »re«e of  l r r » e  d e n e t ty  * r» 4.  

l e n t .  I t  l e  fo r  t h l *  r e - e o n  t h e t  f r in g e #  o f t e n  

hev# oor v i e i t  l l i t y  m  t own' r y  l e y e r r  -nr  - e T  

**eek '***,  ven rher, th< r -  - i  o f  t h '  f i e l d  

; i l e ’y .  The s f fe& t  o«n he re we*4 bv > lu«l  tg 

t h c t o r t u r e .

f r in g e *  reduced by rejrg on e i t h e r  eld#  o f  

the  e e n t r e l  r ey  * * ne t  n e a e m e r l l y  d l e t r l b u t e d  

• v e n l y  *b*ut th-- o e n t r * !  f r i n g e ,  end th» "**1$.

'

Vh* r e e u l  t e n t  * h l f t  1 1  ̂ -rob-=blv E#e*  tfv»n 

I / 1* of  Th* eet loum eh! f t  «o~ v t*d " ' v e ,  nr In 

t h '  h t r h e e t  d e n e l ty  r t l o n t ,  I**# t^«n Q.0P 

f r ’ m • f ld t h .  Owier th.-** c-.-d i t  t # i ,  ,**

vn- 'ld b-- v»rv 1 - d) - t t r o t ,  th * -#  f a u l d  I.# a

h ig h e r  v n e t r t * V t t y  in ?« aur*e#n%.

•>



B '
M b t n l n « r  tl '  ;r- In y on - 11 n-

•h# »• u ’ '■ •> th" r » * v l t e r . t  -iflVH tn t j r

V i • " v  1 I f 6.11 f r W e  W th .

I l J —Za *
(») r r ln«w 8 In t i l l  ’ ll*.

,

vmlu# o f  y0 V»e t-kwn to b« th»  over#Ate o r -  

d l n ' t *  o f  the  ee ro  f r l i -»••* m i t i l d e  th e  « l r  J o t

l e e u l r y  fi'ni* the  ohmnnel. The ueetl '>n *rtweF 

tf vhetney the ®tr In t h l e  r e g i o n  le  r u l y  

el. t io r .« ry  nd e t  the  no flow A er .a l ty . 1 he 

, e r e  f p l . .?» * o r l * l n e l l y  e t r a t - i h t  t »  w i th i n

th- •eew-Mjr r c r l o u e l y  a ieeuoeef l .  DKi -yplh « t l c e  

ph<«e« t h l e  f r l r iP 4 t o  be u l l g h t l y  otirr»<! t  

th« ohm-" e l  I t  o t i t n l - * the  j e t  h o u n d . r t f r .

r t r e p o t  s t i n g  t*1 ourv t u r e v e . y  fir on the  J o t ,  

I t  o w l "  t h a t  1 : y 0  v n l w t  J L o  I * r r -T

to  th*  # -n * r  o f  o . U  f r i n g e  w id th .

(b)  U » -  * fr.  o V'#» end nt ne * t t>  r —
t ,

v v a lu e  ft-r- tfc® th - 'oe t  I n t e r f e r g g y * #  tee
Q
».t rro-n th* f r t n c n  i h t f t  four If tg» E 

• f i t  l i -«*rf« royr-m.  Thl« 1 w v ' v ^ e  th>» ur-o f -  

u m t y  i n t s r v a i  o f  t h  t . - l  I n W f f e f e g r #  es»Alt, 

i n  ‘. d d t t U - i  to  t -  - oAeWt iieAjy invo lved  in  Wtnhr-

»

taken t«  M £  # .C , frs i-nhn.

1 .3  *
The f r in g e  width w»3 t  he# * th* neeh < f  •'

l - r p  guef lw  o f  '  c n n e i d e r a b ie

I ,  V V lv-A due t o  thf. ! l f  f i r  I fy  i f i t l -  

Inf the  c e n t r e  of  *h- $>tnp#», Th? u ro o f -  

AhlT J t e r - e l  W'.|jt.*Ven «n tw I* u»l t« th e  

»v! »t ton of •’ r i f -U o**
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i l e h  i i i r i ■ in ' ter tml t t  Inletv»»X o f  ? . 5  •

— 1
• v meeeuret r tn t ,  *h» f l le^nel  '■W! i f

the  e^w #1 v#re  to '1 t h i n  «g

r>r i .o fl*  on ’ h* f l l e f f  t o  el'**" H r *1 n lon .

’ , < - ■ o r |->g. --  ̂■i’’ «« .

t r o e  h e r l e  r s o e u r -  tem- ere t o r e  were 

' ,

H HI E■*h» i •• »4 lnve oorr  «? ^nCmA t o  - I t h l n  +  «3 o f
is  k I

th» '■•••M -it " i r  t'-' iidltv.'-f*.

f-n# rv l r  «our» «- read  to  0 . 2$ ml. ,

It vw* weeui»*fl th f th* r mdlnpr r» \ thin

— 0 . 4  f t  • t f u r  • #»rv lr r « ’ i r e ,  e r -
-
v o i r  t*».  e m t n r e  v< «i *eeu e< to  be ec;i;« 1 to

.

Irdlf i  »te t h i j ^ a i e  " r a i d  be e l l p h t l y  h l p h . m d  

on t y i.i* «yv -.i @f _  1 . 51 '»»o #e*loR#4

on t h l o  b e e l e .

1 , f n r md- ry  ? r  r - r r « o t i o n .

~ c o r r e c t i o n  " i1 led  to  th* ebe**-v,,e **r.«l ty 

V  i t**’I f  r o t  +- *.ot, be ing  r ' i r  mt*d ‘V r"  i  wv»

.

• o r n e r  " f f ^ o t ,  tb dor" n i l  n t the hriipd- 

e fy  l e y e r  ou rv f  1* d i f f i c u l t  to  f ind* ver vin,'

from t* ro  «t he v 11 to  th e  f u l l  o o r r e e t t e n  In

.

10f , «o th  t  *l " r**» under  the curve  " v hr

to I ■ c r u r  te  to  r l t b ln  — 5^ .   ̂e f r o o t l ; n

■

e e r t e l n t /  I n t - r v » l  f o r  tho o o r r *01ion i n t e c e l  

da y b» t ' b e n  19 6? 1 the voret  c o n d i t i o n ,  or

f;-r th r  1 nh f  ehr r *1, ! ThlwBkll l  oorr***

-f . 1  1V’1
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dot:* I t y .

L"''' V «>nt o r - ' f t n a  V y ,

1

., I '..fh*, B  t« »r e the -i

^Vl • '••• - , r r * ' ' r , f l n K te#r» '  1 tjr Ini » rv* ls

* h , „ J v -      , .

C l )

Fr -r « v n t ln n  <9
m* - * f .  I f i . )

‘ t  «  1 4 ° !  T  {Hfj '  T  | :

fMT V »• r \  - ••>-- v0 t o  Nt 9 . 7* vhere  y ,  = ? . i "  

i n  th« e x i t  l n t * r r e r o p r * e .  Thw 1 r ? * r t  « r r o r  

t y :  C.7* nnfl ^ n r -  -t n . lv .

?hl«i w i i )  a l e o  V” th* fluS-’ea u n e « r t « l r t j r  fo r

1 h* t '"rff<’t  * r ,  V f r e e

.
v l l l ’ y o , h? f r i , r l d t h e ,

h # u , c e r * » l r . t f  l n t - r v » l  i ,  xA> thus  , „ r l „  

fro^ j  v-ur 9.9?  f r V -  r lf l th t  r t t ,  to  0 . 5

f r tn p *  - I d th e i r  t ., t ^ r e . t ,  the t  r V h l ^  uni,» r „

' ' ' '  »"*l:  l r  i* t t h  II ftort. t r  tv In i „

y-f e o u - n o r  hfl, t h l *  U o l l w  ,m e » f r* ln t y
In the

h* u n c e r t a i n t y  due to J* t * f  j*

>» =
) ‘ 

F l v I
' . 2 P ,  V>,-4

TM<: 1" 1 V V 1#.

?h* v n e o f V i h t y  I n t e r v a l .  i n d e n ^ f l  v i r t o u .

foot o r .  t • ivirt #1 .

,

--
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i rc -r  r • i.; ry : y -1* i ' "

6 0
-

rrc-r In f i r * " r  or  In - u n ^ r y  l# y # r

f 9 1 r *' I f f
* e f r i» e t t ,’n

? Iffht
nun? 'V 1 <iyer

*/
■ rntf> th» t  --et th» r* c l 3*t »-i •*n*tty

1 ,  m «  T-y iv, r *  - 1 t h I n  1 o f  th» ♦h'C’- - ' t i n  I  ' « l u e  

;»o t , » 1, 1 h -t -O'1 o f  oh •: r v i w t l c %  nd ” t  

%. *t r t  Of th lF  -IOV In V t o  t'.M fon t

th t  th 1 »-l fl 'f not « ' iet.lv fe^ 'w  rhe
n  - lot ■ tr.eor t t r » l  f l o v .  I t  V ih - r  for* lo i ' -

lP 1 t o  - i x f .  r -t t h  t  Vtn u n o n r t  V i t y  I n ’ n j v n l  of  

i . - I t  <i"r • 1 ! • * ,  n r  I  ’ , r -

flert* Int v lnt*r *1 of 3 to * hr '1 ’• Vth

I* . ' c»", ' nl I ' l t '  lr  ' »,:?h - urJcfT:.
r t n p r Sf «■ th* unew r tn in tv

1r t* r -  - ' 1 ' Ofth •••*• «• «r  v \11 >*v

whir*

e l .  Of 0 , ? 5  <
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Mpre* 1 1 s# »• * V v, • f r  *  ̂* >1 *rt* 11 f

* r r o r .

/

X

L l.J.sJ *  r l i e  , i n _
" iusv* " 1 r e  fl y fount* th* r»> I f  m

i - ■ « r ' n t r  o f  i  C«C'» f r ? n ■ tfae gy# t r  o r l -

~v'v ? ir , j_ i),)U ft *, e -i th»

unc»ri  I n t j  In m- Thlf lv«t* r* u l -

t«’ t  u .e*i • I n t y  m t « r v  1 r f  » 0 . $6 f r l  tO th i ,

o r  i f  th* f ? n " l l y  t een fM »r  ■ <1 t  n i n t ,  the r*

*111 ** i innnrT in t v  In* - rv * '  m  -=■ , " l t y  o f  0 , 5'  . 

by fnn.f t l  ?n 40• **r th* <*«h 1 r . .m-i, f* < —^

frIn# 4 v M t h .

th* #*• - f t t y  l* frrwr u'-Hcm

? -  fo r  * f r l  p «

Th* t o v  1 u f '*r t  i . ' t y  lor  rv- 1 In > n f I t y

r
) j -r

.

X-r o’- » to i.) • l«' Uv t r  W #  i > #..• 

t / i  v - I  con^ i tone  h » been « lou l  t e a  rr -? t f b l e i

 ̂ .

h i

.

for  on ■ y t r * v - f *V0 frl**- ee

djc r  A. 5

or

the 0 Of t * "• ho f] "»1, ;*V" 1,11

.
"'he v o*ri  i r t  v t n t  rr<il **111 ' th* t rio*r—

t e l n t t  O ' 1 ou t  - t '<* - ov* , ••• --*•» 1 nefl -1 th  th *  t tV- 

"r t *V ty  In 1 h* r e f e r  re*  '*«n» 1 tT,  r-ijnr |  

o t 1 1 '’ • «
 _

>

'
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,1 »1: '.i.z  ".ir. . t&AAc jrei, g£
Thf ei»no«et*r  f>rrur#»cv r.ey be taXir  to  i>e the 

c a p l l l l e r y  e r r o r  fo r  e e r c v r y ,  whteh In th l*  

o«»e te  *  0.05* or  'J. -- ' • ' .

In  a d d i t i o n  t h e r e  1* « f ix e d  e r r o r  f o r  * Rlr*n 

t a p ,  " t e r r l n e d  by i t s  ehepe en-i e i * e ,  r. "■ oy the

eonneotlr-;- t v M n p .  o u u e n t l t n t i v e  work eppenrs  to  

h r t e  h*«n done for • • p e r e o n i o  flow, n l though  th* e r r o r  

fo r  » o ' " o n l r  flow esn u r > r  o « r t e i r  e o n d i t i o n e  be-  

oewe r ' m l f i c s r t .  ( * f . l  ) .  ' n  - ' i t i o n a l  f i x ' d  e r r o r  

r»T b involved  bv eetj-’inn the  wel l  r r e e e n r e  t o  be

e Del rvv»  " t r e e ' *r«" L-* .  b-  "" O'* e r r o r

w i l l  >.* r » f e r r *4  t f  -»pel •>- '' xter.

"h» e e t i r e t e d  *f*rvreey o f  the  i«reewure rue^w
SaH

u*» I r*e«eur*-*nt war " ,? 1  " I .  or \

Ir, t h i «  e*»e», m M r * '  e r r o r  -rev be 1 t rodunef  

„« b e f o r e ,  end t h i s  i l l  r l a o  be 41 eoue<-*-l let***.

n»« v*r r  i rou  4 to  w i t h i n  .1  o f  r. " i r r l  

e r i f l e • ‘ he ur 'C-rV-ln ty in  »«*eure emt w*» of  the

or- e r  o f  from r r  -ate<* •••-*''nurw--' r t f ,  f r  '

ooru-mot ive  ru n e ,  -hici rlv**- en u « o » r t e l r t v  i - te rw el  

I r  ihe  "eeh * o,  o f  e r  ut I # ,

>hot r  rnph io  d i e t o r t l r -  ehoul^ be o h e e r t ,  n® 

(f ieeueee# under r e f r e o t  i r n ,  en the r, " t n  unc® r te tn tv  

1 1 in e e t tm e tV  r ‘ he r o » i t l o r  o f  the r nl f r o n t ,  

r e r e m l  ehedO' >re*e w^re t»>»n for or^i  e r V e  , «t, t e

r e s u l t s  ver* e r r e t i e , •  1 1 hougfh the chock f r  - * le 

more e h e r r l v  d e f i n e d .  Thl»  1® no dnUbt  A\i» t o  f h- 

nt th»>t fo r  ehedowpfeme th* r l e t *  1# moved from 

the fOC el  T l i 'h t ,  er  1 r« f r a c t i o n  t h*re fo- f i '  Oeuee
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Dlscuofilon o f  r e s u l t *

. V •em K

• ' /

l_t - \  Y \ .

The re ieu l te  ob ta ined  in  t » * t e  h**v» be®n n r " -  

*r **' to  r h f low r  " lo t  by ♦ h - o r y . The t h * o r -  

«1 «innlviile hs r  b«>«m e - i r r f v '  out - 1 T0 i i OVe .

. 1 C h -T - . rT . - j rT l r  1' b* h ry .

The «lrr 1 •  of "O -ure te  fo r  e tvo

f l tmire lnnel  f low r u b i e r  %uoh «* f low In o

enn*'1 t r  th C he r - 'p T * r f f t io  he thorf ( ’ ° t .  17 ) .

• M«eh n“ t  To* t h*  bneh 2 ohon *1 > « dr*wn

i n r l / ?  e ri n e l o n  en /r l1 lnoT*ir-ente(Curve 0 . 45 )
6

nf f o r  th- booh 3 ehnnne 1 u r i n e  i p  »y: ' n e i o n  

11 i* Incr  ;itp(Curve* 0 , 4 ) .  A Be--1-etriv h-

•>1 method unin^ en^e o f  the  »l»mentP o f  the 

n * l y t l o e l  - » thefl o f  5h- I ro  mr* ' .del rrn( ' --»f .  l °5 

v e  ve#6  t o  f ;* ed  up the wor%. A l e r u e  e o - l e  

rouph Me oh »t v ? ornwi; out ,  ’.in I no no s 0 - l e , ®nd

.

The oorree i  - n d r t ’ d e n e l tv  r ^ t l o ,  "noh nurber  end 

ech •nr1 * c«n th e n  >1* norou ted  ond h'>v»- been 

tv*n \rt f .  I f  • re-Todueed  In T"b!e ’ o.  ?fl.

• t*"d  o f  ee lo u l« i t ln e  e n - o r d l n e t o * o f  th* Veeh

t , « eomewhet 1e«« ro o u r* te  hut ruoh nor# r n - Id 

e u l t  v-n o b ta in ed  by ' y  v lnp  th* V»oh ' e t  t o  

- 1* n r l n r  rh -- v  lu»<- o f  th»  ’, '»r h - in' f le . bu® 

th» fnot  to  t  t h  oh'-nnel i« **etpn*d to  r**oh

* "Im T h  ;iitV.er • f tp  r » v * r t l  r -  f l * e t t o n * ,

* n y  o f  the ‘1 n#nV  o f  th* hoch »t h*v# the

n u r t * r ,  ̂ th  r r n  hi<s 1 w t h o d  o* 1 b* o n r r i e d

i " .  t d i v .  n * n e l tv  oontomre ■*ere d -vr  oonn»ot-  

n te  o f  *qu«l nutp.ber. For the F-’ch 

o - o r d i n e t ^ e  o f  theme o o n t iu r#  w*r* 

f f , - ri" the  enmity r l o t t e d  « n fi-i r't!-5r, o f  d i e -  

i ne dovn V-- c h e n n * l i t  ii Curvee I t 0 to ,  T». v



ort i ln t t# '* « t  I n t e g r a l  value*  of  l e n e l t v  e re  r t a f l  

o f f  f r o t  th e s e  cu rv e s ,  *r.« l o t t e d  <• e iao* yen- 'le 

In Curvr No. 33, f o r  oompBelnc: ' 1th  th-- t ro t  yen*!*

o b ta in e d  I n t e r f e r c T . ' t r l o i l l y ,  The C e r . f a l  D - n r l t y  

l o t r l b u t l o n  her  o.“en » o t t  *d In Curve Jo .

'  oj the v-fih 1 Channel ,  o r <*1  ̂ t «* of  d # r r l  Ly .-on- 

t o u r i  *v«re r e «-,< from 3»rve o . U 6, end p l o t t e d  

In Curve ‘ o S l ^ .

I t ?  Cr.e—htrren* 1 ̂ n"!  Theory .

Th* n  ov nr»fi* + «'vp r-tv * l*o h« r r e d t r t e d  r v 

one dl f e n * '  or.rt'1 t h » c ry  i f  th« m r l r f l n n  o f  r r r e e l  

nel “r r  •lero*'- th* d i r e c t i o n  o f  flow V  n*p1 1 o lb l r  

I f  A t« th* re*  -i ‘ t h -  r e  n l r - d  r “n t  ton,  * - d 

\*  t h  t h r o a t  are*  then

f  " • i - d v r ' ^

The Mach Kumber hrn b"*n r  1 from oot  uV’tior .  

curve* Lot t ing  t h l *  re  i - t  lo n t J ' e f  .16) f o r  bo th  th*

1 oh 2 and Mach 3 Ch*nn#l*(T rlem V o . 10*31).

e d e n e I ty  1# # * l* t e d  t o  the  Maoh Number by
BL.

(AD

Vo"! ue « o f  liov" " *en ' - ->d fr eorn u t a t l o n  

*t»rv»* (r  »f  .1 A) ,

'"Oh “ ti'"b*r -»pd P e n a l ty  hnye ha»n p l o t t e d  * *

* f u n c t i o n  of  d l» tnne*  down th* oh*nn»l In Curv * 

wol 3U,35 ord 3A.

Fror  Curv* " o .14 I t  o*r b *  *e*n t h " t  th* r*« 

* u l tn  obt o ln*f* by One-Ol*ien*\on»'l *nd C h - ^ - o t « r l » t  lo 
t o*orv co r respond  v«ry v * l l  in  th* o**e of  th*

«oh 2 Ch-nndl ,  Volno r i t h ln  o f  *->eh o t h e r .

For th- -eh ? nnel (.Jurve o. 36) t h d i f f e r ­

ence 1 r r  t - r , •ii ' t.untlnr to  " ruch  as 6jl In



5̂
some i I ' -cee .  Thin t® t 6%b«- x l t h  the

.

3,.3 V e r i f i c a t i o n  of Ipnntroi  l r  ^ l o v .

The flow ] n t t e r n  obt  Vned I r i t ^ r f ^ r o n '* t r l o « l l y  

fo r  the  h i  eh 2 Channel have l»*% oo«|>aj»<d to  th«
‘w ggSm

■ t t e r n  i r e t i l o t  d by O h - . n c t e f i k t l o  Theory In 

Curve : o. 33, 'here  l e e r  venal# here  b ‘ *n p l o t t e d .  

The two oo r ’ eepond v e ry  w e l l ,  the  T»n«ured flow 

being  »t * e l i f h t l y  lower ^ e n e l t v  but  w i t h i n  M  

of  the  t h e o r e t i c a l . The I n t e r f e r o m e t e r  'nvo lvee  

•'n u n c e r t a i n t y  of 3 # lC h e r t» r  S)«o th -»  the  exr » r -  

leientoi <in'a th -o r*  t l o e l  r - n u l t r  «pree t o  w i th in  

the  n?, n ta i  e r r o r ,  "’hln o-n ai ec be ee#n

from Curve No. where the  ourve* eo r reenonf

to  w i th in  y  - r o e r t  a t  » r l t , The o v - r o o r - e o t l o n
m

• t  e s l t  1” due t o  the boundary  l a y e r  th lohen ln , t ,

The f a c t  t h e t  th<- meaeured r ienn l t l en  were 

lower than the t h e o r e t i c a l  Ip r ro b n b ly  due to 

the fo l lowing f a c t o r * ; t h e  u n c e r t a i n t y  In e a t " -  

b i l eh l r ig  the t r u e  oml tlon  of  the und le turber t  

a r o  f r i n g e ,  end the u n c e r t a i n t y  In m* e s u r ln g  

the r e r ^ r v o i r  0 - . d i t l o n r . Theae two f - « t  r e  t o­

g e t h e r  could " fo u n t  t  nimo"t h< nnoordlnp to 

the -ne lv f l le  o f  Chapter  5.

For the Fach 3 Channel , the  ^«*eured d e r -  

e l t l r p  nr« about  10- 15* h ig h e r  than  the t h e o r e ­

t i c * !  V"1 n®*, telng a t  «n »lmo«t co n e te n t  I n t e r v a l

.

P er t  o f  t h l *  1 a > rnbn'  1y due t o  f 1 red e r r o r ,  

In t roduced  bv th e  r e f e r e n c e  d“ n« l*y  c a l c u l a t e d  

fr m No. ( Pr ’pputf  h o le .  «o.  ' h o i « w-p r o t  

e n t i r e l y  r e l i a b l e  dvr- t o  th*- foo t  t h a t  I t  warn 

( i r h t l y  rh lp t  cd .  "he f f e o t  of  ohli <- ond ^n- 

la rgem en t  on v reeeu re  101*# le dl*ou*"#d I n f r  

fheii 111 v i t 1-1 th "  h oh . , r e * '  ure h ' l e  t ” # t e .



a

m r ;

Con rV*<>n o f  i ierwlty con tour*  or t * t n  d 

t h » c r f  t l o r>ll v( 'urv- V o . 33) 1 th  tho«e o t  inert

by f i n i t e  f r l r . r e e ,  I n f i n i t e  f r l n A » * ( F l p . 3?) 

nnd Contour r r l n p - m ( : l p .  4$)«howq t h i t  th»  r - e l

f low fol low* thr: Fomewh"t uneven exponnlon o r* -  

f l c t * d  by oh- ' reot  r l s t l o n ,  *nd th* con tour*  hfv* 

th t  p-ime “n - r " !  « h roe .  The Meoh 3 Chmnei h%* 

-"O'-,, even *xt m e l o n ,  oe rhovn t v  bo th  th« t h » o r -

e t i m l  rurv®e(Curve No. h f ) r , n * l n t » r f e r o p r " m i .

t-'lH, Uh, 4 5 ) There 1 p however o u l t e  » pe^Ved

d i f f e r e n c e  In the dene I t v  con tou r* ,  *h« t> enr* 

' c e l  c en t  •Mir® b e f l n n ' n c  tu  c u v 'e  toward the  

» x l t  e t  nbout vl 0 . 7" ,  while  the i n t e r f e ’-opr-i-'i 

"how t h e  ♦ the e -tt u r r  dn r o t  ch^n^* c u r v n  ‘ \xrr

m t l l  y I  1 . 5 " .  Thl* l r  no#'  Ib lv  due to  the  nc 

uniform flow In tn* t h r o e t , ( e e e  f o l l o w l r *  mention . )

12,3*.
The Method of  8h ' ' r n c t » r i e t l c *  r e o u l r e e  em e

c o n d i t i o n  t h ” t  the f low i c r c ^ e  the t h r o « t  should 

b® uniform snd eo n lc ,  I . e .  M rl .  Th* oor ■ eepondH rvg

n e n e i ty  in t a l e  on * le  0 . /hyg 1 e /o u .  Inch ,

From Curve No. 33 I t  c m  he aeen  th* t  th* f low

lr  r o t  uniform fo r  t*** v'coh ’ o h s n n e l , t  k ln r  

the c c r t ' - u r  1 cb * l l* d  .24 ^e th-' sonic 1 1 , the

flow h ” * re«ohed M«oh 1 b e f o r e  the t h r o a t ,  « -  

oert. necr  th* c e n t r e l i n e .  Thl* e r r * ere  to  mod­

i f y  the f lew  i r m d t  " t e l v  a f t  »r th* t h r e n t ,  the 

"ontouv* b« lno  curved more towerd th* t h r c t ,  »e 

f r r  - v o p r 1* th* oon tcure  l^ J l l * d  .17 » n f . 1R.

Thle I* n o t l o l b i #  n ' r o  l r  curv*« 21 to 10, 'here  

th e r*  I* 1 c c r e l d e r * b l f  dlverR*no* In th* t h r c * t

* r e " ,  the  curve* t h e r ^ n f t - r  c rnv * T v in e . In the

he eh 3 Chonnel the e rn lo  l i n e  1V *  between the 
frlr.Rep 1*1,el l ed  21 and 22 in  the I n f i n i t e  f r l n r *  

I n t e r f » r c t r r e r  VlR. 40|  and 1# wlml le r  to  t h e  M*«A 

2 r e* # .  Howev*r here the  f low * »-r* to  be

modif ied for  Q much prem ie r  d l e t m o e ,  du* no

■
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doubl V  th f  r * " i * r  ^ Ivnrgeno*  o t  the  ^ l i e ,

l iJLJJoV--l.D.. t h ‘. Te° l  S e c t i o n .

?h(» h l f h  u n c e r t a i n t y  I n t e r v a l  of  3* le l - r r - l y  

dwe to  the u n o e r t a l t i t y  In me-j«urlnp the unt’ l e t u r b - d  

f r l n f  t  f , h l c h  1« mmui t lv e  e r r o r ,  n ' 

tJw vm lour- f iv e d  e r r o r e  eeeoFCln ted w i th  meepure-  

r e n t  o f  r » e e r v o l v  e o n d l t l c n e  and un ti le turbed  j e r o  

?r',ne* r o e t t i r r .  I f  on lv  t - e l n t l v -  oh«ng«e of  

i e r . e l t v  «>X»r» t "  ••t .her  1- th- oher.nel »r» to  be 

1 i s r i r t h e e *  e r r o r *  m-y be n"~l** t  a 

the or 1 y u n c e r t a i n t y  to  be t»Ven in t o  locount  le  

‘ h ' t  1 r.vo1 v -̂1 »t p t k* <ew. mure'rent Of* fl 1r."e ’ Oelt t.on, 

h l r h  l e  1e*e th « r  V ? <  »e found In C h a r t e r  <,

Thue the  f i n i t e  f r in rew  *F w e l l  th» I n f i n i t e  

f r l n r e e  v* 11 ti Inform ' t l o n  "b^-ut th* d e t a i l "  of  th e

1‘lovr, vhloh  mnv I n v - lv e  ohanpee o f  l e ee  th«n 3<

t h .  ■  | 1  I

The "r*" o f  uniform f l e w  bounded by the lo n t

•XT anFlon wave* rnti the e x i t  rhoo> wave* n o n « t i -  

t u t “s tho t e e t  ment ion.  Curves 13 to 21 show t h « t  

t h l «  *rem ham uniform d e n s i t y  to  v l t r i l n  \%  to  

1 1 /2* In the Vaoh 2 Channel .  There 1# no tiatn 

fo r  the v»oh 3 C hanne l .

Th*. f -eh l le ren  , ' l o t u r e  of  th* M»oh 3 Channel 

Flp .  i l l  ehowe a w ea l th  o f  It*oh l i n e * .  The r e h l l * r e n  

mymter w-p n e |  f o r  maximum a * n r l t l r l t y  ao t h a t  

v*rv  v e a ’ «hook* ar» eh^wn r l  e a r l y .  An 1,- «•« of  

the  rr - Pill ttf tie o f  th*"* d i e t  in-ha nee a can b« pa ined  

’"rom th"  i n f i n i t e  f r in g e *  r i * . 3P and 3 0 , v0et 

of  th*-’ 0"uee only  a email f r  o t l o n  of  « f r ' n p e  

width  d l a t o r t I o n ,  "n* or  two amount In* to  1 /U 

f r ln p *  wid th .  Thle "or reevond*  to a 2* chan##

In t i e n e l ty .  Ho'*v*r  th e  d l a t o r t l o n  1« 1 l o i t « d  

to the lr--iedi«te are"  o f  th* we^v ehook the t ier-  

" I t y  contour* not bain* a l t e r e d ,  ao t h a t  the**

l r tu rbnnoee  o n  be ne” i* o t * d .

1 '



6fl

veek -huek.e ->viglnst,e »t. m r i l l  lm' ev-
m m

f <’or in  th» rh»nnel  vr* i« .  Th» ‘'oeh ?

a h r n n t l  »*1 " hn-1 h«en f l i g h t l y  r  uphpn*a by „ ro -  

loiv-edl Uf*, t h ‘! l r  n r l p i n i l  i » l l * h  h -v tnp  been

r e r o r s d  by th i b n e l v e  n o t ion  o f  rfu=t In th»  e l r .

Tne f c h i l d r e n  - I c t u r e  tnken y e m l l e l  t o  the  

gl*»e v 1 ] e ( i l n . 56) ehowe e e e r l e n  o f  week B

fihocV wnfee o e l g l n e t i m  w l t h l n g t h e  channe l ,  which U

. r e  e t ronp  er. vr  h  t o  b e  o b s e r v e  a b y  H h - d o w r r n m

( F i g . 55) .  T h e e  ere a b ee n t  In th e  #^V2 Channel

(F ig .  50 "nf 51 ) ,  wnleh l r d l o » t e o  th« t  t h - y  e r e

oeueed by the r r» e n u re  ho ie* In the g lee*  wel l*

o f  the  0?h2 C h an n e l . Th» l n f l r t »  f r i n g e  I n t e r -

feropr^i r  nh^-re th->t t h e r e  a re  aga in  of  v ry  nm*l 1 1

magnitude,  mrd dr  r»ot  chance th*- l o w  e v r r e e l n b l y ,  

ever I f  I t  lm o o r m I d - r t h ^ t  th» d te tu rbm roe

conn lew only  a f r a c t i o n  o f  th -  channe l  , i d r h .

I n  e r f - o t l o n e  In th» g lee*  ,-aii* o f  Hhe ’' -ch

1 OhnnnSl w*rk the  d e t o l l *  of  the f lew, *c9 t h n t

no r e l i a b l e  1 n f o r r  t lor .  can be o b ta in e d  - I t h e #  

frr ir  the I n f i n i t e  f r ln g » e  F ig .  UQ t o  U3 or fr^m 

the ' c h l l e r e n  F ig ,  4?.

-

I t — boundary Laver  F^flv.

F r in g e e ar * i n ,h* r ;  forum r i g h t  th rough  the 

bound ry l a y e r ,  end the I n t e r f e r o m e t e r  lm t h e r e ­

for*  Id"* !  fo r  boundary l a y e r  e v a l u a t i o n ,  epp^o.  

t a l l y  mince I t  doe* not l r  nv way d lm turb  the 

f low. It  hem been mhown In C h a r t e r  5 t h a t  th* 

e r r o r ' - ■'Ml* to  t f ^ ^ o t l o n  e t c .  - re  -mall  In t h l "  

oece,  ac th '  t : r e f 11»* have an u n c e r t a i n t y  o f  4 

or  5'r .

vo cnri"*l " t l o r  r l th  t h e o ry  ham v'*en - t t  'm r t e f l l  

f o r  the fo l low ing  r»n*on«. T h e o r e t i c .  1 ao"! u t lone  

heve *0 fej* t:e*n r re**nt»fl  f o r  a f in *  p l a t e  In 

uniform flow, '1 th  #*te r ," lnna  to o * r t « t n  r ^ o f l l  **.

fn t h i s  e»a* t h e r e  «r* m*verm oh"ogee 0 f
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1 ■ r"i:»t.«rp rtnfl ••> 11 he ->* co n d u c t io n  end ro u g h .  

r; = " s ' e U f n c u l t  to  - f l r e r . Th»r-' 1* in  -<».•- 

i t l o n  t h -  u n c e r t a i n t y  o f  .nnnlpnln* c Reynold ,  

Number due to  the  d i f f i c u l t y  of  chooelnp .  

phr»T-30terl«ttc l e n n t h .

Kuon more m e - n l n ' f u l  r e e u l t r  would be o b t e l n - j  

H t  y tudyin,-  the boundary l a y .SI on fV. t  p l a t *  

V . v c  'uoed In to  the t »#t a e o t l o n ,  which rould 

J u e t t f y  t b -  l a b o u r  involved  in  maklrn* • t h e o r ­

e t i c a l  m a l v a l e  o f  t h -  r roh lem .  Tf the c h a n n e l ,
F

re  e r te nded  to  f i v e  - l o n g e r  t e * t  e*Otl<Ml, and 

irren*»<l t o  d l e c h e - r #  In to  p r  >olev«r,  -fhloh 

could he m a in ta ined  a t  n v a r i e t y  o f  preeeure*  

t h e  - e t u r  would b e  i d e a l  fo r  boundary  l a y r

e t u d i e -  oyer  a ranrc« o f  Reynold# VW h e r e.
1 * 1  Boundary l a y e r  r o f l l e a .

number o f  p r e l i m i n a r y  r tmorx* oon fc- made 

•bou t  the boundary l e y e r .  In  bo th  ^ c h  2 

v.noh 1 Channel*!  the  p r o f i l e s  a,- e a r  to  a l t e r  

marvedlv Mt bout 0 .5"  d o w n s t r ’em of the t h r o t ,  

! he p r o f i l e s  hnv lng « much " t » - p e r  p r r d l v n t  a t  

1 ' f - r  p o i n t .  > a m tn e t lo n  of  th®

aoh 2 B o h l U r s n  p i c t u r e  ( F i g .  46) shows whnt 

• I  I " * r 4 to  be a boutiRary l a y e r  t r a n s i t i o n  nt  

ebout t h i s  p o i n t .  Th* exposure  o f  t h l e  • i c t u r e  

too lon t  to  show up th® d e t a i l  o f  the tu rb u ­

l e n t  V y - r .  U n fo r tu n a t e ly  a l l  d e t a i l  in th®

» -oh > channe l  1® obscured by e t r l e t l o n * .  I t  

o r r o e r r  t o  h® - r h - r f l e t « r l e t t o  of  th® la m ln - r  

1 yer  1 o h e '*  a a"1® 1.1 g r a d i e n t  nt th® Well a* 

oot' red  to  tV- turbulent I a y® p ,

Bcyndery l - y * r  de>,eio r « , « nt  lp ,hewtt c l r  -rv  

th® l l j j e r r s .e lv*  p r o f i l e *  o f  C w m *  "o. 37 nnd 
18. The th lo k n e e r  e s t im a te d  from th®®* ouiv##



.
mV-ret*d fr ra Sonll«r»n(Curve o. '‘0). The 

curved TA r n n l l s l  n f f r  th» boundary \ * y r  

tr ' r e l t t  n. T' - d?ff«r«»riO' i* due to <* niifrb-r 

of r»«p-rp. It l« dtfflrtUt tr 'oalf* eveotly 

vhere th» boundary lever end*, end th® corner 

•ff*er di.fiHeeed bv P“rebed«r(re f . A)'fo%,ld 
oeve +h- 1 «y«r a-n.ny thtflXr In the Interfero- 
HTnn. r u r t h e c T r n - ,  the e V<,ot foeltlon of th»
^11 i • ■ sVed by d i f f r a c t i o n ,  - r  -p f u t u r o  

e r r e r l e -en te  I t  would by wall  to  provide ,  r » -  

forer .ce Herb In the f o c a l  p lena  o f  t ' 4  le n*  no 

t h n t  th*- «v.-0t r o e l t l c n  o f  the  t a l l  r r y b *  de-  

t e r r* .n ed , In the !’chller~*n r l o t u r e , oi ly  the 

"Te” o f  l * r g i  d e r « l t y  g r a d i e n t  ehowe up, eS th v t  

th. l a y e r  a . a re  t h i n n e r .  The t rue  th lokn«ee  

t h e r e f o r e  I l e a  somewhere between th* t o .  The 

b o u rd - ry  l a y e r  In about  tw ice ye t h i c k  ** the 

al lowance  of  0 . 0 0 5 " r e r  Inch  need In the  dee lpn  

of  h* 30eRfie Ip,  owtver 1 * ar e * r • tn<i t  t h i e  

le c o r r e c t ,  *lnne the channe l#  r - a e h  t h « l r  d#ei*n

!>. Oh Munber.

The 1aoh 3 fhonr»:  i rd^ rv  1»yer I p non-

e l d e r a b l y  th ioVe-  but  shows th« fnee  phe r*o t» f . .  

' ' » t t 0P. On en eeeunp t la t l  t h a t  the •»Unwen06 

-h r u ld  b-  about he1 f »h» t h l o k n e e e ,  th -  al lowance

av»rap* M«ch vurbe r  meneurad b y  c o r e ,  n e a r e r  the 

deelyn ' a o h  Cumber. (Table t o .  2 6 )

Z tL  f i a u ^ t f y  U r r r  x u  _:iy@

C t . rv p  Ko. 1 to  ?0 r r u l d  heve bean u^ed to  

p l o t  « , i r e  d e t a i l e d  re ,  o f  d e n s i t y  o c  t . u r .  In 

the ,:re, o f  the i , t t | o r n » r  where the e x i t  shook 

"Tl in tee. ,->vnr a J t t t .r  plot would hM« 

b*an i« ln ed  by e lna  on,  o m i t ,  f r i n g e . ,  with



th# f r t n i ' s e  - i . l u " 4 '(■< to  tw* n a r r o w .

Hcvp\ - r  th  i*o y e m le (C u rv e  o .  31)»n<1 the  

l - ' f l r . i t e  f r 1;.- a ( f i g .  38)$b.ovf me'* I n t e r e s t ­

ing f e a t u r e s .

— foT4' r«"Ohln, '  the  ehonk. the boun<>ry l ^ v e r  

tht?'  ' e n * , <*ue to  th e  h ighe r  reennr*  beyond the  

ehooV Yietnp t r e n e - r t t t e d  th ro u rh  the eubeonto 

o r t  ’ on o f  the  l ^ y e r . Thxe O'-ueen * amell p r e ­

l i m in a r y  not pr"*ei .on '••tee t o  be fo’-ited, whloh 

le ehovn n l « « - l y  in  "ever**I o f  th e  Seh1 t e r e n  

tot  ef ' , Th” •'-ve 1” «o

"hnwn In Curve# vo.  1 to  ?h,  tue t  eb*«d o f  the

"HocV ov«. It nviy noted her# th-' t  th* *hock

'av* h-vff V 'en I n d ic a t e d  t-y n, # 1 o r ln  ■ ” t r ^ t p h t  

l i n e  In thene c u r v e ,  f o t . v a n t  o f  b e t t e r  t n f o r - 1  

motion.  A c t u a l ' y  the ” hoo> In of  onuree v*ry 

much fit1e i * r  thai ;h t« ,  but i t n  - -o t  r o e l t l o n  

1« not  ehovn by the i n t e r f e r e  ro b .

The t h l O e n t n r  o f  the bound, ry  l« y» r  doe# 

no t  extend  t o  the ear « e x t e n t  elorw the pi,**# 

f e l l # , #o th -  t th* bound ry  1 * y*r c o r r e c t  ion  #t  

th# #vl t  1 « l l t  + 1* too  h l c h ,  Thl# account*  fo r

th* f a c t  th t the c r f e l t e d  d*ne11y - 1 »* l t  1» 

h l r h e r  th a n  th»

Th# ehnoh \/ev* l t r * t  f e p r e n r s  to  o r i g i n a t e  

" l  e b n i r t  kin*' i n th* hou e - r y  i«v*r  * l l t t l *  

ahead o f  * ' r - r r - r .  Both t h ” IchMerenfFlff,4<5)

e n d  t h e  I n f i n i t e  f r 1 n v * ( r t r .  3 P ) « e e n  to  * h  r#

t h a t  t h* *h” nV do*# r o t  r*noh *11  th# -,-ay to  the 

#1 1 , ap reuliS b* * t * * t »d, " ince  » •hopv can 

only  *: l t In " u v r # o n i o  flow, hut  or l i  ' r -  te* 

t  the p o i n t  where the mubeonlo boundary 1 v»r 

han, - p in th l c k n e e * .  A l-o# t  Immediately e f t  r  

th*  • oi. .dary lov* r  I* o m  ? *#*•,- ,y t h# h ighe r  

r •»p#ur* l)- hind th-; eb'-clt.



.

j o"* * >n or  t h i s  h m  the qtm* *hmp* »*- t h -  p r o f i l e  
on th# hrnpm \ 'nl lR >,t

>

+nr. V

3 . :  "r r - ? fk rnm . i .y.,

I t h  - i t  d i f f e r e n t  f r l n  •« n o n f i y u r » t l o r s  r o t .  

P l r l  ' Thf l n t » r r » r o n « t e r  v  v e r -  t l l «  «n«>tru- 

For m « t  vor> i t  * nc,Tp th«t eor-ro-it* 

’' - I n r t t  *111 h# T,0 -t w e f t l ,  " i r e .  t h l r  method 

h-n r .nv  -’ -’v m t  c .  1 /  v - r y  m r r e w  f r l r w e t  w i th  

the f o r g e t  » r .  need,  enntvar- .  e h r v .

In ,  r - . U f . m M .  d j P ^ W g g ,  _ g  .  0(. h lph f, an_ l

- l i r  r n d i . r t  o-n 1 , , l t h  I ry U t t l #

e f f o r t .  The m - .  nti* -  ^ . ter fe -o f tn re  of

v e n t , , , ,  i ,  g t h - t  by , o v l n , ^ h .  f i n  . ,w.f%0k ?

' n t - r f . T o p r m c .  w i th  r . ’ . - .nt  to  eh o t h e r ,  ron tcu»%

'

,

ep the e v i l m t l o n  »t*” or  I n t n ^ u o e d  by the 
u r e e r t . i n t y  In " " - r r l n p  the  or 1 ,1  m l  f r l r p -  width 

. r .  -'utom.tin. , iy  n o , l i , d  n„t, , ,  
v #n , ’,  tn* htfft-yet nreu-rpv. -rht.  n „ f n r t

-rhen t - r f -  ip,., pP l i f e  r l" ,*  -  „r-»d, „nd 

t V  ?»r- f t  ' -»v -  ' M r h t l y  r.Mr' *'d.

" " . , . y . r ,  f l r i t e  f r ' ,  r * .  m i l e  m f n r  t ' o n  not 

bv r "  ' " I ' *  r t  I f i n i t e  " M r r m ,  . « r . c l o u .y

p i n  - r p - n  o f  1 - d e . m l t y  d i e n t ,  or There the

f - ' irM ln th" f in*  Involve l e e ,  then one fr lnp,
' 1 b t o r t  ion ,  -I,o h  i n  th* t e e *  m o t i o n  o f  t v

"' * ' h f!n' >-t  - r t u t  i n u « l n r  f i r  i r  e

fr ln .per i ,  • . ' f r n - . i y  i , . ^ r i n u e . However, f ine*

■
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t 'OFlte f i  u  .•* ’tFtncf4, t b j  war < r - u • ,t » t l  v r e -  

fluced bv " v a l u i t l n p  t h -  r e n e r » l  f l o  • urn la*

' :,plr f r l r i i - e ,  -nrl ^nlv i - I  t t h f  f l n l t  - f r i n ' ^ e  

l r  ? r . . .  ,-her- d f l t l o  ',1 I n f  m o t i o n  I f  r e q u i r e d .  

F i n i t e  frTr:?*r 'ir» nl *>r» - c - 1  ur e f u l  dm * i t r

r r o ^ i lF F  r y e  to  h  ■ me^fur»d,  euoh «p i n boundary 

I ' -yr*- ,  ' F r e o l » 11v i f  the t o t » l  d . m l t v  ohenpr \*

w

Tr f t  r i t e  f r  ‘ nP1' "  v l 11 of  t »r  mn nv de t*  l i e

r o t  "how- t v  r t *><••* -Fthod.- ,  ""id i <* ^ » n n t tv  o r n f -

t ' n t -  r*- hlm-h «0'’ r e rn  o m  o f t» n

bf tiF»d to  Fdvin top"  lnF*eed of  the gooi o«lt*  

fr  tnp^«,  cuoh ■ l r  th(= th r o  t r - » .  T f i n i t e  

f r l r - * «  r l n o  ' t v -  * r> o<1 ’ ' I  o f  qu e l l r -» tW e  i n ­

fo rm at ion  -'bout det<- l i e  Of th» Mnv, but  h-ve t h '

' t coov-.j |f lr * th  t V S t t e . - t  oo- —, - t .F  it, t h -  

l n t o r f * r o - » t p r  murt be o f  h l^ h  q t m l l t v  to  reduoe

‘ f  - ' ■ Denel ly  u i ln r  j r ; -i-u r '  ; - : p  . 

r v-lu<>tlnn of  or, Inr »’ '■•ropr-'m in term# o f

s:-r ' ut f  e o r l t v  r - u l r  m 11-. 11 th* - - l u t *  d#n-

” l t v  nt  '’nnB r * f e r e - e #  c o i n t  In th* f l * l d  b-  Vnown. 

Thl# u*u«! lv  r » c u l r »# cr-r-* Inf® er^’ont  r e^our  *-*nt

Of r t 1 * o t  on* o f  th*  f low - '  r — *t ar, r. , I* th* 

den* I tv  «t  th* r® '*— re-  - V  - - n r - o t  be o -1 e„ l_  

t h e o r » t ' o « n  v . f t  m-v > « not*d t h a t  th* 

d*n<-ttle* 0-n h» * " t - r * '  rdFd z t th  o r « t t

t o  th* denr i t v  t ' - e fe ren r*  r - l n t  In th* n . - i , ’ ,

• v * n  I f  t h® r® e»> « n o *  n « l t y  l e  unV , ovr  , .  •* t h t r

• , v*!1 1 - f u l  1 foi -- V on .

Fc- th# vnoh i  Chenr.el,  th* r - f e r e o e e  <*• v t v
- c d.»t>>- ml da, vv -<. nur*m*nt o f  th* # * - 1 le  j r «#-

.

Nol 35 o • r - *• *h r-eeult# o b ta in ed  in  th* Mnoh 

< Oho nr.® I by UF In,' I n f i n i t e  f r l n  ># zl th  th* fr«* 

l r  ou i* l  - th .!; t on r" r l e r  r e i  rFnoe,  *n

1 1 ' ' ' ' 1 r r '  «d on a > r*#e, ire  t --
■ f
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•• n ' ' u T <1 f> i th-* I’eenupf t p n-^mgure- 

■ ntF by th- l e e n Tr o i 1 c  ' " l o t i o n  re  n ip r  l o i t t d

In tile r-’vr-, !V th^r. 1 1 * ->lmoct »r ctly or. th« 
nurve i c t t » d  i*r - theory, 4#"’-';»tr'itlnp th* v* 
Hfllty of th.tr *,oo*r1urr . H-wevr It «hould h«= 
n o t ' f  t h - t  I n  n o i r f u t . l n p  t l » •’•oeltt**’ froe1 the 
IrfVl*-- frtr »f-p, the heurd'-rv 1« y •» »rt Von
■/ . ip ' I r e t  P1 t >' t P ^ 0 *  f l  PT' t h e  v e e p , l r n  %* ,  p e e ^ t n p ,

‘in''1 t h l  <■ V" 1 p» r* f ”v ere  - in lehel.I.inff the  nit** 

the m r r  e p - i  rp boun^^rv ln y * r  non*#6tlon  th* 

t l r • -I«dtd, Tf t .htr ' P not / t - r t ,  »h» v a l v e -  f 

t h -  t h r o a t  "hey- th  o o r r e n t l o n  1« " a 'n U e r ,  ’f i l l  

bc too  h i r h .

Th" ' T? y - r euree t F»vereI r‘ ' e r v o t r  r 
’ uree -r#. • ot t 'd  V C ir \ ’ o. Ul , For the .. ■;

Cha - ne 1 re 11 m, i 1 ■ e'1 I }* l “ R /are eotievlv’ t

° . r> 6 h I t e ter a r«>tner i* r#e

( . ••’ V • r ) : t . :. , • • 1 ' a ■ - - ■ ' - e r 1 y
c h ' f f A  7 he t o s s e s / ’ ■Jtciinj f e i n t s  4 re kaJU j

P ■"• th f' ■ • , t hi' V >C -' ■ t. I .■•_
In oot'Flet-*r.t ovat th“ rorre of r»riervolr rre«-
sur**, rhr Inr th t thn flow ov-r th*a» hol-e a,
trturbed nn-t c»yp*d “ ■ - . epiefr \rrorr '-et
' - -r,,r,-4. Thun th- fiv.n »rrov ê. nn th»

" ,  • • r,p p - n t l  f o r  « -  ”11,  r Oo t h

""he hphi t er »r • la tu re  n'i tn t e r f e ro p r n v  of

* ’ -nr pel F'p, olv that t r..
i - t aeevr-  rmlee niye r  1 -e tp  apa-evhoi - t r - ’>nper

• hcoke than  the »?, W e , ,  1 thourh  the  d ie tu rh n v c  

r» - t i l l  , * e n .

'The ?>t? h^ lee  ver a 1,1 t l ' 1 f-tntorv
»r In t«- t - .  TJnfortvr,-.«:,iy |h«  only  re

r̂ Vfl 1
l - r ,  t

1 \, t h  - Mft r h

*  .

__
_



K l . l T O f i f l ’
t- T10 probe ’ r a e -Denpi t lee cr-"i uten fror

. ?$,  - tv l i eleo lot1fd In rurei.refl '17

vt-r-v c l o f e  to  the t h e o r - t l c n l  ourv* .  y*i oe It

I ’
•r«v b '  c ' icluded t h r t  the probe could  * l#c  be 

upf » ' f e rence  fo r  tne Irit e r f  • rometer ,  r o -

y

.

X

vlr’lnp thot the emell dleturbenoe Introducer uy

Curv-6  o.  k r  »Ti-’ ' '3 t o t  t '"e . . PFP ;re«- rend 

■ V the , robe In i r e v e r e e e  f r o r  -nil to  -vail, In 

th* r ' r lo i l  r e r r  th*  * I t  o f  the  ^henn*! .  The 

r##*urf*  nhnnp* - n liBi 1rr th* v i c i n i t y

o f  the x-«l 7 „ 

tur-«(FlP. 5®to A?)#hov
^'.mlrmtlor of th*- ‘"ohl.lerer. le-

ne«r  the  r s l l e ,  the

r mprenFlor enye fro® th* tli nf the -robe In re­
flect from th« >„tl mr tnt»rf»r»« with th*- flow 
t th* hole. er1»ct.lntf the reedlnrr n- r fh* 
-l-.q, the , reeeurefl rtlll v ry by "Pout 
Thlr mny be Aiie to "'"11 loC" dleturbeneee In

,

* l l f r ' * n t »  o f  the ' robe with  the flow nf e

th# n ece n n l ty  of 

Inge .
Th- curve# l o t t ’ 

t i-- channel rurve "!o. t 
y r r -it « fixed diet*

h r  - o f  r ivnre

:"1 he'-'" preenure #1 
fo r  th«  *1 end i*2 

’it I .  <'  nr n o t .

Ti-ir onn he "m o u n te d  yo" by v e ’ l e t  l o r  in m  

n n n v  t r  o M 1 1 o r ” f nr *vr twe t # # t # .

The ' m h  iitbe* eomrtitrd e t e t l o  «nf t o -

t«1 he - d .T-erem n r l p t t . ' C  In  f  lirV# n.

Thin I- nnme 5< nf f th* t h F o n e t  l O e l  fl’i rV# .

1 r , , hebiy  fu* t o  no '♦eoumu1 " t lo f i  o" rh» e r r o r "  

Involved Ir. th« u m  p f  th"  prebee  nn<T p r e f e w e  

hoi*'", fin*- lndl<v t*# t h " t  th# u* * nf • M*chro”t e r  

*«m 1 oylnp t o t - I  h# d robe end » t-’ tile r  eettre

t e  i t - u n r » n e b l e ^  ■ m  t  " ,  # rru.oh eheaV.



of  rh* f r r>  T-’b l ' "o ,  ?5 i nfl 2<1

nr r«e v l  'H th<- t h e o r e t  Ion 1 • i c h  i m b e r  to  - ' I th ln

* \% unocr t  I n t  v Vnt rv * !  f o r  the ’'■■•oh ~ Chnnn«l»

ml w i t h i n  ’<“* for th* rh  3 Ohnnitol. In the  Mnflh

2 Channel the nhnok v* f  iriroc on the l o r f t e r  rone#

(Fit  . f t3 to  ?2) 1* - t r o n f l y  curved,  nnd t h e r e f o r e

i l f f i c u l t  to  m- =eure,  wheren e  the f-hook on t h e  5° 
o

r rid 10 o^n*s l r v-n in  no t  cl c •• r l  v d t H t t n r i i l r h~
0 oe b l e . Th*1 I f  »rV  20 c ■ '-T .’ tv* th» hea t  r e e u i t  e.

In th* t eh 3 Channel ,  the  2hr * rv ? 5° con»e here

n l e r r e r  •: eti nsrle tha n ,: V-eh fever * n th» flow,

th* ehoek vnvee «r« ' t r - ’nety  curved on-* i n  the 

c«oe o f  ♦h«' non- « H p h I l v  d* t*eh*d.  ♦'hie ■’ r -

m u n t r  f o r  t h *1 l e v  v” -*lie* of %ioh dumber o b te in e d  

■■'tth th*ee cones .

} c i n t e  fo r  f e t h e r  : ■■■oe-rch.

\r.urrh»r o f  tn t  r « * t l n p  ' r o b  e ;ne r* n be s t u d i e d  ' t t h  

the M' l h -  e h r d e r  I n t e r f e r o m e t e r  which h»e been o on- 

' m e t  1 ,  '< ’• joc t l ' - ' 1 t h  t h f  * * - 1 1  « u '  - r e  . I**

•) Study o f  v r lo u e  c h e n n t l  co n t  Hire fo r  

in  e u i e r e o n ic  win ', t u n n e l s ,  i u o h  of <\ r h - r p  corner  

nozz le ,  or f 1 * Ib le  end ovntlrv ou*iy  v r i n b l *  nn?- 

r l e e .

b) - tu d y  o f  flow in  e u re r e o n l o  ' ) i f fu r» re  of

va r ious  t vr »e ,

c) tudy of  etu c r - o n l c  j e t - *  i r  nirr inp,  « f -

f l e l *  ey of  v r l  nu« r - ? l»e  for ,i 1 *ct 1 on e t c ,

d )  0. t v T >  o f  b c u t t i N r y  1 - y e r e , v *  1 n c  l r * u l " t e d

or he * t  or pduot tnc f l * t  r 1 ‘ »* , ■ir cornu* or  rouph

1 # t f "  In the t » * nee'  i n ’"1 of  1 h ’ h ri *1 * .

*) t ufv of  check wev* —bouodnrv l* y * r  i n -  

t e r ' o t i o n ,  ’n t  - 1it 1 ■■ -cd oh r  fl  eintion o f  rhock

• v e e .



? 7

-

-

ConrJL^.lonn -i

Th» f o i l  o f t  nr c .n lupt-n*  m y  b<* '*r  #n from 

the  worV.

The K*oh-2e hnder t n t er f i r o ^ e t e r  -filch h-e be»n 

o n p i i e - 1 ■' b u l l  I ,  h.,> ’ rov»(1 r n t l e ^ e o i  ory  In the  

K*-.rui - r.ei:t of  dent' t t y  dl= t r l b u t t o n e  In nhnr.r.-l 

f l  V, mt4 ‘ou"‘ TV 1 yvr v t t h  -• n v n c » - t n i n t y  in -  

t * r v » l  of  only •’ ffw . e r c e n t .  Com l e t #  tneo rv  

fo r  the for  n e t  ton  of  f r in g e #  nnfl 0 | e r e t l o n  of  the: 

Ins t rum en t  -rl th  r*,o t l r » l  i r r en  *■'®ntr o f  f l i  14 * 

ny^T’ ur* end #> eetrme w t ’t h  of  the --oiiroe h-e  be*n 

p reee n t  •d,  t o p r t 1'" v \ t h  ">n en* ly* l*  of  the  e r r o r s  

I n v o lv e d .

Fpr th® «~ch ? Chormwl, th® flow oorreer  - nd«

r r of<t pt-e t'V ehit  l e t ' r t e t l e  t ' » o r y  t o  v t t h -  

t r  > ne »■-! •'Ttm#ntei • r ’-or o f  I f . f'o ooneluelor.®

^rewn from th® i r e e e n t  ■,* t -  forth® v eeh ? ■ 

Chennel,  dv# to  ' r«e re re  e r r o r -  ®»«oe<tt®t»d '1 th  

the rlflpe e l l # ,  md the  u n c e r t a in t y  of  th® r e f e r -  

iO« den s i ty  r loul 4 < fro"* th* preeeur® t^p .

Flow tr» th® Vooh ,* t e - t  - - o t t o n  1® homo." *n- 

eoue ®ml uniform to  w i t h i n  1 1 /2%  »#vtns5 I t  e u l t  

tb le  for use •«= e r -•< 11 v ln d  t ’ hne l .  oIn no d - t  

tr. v»ile> 1 ® fn> th» • ooh 3 C hanne l .

Th® flow In 4 he th rcm t of  bo th  oh®nnele le 

not vvl f  rm and ® ■'nto, ®* neew® 1 In th* ' e a t e n  

o f  th® rhenr  In.  ?h t*  do*« n - t  ® ’ *®r to  a f f e c t

the flow i ® tt «rn n» -  th* 4 - «1 sec t ion ,  hut M-  

ft®e th* to  -> o® rta ln  * - 4 e n t  In the ore* 1"’-

m e 1 « t e 1 v d c v r e t r e a m  n c  t h® t h r o e t ,

round - r y  l®y*r MfOftl th may t)< Hired -1th

I Q r e e n t  vnoer t -  I n t r  i n t  a-ynl bour 4 rpy



Inyor-ehooV f-<v» Int»r«<etl6nF ' ' -v h» i t u -M ** . 

Th» bnun^nrv t * y  - i r  rh> ehnnn"l«i und«»Po** «
M

t i n F l t t o n  a t  hcut  1 / ?  In rh  Aown*tr*n^ o f  th*

PrefFUre t •'.nw ’ lv» »n<1 r » l  t a b l e

r e m i t ? ,  ; ro T id tn e  th# hole  Ip emooth l» « r  

than  0 . 020" in  d i a m e t e r .  Lor,; r  ho'*R w i th  

e h l r . r e f l  b u r r e d  or i k e d  e d g e #  In t roduce  I m r p e  

flxt.fi # n  «ps .

The U?e j f  to d»t‘r-Tr>'ne th^ ypflh

i Iph Mot Tub” " - lue t tnn ,  *n-Ntmber by the

vn lvee  -in u n c e r t a i n t y  of  noma <5* In +hle e*ee,
I

enf t h “ ue•  o f  " f ' c h r - l » r  w i th  th* o h r n n e l* I* 

n o t  r » p r ^ '  »r-e»n o o o u r e t »  w o r t .

Con**, u” lnff ■‘ov1 or v *<jeoll eh c> e o l -  

tii- lo re  to "Inh i h* o'- Mumb^r r* 1 v» r e e u l t e  » r— 

ourn t#  t e  1%, - r o v l d l n p  t h a t  *he f low over  the
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P i p . 49 fC M2 I n f i n i t e  [-r lBfee

c h l l e r e n

Fig .  ‘ 1 . 0 1.2 I n f i n i t e  Frlnt-ee



Fig .  52 *1 v.2 S c h l l e r e n

F ig .  53 >42 S c h l l e r e n

F l f . rA ] l ? I n f i n i t e  F r i n g e b



F ig . 55 1*2 1-2 Shadovgrac.

BFlg.aJ *[2 h2 Schllczen

F ig .  57 //2 1-.2 I n f i n i t e  F r lm  ee



S ta t i c  rro h e  In  #2 M2 Channel



R t l c  I r o t e  In  >2 K2 Ohennel
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Mach 2  Channel ■ Izes

y z y
Width * .6260" 

1
000 .1550 .80 .2127
05 .1563 1 .00 .2278
10 .1598 .20 .2430
15 .1635 .40 .2547
20 .1673 .60 .2637
40 .1824 .80 .2688
66 .1975 2 .00 .2700

C o -o rd ln a tee  o f  N o .l 
P r s e su re  Holes

C o -o rd ln a te e  of >To ;2  
P re s s u re  Holes

X Qy Ho. X y
2211 1.989 1 .159 1 .765
IP?': 1.739 2 .156 1.533
12 cU 1.456 3 .126 1 .2 6 ?
1220 1.246 4 .126 1.016
1240 .989 5 .120 .756
1134 .742 6 .126 .509

Table No.2 

Kach 1 Channel S i z e s .

y
.000 .1550 J o
.05 .1565 .60

.20
.1585 .80

&..1654 3 .00
.3u .1750 .20
,40 .1855 .40
.50 .2045 .60
.60 .2195 .80
.70 .2390 4 .00
.80 .2590 .03
.90 .2820 —. 00
1.00 .3075 - . 0 5
.20 .3575 - .1 0
.40 .4055 - . 1 5
.60 .4480 •-. 20
.80 .4850 —. 40

2.00 .5190 —. 60
.20 .5490 - .8 0

Width 4. .6250 

.5750

. 6 * * 0  

. 66^0 

.6700 

.6738 

.6740 
0.1550 
.1566 
.1580 
.1630 
.1705 
.2210 
.2210 
I  13

C o -o rd in a t e s  of  P r e s s u re  Holes
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T A B L k r tO . 3

■ ut n - t - w.ltv D i^irip ‘ on 

Froc- Fig, 35 i

Atm, 'reaau re : l l .V i  r ala. 
It : i e . e ra tu rf i 6. "  •

y*

Humidity: 64%
ixO.04661'

-5
4
3

-Z
-1
0
1
2
3
4
5
6

5
6
7
6
I
9

10
11
12 
13

X ■ o. 348 
11 .8S2 
11.61* 
11.330 
11. 148 
10.916 
10. W
10.450 
10.226 
9. 840 
9.754 
9.526
9. 292

x ■ 0.277 
11.8K« 
11.660 
11.426 
11.188 
10.950 
10.714 
10.486 
10.254
10. 022 
9.796 
9.540 
9.114

x ■ 0. 267
5 11.916
4 11.700
1 11.462
2 11.220

11.010-I
0 10.866
1 10.542
2 1 0 .S04
3 10.076
4 9. 850
5 9. 638
6 9.426
7 9.254
8 9. 120
8 9.050
8 E a .  88b

•  0.262 
0.708 
9.510 
9. 136
9. 200 
8.986 
8. 760 
8. 668 
6.324 
0.073 
6. 07$

2. 148 748
2. 131 -. I f )
2. 084 -. 119
2.0)7 -. 127

2. 563 . 145
7.517 . 159
1.47? . 152
'  V i . 102
*.373 .073
2. VS .944
2.179 .058
2.232 .051
2. 143 . 044
2.139 .058
2.087 -. 055
2.041 -.041

2.569 .271
2. 525 .3 )0
2. 477 . 302
2.428 .252
2. 385 . 3)0
2. 356 .709
2. 290 .294
2. 242 .36#
2. 196 .280
2. 156 
2. 107 H i m
2. 664 .451
2. 029 .701
2.602 1. 122
1.988 .822
1.955 . 115

2. 121 .673
. .815

2.046 l.0t»3
2.018 1.465
1.975 .544
1. 929 .558
1.89V .722
1.841 .672

2.534
2. 508

2.367
2. U0

2.226

1.790
1.790

.579

.4 4 )

P'

.0606 

.0608 

.0585 

.0855 

.0606  

.0606 

. 0601 

. 9614 

. 3541 
.

.0599

.0599

.0624

. 0626 

.0625  

. 062 ' 

.0617  

. O b l S

'.0615 
.0615
.0608 
.0605 
.0608

.0636  

.0641 

.0619 

.0614  

.0641 

.0677 

.0 6 )8  

.0635 

. 06)7 

. Of 38 
« 0'»44 
.0 6 5 ) 
.0676 
.0716 
.0667 
.0621

. 067.3 

.0687 

.0710 

.0748 

.0661 

.066 ) 

. 0678 

.067 ) 

.0665 

.0652



x » 0 . » 7  
l i .
I I .  726 
11. 400 
11.242 
11.042 
10.614 
10.610 
10. M l  
10.182 
9. 962 
9. 764 
9.616 
9. 462 
9. 306 
9. BO 
9. 062 
8. 868 
6.686 
8.462 
8.216 
7. 992 
7. 774 
7.614 
7. 266 
6.978 
6.726 
6. 460

I V  • V

0.242
9.878
9.670
9.913
9.366
9. 204
9.072

2.57 .

2.5 30 .437
2. 485 .473
2.434 .380
2,792 .480
2.730 .580
2.304 .394
2. 258 .60S
2.217 , 730
2. 177 .673
2. 117 1.015
2. 103 1. l i t
2.071 1.601
2. 040 1.937
2. 008 2 251
1.490 1.863
1.931 1. 029
1.914 1.237
1.869 1.272
1.819 1.201
1.773 1.215
1.729 1.272
1.697 1.586
1. 62a 1.065
1.568 .822
1.517 . 729
1.463 .572

8. Zal
-  8.030

7. SCO

x » 0. 247 
11. 128 
11.610 
11.382 
11. 172 
10.966 
10.748 
10.390 
10.764 
10. 166 
U . 000
9. *6.’.
9. 67* 
9.306 
9.148 
9.200 
9. *18 
3. 830
8. 646 
8. 476 
8. 008 
7 . 8 3 8 ^ e

2. 166 
2.114 
2. 063 
2.032 

i
1.992 
1.936 
1.916 
1.878 
1.828 
1.781 
I. 733

1.427
1. 521 
1.858
2. 194 
2. 487 
1.906 
1. 179 
1. 322 
1.463 
1.394 
I. 386 
1.401

XXJi

. 0644 

.0651 

.0655  

.0646 

. 0655 

.0665 
,Uu66 
.0667 
.0679 
.0692 
. 0706 
.0731 
. 0760 
.0792 
.0621 
.0765 
.0707 
.0726 
.

.0723 

.0724 

. 0730 

.0759 

.0710 

.0687 

.0679 

.0664

. 0753 

.0774 

.0816 

.0843 

.0739 

. 0721 

.0734 

.0746 

.0741 

.0740 

.0742

'

2. 551 .687 .0694
2. 537 .945 .0499
2.461 .959 . 0770
2.414 1.037 .0708
2. 376 1. IV. .0 /1 7
2. 332 1. 194 .0722
2.292 1.317 .0736
2.232 i .  460 .0749
2. 214 . 076o
2.161 1.936 .0794
2. 146 2.208 .0817
2.115 £. 544 .0649
2 081 .087-*
z .r  s 
8.018 
1.968

3. 108 
2. 463 
1.622

. 0901 

.0841 

. 0761
1.947 1.944 .0792
1.906 2.065 .0604
1.864 2. 169 .0813
1. 777 Q 2. 301 . 0826
1.752 2. 765 .0869



IN y' y

16 7. 564 1.687
I t 7. 338 1.641
18 7. 068 1. 390
19 6. 864 1.545
20 6.630 1.497
21 6. 334 1.437
22 6.012 1. r/2
23 3. 7, 4 1.310

X r 237
4 l 1.912 2. 568
3 11.71b 2. 529
2 11.3*6 2. 486

*1 1. 304 2. 443
0 11. 108 2.403
1 10.912 2. 365
2 10.726 2. 328
3 10.534 2.293
4 10.380 2. 268
S 10.206 2.222
6 10.038 2. 166
7 9. 856 2. 157
8 9.614 2. 102
9 9. 486 2. 076
9 9.304 2. 039
9 9. 166 2.012

10 d. 952 1.968
11 6. 764
12 e. 370 I. 863
13 8. 304 1.637
14 0. ICO 1.79$
15 7. 398 1. 754
16 7. 682 1. 711
17 7. 472 1. 668
18 7.244 1.622
19 7. 040 1.581
20 6.634 1.539
21 6.616 1.493
22 6. 378 1.486
23 6. 138 1.402
24 5. 890 1. 347
23 5. 600 1 1.289
26 1.210 1.210
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3
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-2 11. 666 .
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0 11.29' 2 . 44 3
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2 10.900 2. 303
3 10. 736 2. 330
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5 1 J. 374 2.256
6 10.174 2 .2 lo
7 9. 986 2. 178
8 9. 776 2. 133
9 9. 564 2. 092
9 9. 368 2. 032
9 4.216 2.022

10 9. 000 1.976
11 8. 790 1.935
12 ft. S46 1.886
13 «. 320 1.84
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2.839
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.
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.0808 

.0831 
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6. 646 I. *01
6. 446 1.460
6.236 1.413
6 . 0 4 2 1. 376
5.316 1. 1 12
5. 576 1. 264

13* 1.2 i t
1 . 0 8 2 1. 184
4.754 1. 117
4. 332 1.042
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I
7
»
9
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16
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32
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2
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1
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11.350 
11.638 
11. 460 
11.250 
11.062 
10. 886 
10. 686 
10.450 
1 0 .242 
10.012 
9. 880 
9. 564 
9. 342 
9. <*10 
9.000  
8. 804 
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8. 310 
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7. 908 
7. 796 
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7. 068 
6 .848  
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6. 446 
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6. 046 
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S. 629 
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2. 047 
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1.938 
1. < 
1. 838

1. 756 
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1.670 
1.628 
1. 5»b 
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1.501 
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1.418
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1.014 
0.919

2. 591 
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3.072
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3. 764 
3,736 
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3.593 
3. 157 
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2.973 
J. 073 
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3. 566 
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3.93;

i l S
4. 001 
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2.572 
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3.607
2. 771
3. 829
3. 926
4. 007 
4. 043 
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1.916

.0872 

.0883 
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1C 
31 
12 
13 
34
15
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1
2
3
4
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10
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15
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11.154 2.414 3.952 .
10. 940 2. 371 4. 0*0 .0988
10. 720 2.326 4.066 .0991
10.488 2.279 4.058 .0991
10. 242 2.230 4. 008 .0986
10.012 2. 183 4. 00» .0985
9. 782 2. 116 3. 994 .0984
9.572 2. 094 4. 0 9 4 9 .0994
9. 398 2.058 3. 122 .0921
9.216 2.022 2.551 E j  .0847
9.814 1.981 2.672 . 3961
8. 788 1.935 2. 687 . 0862
8.518 1. 8.10 2. 508 .0045
1.114 1,639 2. 629 . 0857
8. 106 1.797 2. 729 .0866
7. 902 1.755 2. 829 .0875
7. 682 1.711 2.886 .0881
7.472 1.668 2.965 .0868
7.210 1.615 2. 829 .0875
7. . 1 1.583 3. 143 .0905
i  •# V I I. 539 3, 200 .0910
i . !:«! 3. 343 .0923
6.436 3. 464 .0935
6. 228 1.416 3. 6 6 4 .0944
6.032 I. 376 3. 707 .0957
5. 6 IE I .  133 3. 786 .0965
5. 608 1.690 3. 864 .0972
5. 408 1.250 4. 007 .0986
5. 198 1.207 4. 086 .0993
5. 000 1. 167 4. 228 . 100*
4. 798 1. 126 4. 350 . '018
4. 6ro 1.086 4 . '9 2 . 1031
4. 3Vv 1.043 4.571 . 1030
4.200 1.005 4. 761 . 1055
3.970 • 958 4. 749 . 1055
3. 710 .910 4. 721 . 1052

x -  .196 
i t .  640 
11.426 
11. 196 
10. 954 
10.726 
10.492 
10.250 
10. 020. 
9. 796 
9 .1 t_  
9.466 
9.810 
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8. 7(,« 
6.428 
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7.890 
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7.462
7. 260 
7. 046 
6.634 
6.632
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6. 026

2.613 4. 073 .0993
2. 480 4. 152 .0999
2.423 4. 359 . 1019
2. 174 4.094 .0994
2. 328 4. <09 . 0-95
2.280 4.050 .0992
2.211 4.030 .0968
2. 185 4. 044 .0989
2. 139 4.058 . 0991
2.096 4. 137 .0998
2.076 3. 708 .0958
2. 024 2. 594 . 0853
1.988 2. ■’58 .0869
1.931 2.601 . 0 554
1.462 2. 551 .0849
1.840 2. 651 .0859
1.796 2. 70* . 0664
1. 791 2. 786 .0871
1. 709 2. 843 .0677
1.666 2. 922 .0884
I. 625 1. 043 .0875
1.582 1. 122 .0903
1.539 3. 200 .0910
1.496 3. 122 .0921
1.456 1.422 .0931
1.415 3. 541 .0942
I. 375 1, TSO .0962
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4.634 
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2.446 
2. 383 
2. 332 
2.289 
2. 22k 
2. 180 
2. 127 
2.078 
2.011  
l.5o4  
1.936 
1.889

5. 745 
5. 645 
4.616 
4.423 
3.987 
4.259 

.
4.244

. 7 
4.831 
2.844 

.
2.680
2.672
2. 729

S. 766 
.

5. 880 
5.217 
4.617 
4. 287 
4. 194 
4.273 
2. 966 
2.937
2. roi  
?. 731 
f . 744 
2.737 

.
2. VO I

.114* 

.1198 

. 1161 

. 1024 

.0964 

. 1009 

. 1029 

. ivoa 

.0956 

. 0677 

. 0877 

. 0864 

.0861 

.0861 

.684*

. 1150 

. 1156 

. 1161 

. 1101 

. 1049 . 1012 

. 1003 . 1010 

.0688 

.0*75 
,0*73 
.0866 
.0867 
. 0667 
.0666 
.0863



S3

xxlx

x ■ 0.064 
12.016
11.004 
11.692 
11.370 
H . V.v 
11.062 
10.746 
10. 662 
10. '.6tf 
10.232 
10.010
9. 726 
9.496 
9. 262 
9. 020

.

12, 042 
11.812 
1 1 . 5 6 4  
11.170 
11.202
11.004 
10.632 
10. 62# 
10.468 
10.246
9.912 
9. 7.2 
9. 498 
9. 264

y Y/b
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5.816 
5. 894 
5. 1< '  
4.652 
4.5W  
1.600 
2 .9 7 , 

3.005 
2.571 
2.737 
2.772 
2. 744

. 1152 
. . Ii52 

. 1159 

. 1152 

.1138 

. 103b 

. 1003 

. 1020 

. 0982 

.0888 

.0641 

.0869 

. 0670 

.0667

.  J v . t ' , 3

.1154 

. 1156 

. 1135 
. 1162 

. 1094 

. 1046 

. 1037 

.0939 

.0089 

. 0892 

.0851

. 6 8 7 0  ^  

.0867



I
9.026 1.983 112.715
6. 792 1.936 2. 708

12 8.554 1.887 2.658
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tt i l 7. 628 1.699 2.629
17 7.412 1. 656 2.708
16 7. 176 1.608 2.679
19 6. 960 1.564 2.736
20 6. 752 1.522 2. 586
21 6. 664 1.484 3.022
22 6. 358 1.442 3. 122
23 6. 168 1.404 3. 307
24 S. 972 1. 364 3.450
2e> 5.784 1.326 3.636
26 5.582 1.285 3.757
27 5.400 1.248 3. 964
28 5. 202 1.208 4. 107
29
SO

5.010 
4. 822

1. 169 
1.131

4. 271
4. 457

SI 4.634 1.093 4.642
32 4. 442 1.0*4 4. 807

1 S3 4.264 1.018 5. 035
34 4. 988 0. 982 5.264

■ I  35 3.89= .943 6.426
36 E S  3.712 . 906 5.635
S7 3. 520 .867 5.799
36 3. 334 .819 5. 985
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40 2. 984 .758 6.463
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1 11. 804 2. 546 5. 760 . 1132
2 11.572 2. 49 5. 773 .1131
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4 11. 136 2.411 5. 887 . 1162
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4 11. 862 2.355 4.687 . 1049
4 10. 768 2. 336 4.260 . 10*2
4 10. 476 2.277 3.016 .0893
5 10.192 2.219 2. 773 .0870
6 9. 962 2. 173 2. 767 .0871
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8 9. 304 2. OKv 3. 794 . 0872
9 9.214 2.021 2. *10 .0847
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4 . 2. 371 5.030 . 1081
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15 7. 860
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19 6. 946
20 6. 746
21 6. 348
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29 5.012
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M a c h  2 P e n c i l  H a tr lb u U a n

t  roci Fig. 56
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Atm. T em perature: 71.4 / .
H u m id ity :  t / W *

b:0. 017M

y‘ Y/b P*
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1
2
3
4
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.
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7. 842
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7.296 .084
6. 982 .620
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5.81 
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S. 14
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a. 022 .831 5.76
7. 8G2 .803
7/738 . 774 6. 24
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4 7.466 .717 6.72
9 7. 116 .688 6.93
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7 6. 990 .622 7. 19
8 6. 800 .5*4 7.18
9 6. 608 .645 7. 14

10 6.344 .491 6. 70

X ■ 0.171
0 8.034 .834 8.84
1 7.890 .805 6. 07
2 7. 744 .776 6.27
3 7. 602 .740 6. 50
4 7.462 .716 6. 75
5 7. 324 .691 .
6 7. 188 .662 7. 26
7 7. 046 .034 7.51
8 6.910 .606 7. 76
9 6. 768 .677 7. 99

10 6.630 .549 8.29
11 6, 461 .515 8. 34
12 6.298 . .  4*2 8. 46
13 6. 176 .467 8.79
14 6. CIO .423 8. 89
15 4. 890 .399 9.15
16 j.  744 . 36V 9.45

a •  0. 161
0 8.038 .836 5. 87
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2 7.750 .776 6.30
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9 6. 780 .379 8. 05 . 1359
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15 5. 948 .411 9. 57 . 1501
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.263621. 71
22. 36 . 2690
22. 99 . 2737
23.6

.2911

. 1 1 6 0  

.1178 

. 1197 

. 1216 

. 1246 

. 1261 

. 1282 

. 1306 

. ISM . 1SW 

.

. 1404 

. 1430 

. 1434 

. 1477 

. 1498 
, 1330 
. 1361 
. 1387

8. 030 
7. 902 
7. 756 
7. 60S 
7. 470 
1. 324 
7. 160 
7. 046 
6.910 
6. .74 
6. 636 

.

.
6. 224
6. 086 
3. 946 
5.822 
1. 696 

.

9.54

10.21
10. 49



W \
X X X IV

V .

N y y
19 5.450 .316
20 5. 340 .287
21 5.2X2 .266
22 5. 126 .244
23 5.014 .221
24 4. 902 . 194
25 4. 60(1 . 178
26 4. 784. . 175
27 4. 568 . 131
26 4.456 . 107
29 4. 330 .083
30 4. 224 .061
31 4. ,21 ,041
32 4.C4d .024
33 3. 966 .009
34 >. 690 -. 006
35 3. *04 -. 82 >
36 3. 738 -. C36
38 3. u7i . v56
38 3.60( -. 064
39 3. S it -.077
40 3.476 -. 090
41 3. 402 ~. 101-
42 J. 334 -. i l t i
43 3. 2i>i -. 133
44 3.18* -. 146
45 3.108 -. 164
46 3.0111 -. 182

x » 0,110
0 8. 062.
1 7.51* .616
2 7. 764 .77
3 7.608 .747
4 7.404 .716
5 7. 322 .669
6 7. 176 .660
1 7. v36 .631
8 6. 950 .6 :4
9 6. 782 .576

10 6.628 .549
11 6 .492 .931
12 6. 366 . 4  3
13 6. 222 .466
14 6, 084 .436
II 5, ‘<fw .41$
16 ft. 826 . 316
17 s. 706 .962
18 A # . 530
14 5. 4<#b - it3
2? ,. 3S9 . 2v i
21 5, 240 .26?
22 9, lit* .244
21 8.018 ,*12
24 4. ‘-I f 8 .202
Zi 4.(417 . 181
36 4.693 . 167
37 4. 694 .1 )7
28 4.476 .113
29 4. 374 . 092
30 4.282 .07 5
31 4 . 94 .
32 4. 108 . Die

y/b

10. 88 
11.26 
11.70 
12. 12 
12.50
12. 92
13. 36
14. 28 
14. 11 
14. 47 
14.83
15.24 
H. 71
16.25
16.45
17.46 
18. 00
18. 6A 
19.28
19. lU
20. 56 
Z1.22  
21.82

22. 47
23. C7 
23.67 
24.24
24. 76

5. 97 
o.20
6. 38 
6. 52

6.70 
6. 98 
7.20 
7,43 
7.71 
7.97 
8,2* 
». 50 
6. ?',

9. 29
f , f>l  
9.90 

10. 26

SO. 96 
11. 12 
H . 71 
12. 12
12.53 
I I .  Of 
1». 44 
13* ft# 
1 4 .2 ' 
14. c i  
14. 07
15.54 
t f . P f l  
16.61

P'

. 1624 
. .1659  

. 1701 

. 1740 

. 1776 

. 1816 

. 1656 

. 1932 

. 1926 

. 1960 

. 1998 

.2012  
• 2 0 ? b
.2127  

E  2163 
.2240 
.2290  
.2352  
.2410 
.2469  
.2510  
.2592 
.2648  
,2709  
.2764 
.2821 
.2874  
.2923

. 1164 

. U86 

. 1203 

. 1214 

. 1233 

. 1259 

. 1279 

. 1301 

. 1327 

.1351 

. 1378 

. 1401 

. U25 

. 1451 

. 1475 

. 1561 

. 1532 

. 151*6 

. ISOt 

. 1631 

. 1665 

. 1700 

. 1740 

. ! 77b 

. 1833 

. IPO-t 

. 1897 
, 1S41 
. 1C75 
.2016 
. 70*; 
.2 )11  
. 2 X62



t

■v -  ■' ■

y*
33 4. 028
34 3.460
35 3. 672
36 3. 800
37 3.780
38 3.662
39 3. 590
40 3. 522
41 3.446
42 3. 382
43 3.310
44 3. 226
45 3. 148
46 3.068
4? 2. 962

X ® 0. 070
4 5.07v
1 7. 926
I 7. 772
3 7.618
4 7.472
5 7. 120
6 7. 178
7 7.032
8 6. 898
9 6. 762

10 6.622
11 6. 490
12 6. 334
13 6.218
14 6. 100
15 5, V72
16 5.830
17 5. 730
18 5.602
19 5.498
20 5. 3OU
21 .

22 8, 142
23 5.032
24 4.912
25 4. 622
26 4.
27 4.600
28 4. 492
29 4. 400
30 4. 322
31 4.24a
32 4. 166
S3 4. 090
34 4.018
35 3.932
36 3. 858
37 3. 788
36 .

39 3.646
40 3. 580
41 3.500
42 3.430
43 S. 3 2
44 .

45 3. 198

.041 

. 00 ,. 
-. 039 

024 
-. 02a 
-.052 
». 066 
-.080 
-. 096 
-. 109 
-. Zl> 
». 140 
-. 156 
-.172 
-. 140

.446 

.416 

.391 

. 367 

. 341 

.319 

.290 

.271 

.247 

.224 

. 2 0 1  

. 182 

. 162 

. 137 

.117 

.047 

.061 
• to6 
.049 
.034 
.019 
.

- . 0 1 2  
-. 040 

.
-» 065

-,085
.

-. 11r- 
- . 13! 
-. 1*6

Y/b

17. 17 
17.83
18. 38 
18. 48
19. 37
20. 23 

20. 86
21 48 
22. 06 
22.71 
23. *4
23. -.6
24. 46 
£5. Pi
25.

XXXV

6.03 

6*. 43
. 749

,6.>,

• 976

3.75 
4.63 
9. 39 
9. 7( 

lu.
10. 40 
10. 70 
1 1 . 1 2  

11.50 
11.84 
12.20 
12.61
12.97 
13.47 
13.93 
14.27
14.66 
15.20 
15.77 
16. 37 
16.42 
17.51 
18. 12
18.67 
19.30
20. 51 

20. 55
21. 15 
21.80 
22.35
22.98 
23.55 
2 4 .12 
24. 72

■ I :  ■ .



9 T

XXX Vi

N

46
47
48

7
8
9

IQ? 
11 6 
12
13
14 
18 
16
17
18
19
20 
21 
22
23
24
25
26
27
28 
29 
SO
31
32
33 
14 
31
36
37
38
39
40
41
42
43
44 
S5
46
47
48

0
1
2
3
4 
1 
i

y‘
3. tOb
3. 026
2.930

x « 0. 9
8. 082 
7. 924 
7. 778 
7.620 
7. 468 
7. 322 
7. 172 
7. 016 
6. 882 
6. 746 

.
6.472 

K ,.346 
6. 226 
6, 104 
5. 982 

E  V 862 
5. 742 
5. 624 
1.444 
5. 3en
4. 262
5. 14,2 
1,036
4.930 
4.816 
4.710 
4.606 
4.506 
4. 420 
4. 340 
4. 264 
4. 194 
4. 118 
4. 046 
3.986 
3.893 
3.813 
3. 743 
3. 676 
3. 602

.
3. 443

374 
3.296 
3.210 
3. 134 
3.042 
2. 949

8.086  
1. 9 3,1 
7. 778 
‘ .6 ,3  
7. ^80 
7. 310 
7. 176

K
.164

V ,b

-. 181 24. 79
-.200 26. 28

.844 6.11
,811 6.23
.782 6. 46
.750 6. 60
.719 6.78
.689 6. 98
.659 7. 18
.629 7. 38
.600 ? .6 l
.573 •. 8?
.444 k . l ’
.577
.491

i.:iv  
9. VO

.467 9.07

.442 9. 39

.41H 9.75

.3  3 10. 09

. 360 10.44

.345 10.81

.319 11. 12

. 2 , ,

.272
11. 50 
11.86

.247 12.20

.226 12.64

.604 13.65

. I N? 13. 44

. 160 13. 88

. U9 14. 32

. 119 14.79

. l e t 15.31

.085 I S  88

. 06“ lJ.45

.055 17.08

.040 17.68

.019 18.28

.009 18.85
-.004 19.51
-. 020 20.08
-. 14 20.71
-. 04 ) 21.31
*• 064 21.91
-.080 22.48

095 23.08
-.110 23.6*
-.226 24.26
-. 144 24. 78
-. 159 25. 38

178 25. 87
-. 199 26. 36

.844 M l

.813 6, 28

. 782 6.46

.751

.721 6. *3

.691 7.03

.660 7.20

: : :  
. 3065

.1177  

. 1169 

. 1210 

. 1223 

. 1240 

. 1219 

. 1278 

. 1296 

. 1318 

. 1344 

. 1365 

. 1391 

. 1420 

. 1454 

. 1484 

. 1516 

. 1

. 1584

. 1617 

. 1646

. 1682 

. 1716 

.1743  

. 1789 

. 1627 

. ZM3 

. 1904

: i &
. 3019 
.2092 
.2144 
.2204  
.2260  
.2317  
.2370  
.2412 
.2485  
.2544  
„ 2600 
.2646  
.2710  
.2766  
,2822 
.2676  
.2929  
.2981 
.3027  
. 3073

. 1177 

. 1193 

. 1210 

. 1226 

. 1254 

. 1264 

. 1279



•/

>  .

y'
l . O l l  
6.876 
6. 736 
6. 604 
6.47/ 
t>. 346 
6. 222 
6. 102 
5. m  
:.*64 
•>. S4/. 
6.624 
5.300 
S. 382 
5. ,270 
5. 162 
5. 042 
4. 428 
4.816 
4.7V, 
4.610 
4.530 
4.446 
4. 356 
4.274 
4 .10O 
4. 132 
4.054 
3. >M 
3.906 
!. 830 

.

3.686 
3.620 
J. S42 
3 .462 
3. 390 
3. 308 
3. 232 
3.146 
3. 055 
2.952

xxxvii

Y/b

7. 38 
7.58 
7.83
8. 11
6. 39 
8.70 
9.03 
9. 39
9.81 

10. 12 
10.44
10.81 
11. 14 
11.49 
11.89 
12.25 
12 .6 6  
13.05
11 44
13.86
14. 32 
14.84
1 6 .3 '
15, 96 
16,51 
17.11 
17.73 
18.33 
16.93
19. 56
20. 14 
20.76
21. .6 
22. 0*
22. 59 
2 3 .IS*
23. 76 
24.31 
24.91 
25.46 
25.90 
26. 39

P’

.1296 

. 1315 

. 1338 

. 1365 

. 139!

. 1420 

. 1451 

. 1484 

. 1624 

. 1653 

. 1584 

. 1617 

. 1648 

. 1681 

. 1718 

. 1752 

. 1790 

. 1827 

. 1863 
. 1905 
. 1946 
.1995 
.2046 
.2056 
.2151 
2207 

.226 > 

.2321 

.2377 

.2436 

.2491 

.2349 
.26*3 
. 2667 
.2710 
.2773 
.2829 
.2881 
.2937 
. 2989 
. 3037 
. 3076



xxxvU

N

7.02Z . 1315.. 376 . 1338v. 73S . 13656.604 .13916.47Z . 14Zv6. 346 . 14516. 222 . 14*46. 102 . 1524
5 . 9 9 2 . 165310. 126 . 864 . 158410.455. 346 10.815.624 . 164811. 145. 100 . 168111. 495. 382 . 171611.895.270 . 175212. 255. 152 . 179012. 66

. 18274. 426 . 186313. 444 .6  V • 190513* 884.7V, . 194614.32.
. i l l  
. 104
.068 
.071 
.056 
.042 
.027 
.012  

- . 0 0 2  
-.018 
. 012 

-. 047 
-.060 
-.070 
.092 

-. 107 
-. 124 
-. 119 
.15* 

-. 174 
. 196

4.610 . 19954.520 .2046.4. 4*6 .209015.964. 35b .215116.. 514.274 .220717.114.20' .226  ,17.734. 132 .232118. 3 J4.054 .237718.933. 964 .243619.563.900 .249120.143.33 .254920. 763. 7(,0 .268521.363.686 .206722.023.62 ' .171022.59
23. II* .27733. 4v- .282923. 763. 390 .288124.31». 303 .293724.913. 232 .298,"25.463.140 . 303725.90J. 058 26. 392 .9 5 2

________ _____



x x x v i i i

-t. iA LLE NG. 5

fl
Mach 2 v.w aity  Distribution A Iona th.s

c m - M ? ! * .  ; r -  —

I

i’ r e a ^ .-r e :  1 1 . 9 5  p s ia .  
t o t 7 1 .

z /

y

rlumidity: fc9

t ' a r y Y/b

3. 600 -0.4J62 1.330 . 1047
S. 800 - .3657 .342 .1072
4. COO - . !U'i2 1 390 . 1088
4.200 - .2848 •4. 330 . 1088
4. 324 « .2  <97 4. 34 K . 1084
5.612 . 0008 4. 612 . 1011 . 1180 0. 521 .0662
5. 650 . 00*4 4.202 .0788 .1182 1.216 .0728
5. 700 .0186 4. 0~4 .0530 . 1187 2. 028 .0804
3. 723 . 0236 4. m e .0432 . 1188 2. 334 .0632
5.750 .0287 4. 00C .0380 . 1188 2.493 .0847
3. 773 .0337 3.99t .0376 .1189 2. 510 .0849
6.000 . 0793 3. 998 .0376 . 1205 2.560 .0854
6. 300 . 1399 4.03? .0445 . 1223 2.099 .0810
6. 600 .2006 4. 04C .0461 . 1243 2. 421 .0841
6. 900 .2613 4. 040 .0461 . 1236 2.479 ,084b
7.200 .3220 4, os: .0481 . 1284 2.479 .0846
7. 300 . 3827 4. 06? .0505 . 1304 2.467 . 0645
7. 800 .4434 4. 07? .0525 . 1320 2.454 .0643
6. 100 .5041 4. 078 .0530 . 1342 2.482 . 0946
8.400 . 5648 4. 084 .0350 . I 960 2. 500 .''348
8. 300 .5850 4. 06d .0558 . 1367 2. 497 .'*l'.4«
ti.550 . 5951 4. ICC .0382 . 1370 2.432 .0848
6. 575 .6002 4. tad .0639 . 1371 2.239 .0825
8. 600 .6032 4. 170 0.0736 . 1373 1.9f6 . 0798
8. 625 .0103 4.23*; .0853 . 1375 i .  611 .0765
0.630 .6153 4.294 .0975 . 1377 1.241 .0730
8.673 . >204 4. 336 . 1100 . 1378 1. 167 .0713
6. 704 . 0263 4.420 . 1224 . 1980 0.466 . 0657
9. 940 .8763 4. 336 . 1464

10.400 .9644 4. 544 . 1480
10.200 .9289 4. 54, . 1472



»:ach 2 C^ntrai L>en«lty L>lHtributlon
t'ror, iu iv? r tn  •. , ;■ I s .  $0----------

•‘itm . P re ssu re : 11,93 pels .tumidity ■ 64^
Aim. Te riperftturet fc8. 6° . p0 » V. 3820

y Correction p P/P0 M

2 . 0865 .01)0 .0975 3.917 1.905
1.415 .09 . 00!>0 .0950 4.021 1.955
1.319 .0*5 .0038 . 0988 3. 866 1.895
1. 190 . 1 .0032 . 1032 3. 701 1.827
1.081 . 109 .0028 . 1078 3. 543 1.814
. 999 ,11 .0025 . 1125 3. 395 1.771
.800

; : • !

.0020 . 1220 3. 131 1.701
.618 .0015 . 1315 2. 904 1.631
. s io .0011 . 1411 2.707 1.562
.432 . 19 .001 ) . 1510 2.529 1.494
.360 . 16 .0009 . 1609 2.374 1.438
• 2b6 . 17 .0008 . 170# 2.236 1. 371'
.219 . IK , t u07 . 1607 2.114 1. R
. 120 
. 0S2

.

.42
. 0U01 .2001

.2200
1.909
1.736

1.222
1.045



Atm. j reseures 11.93 psia 
Atm. Tenpenature: 6 8 .6°F.

tumidity ■ 64%
) p -  0. 009363

iba/cu ft

N y y

0 1.32 1.411
1 1.85 1. 174
2 2.21 1.013
3 2.61 0 .833
4 3. 00 0 .659
5 3 .26 0. 542
6 3 .4 4 0. 461
7 3 .62 0. 381
8 3. 78 0. 310
9 3 .915 0.251

10 4 .0 3 8 0. 199

P'

. 0 9 7 5  

. 1069 

. 1162 

. 1256 

. 1349 

. 1443 

. 1537 

. 1630 

. 1724 

. 1818 

. 1911
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>
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X IL

- "

1

r
I

TABLE NO. 8 , ,  i ...

,

Atm. Pressure: 11.9b psia 
Atm. Temperature: 71.4°F.

Humidity ■ 69%
)p  = . 009363 Iba/cv ft

No. y* above bottom 7

0 2.53 1. 140
1 2. 36 1.050
2 2. 04 0. 879
3 1.72 .709
4 1.45 .565
s 1.285 .477
6 1. 16 .410
7 1.03 .341
8 0.905 .274
9 .800 .218

10 .700 . 165
11 .615 . 120
12 .580 . 101
13 .505 .061
14 .462 .038
15 .415 .013
16 . 375 -. 007
17 .325 -.034
18 .285 -.055
19 .235 -. 082
20 . 190 -. 106
21 . 120 0. 143
22 .085 -. 162

DM..** «#w#m - ' 4



%

OIL

?

' i
v

V

TABLE NO. 9

Mach Z Central Denaitv Dlstributipn 
from Composite Fringe a t'xg.

Atm. PreHSure: IV.956 nsla 
Atm. Temperature: 6 F.

Hi.-nldity: 62%

1.24

1.99 
2.37

.

1.356 .0968
1. 133 . 1062
.967 1155
.770 . ’ 249
.635 134?
.541 . 1436
.466 . IS30
.401 . 1623
.328 . 1717
.271 . 1811
.224 . 1904
. 188 . 1998
. 152 .2091
. 126 .2185



M a c h  3  C e n t r a l  P e n a l t y  D i n t r i b u t l o n

from Infinite F rinaes  Fig, 40 
fbaaed on p ressu re  iaps)

Atrru Preueure: 11.934 psla 
Atm. Temperature: 68. 8°F.

Humidity: 7t%
pn ■ 0. 3826 Ibs/cu  ft.

N y' y P'

0 .2 1,942 .0381
1 .75 1.649 .0474
2 1.13 1.446 .0568
3 1.43 1.285 .0662
4 1.67 I. 157 .0755
5 1.94 1.013 .0849
6 2. 14 .906 .0943
8 2. 32 .810 . 1046
8 2. 47 .730 . 1130
9 2.61 .656 . 1223

10 2.73 .591 . 1327
11 2.87 .516 . 1411
12 2. 94 .478 . 1504
13 3.04 .425 . 1598
14 3.115 .385 . 1692
15 3. 165 .347 . 1785
16 3. 26#, . 310 . 1879
17 3. 33 3 .267 . 1973
18 3.410 .227 .2066
19 3.495 . 182 .210;
20 3. 590 . 131 .2253
21 3. 720 .062 .2347
22 3. 840 -.002 . 3441

Corr.

.0076 

.0065 

.0056 

.0049 

. 004?. 

.0035 

.0031 

. 0026 

.0023 

.0015 

.0016 

.0012 

.0010 

.0008 

.0005 

.0003

.0457 

.0539 

.0624 

.0711 

.0797 

.0884 

. 0974 

. 1072 

. 1153 

. 1241 

. 1343 

. 1423 

. 1514 

. 1606 

. 1697 

. 1788 

. 1879 

. 1973 

.2066 

.2160 

. 2253 

.2347 

.2441

8.37 
7. 11
1. 14 
5. 38 
4.81 
4.33 
3.93 
3.57 
3.31 
3. 08 
2.85 
2.69 
2.515
2. 383 
2.258 
2. 142 
2. 042 
1. 940 
1.851 
1. 782 
1. 700 
1.631 
1.568

M

2. 538
2.441
2. 310 
2. 190 
2. 092 
1.999 
1.909 
1. 822 
1.752 
1.686 
1.610 
1.552 
1.492
1.442 
1.290 
1.334 
1.282 
1.232 
1. 195 
1. 145 
1.095 
1.045 
ft, Q02



*

X IV L

t a b l e  n o .  i l

3 Central mgtrlbution
'  r o m r o a l t e  F r i n ^em

At-7i. P r e * B u r e :  l l * 9 * 4 P®ia  
A tm . T e m p e r a t u r e :  6 t i . t i  F .

Humidity: 76 ?« 
-  .009363

N 7*

.32 

.89 
1.26 
1.54 
1.7ft 
2.01 
2. 18 
2. 32 
2.45 
2. 58 
2.67 
2.77 
' .8 6  
2 . :$  
3.01 
$.06 
3.13 
3.21 
3.29

3.48

1.869 
1.548 
1.340 
1. ’ 82 
1.047 

.918 

. 822 

.743 

.670 

.597 

.546 

.490 

.439 

.369 

. 155 

.315 

.267 

.242 

.197 
. 112 
.092

P'
.0457 
.0550 
. 0644 
.0738 
.0831 
.0925 
. 1019 
. 1112 
. 1206 
. 1299 
. 1393 
. 1487 
. 1680 
. 1674 
. 1768 
. 1661 
.1965 
. 2049 
.2142 
.2236 
. 2329



N

Mach Z Boundaj*y Layer* 
from V ig u . 3L and 36

TABLE NO. 12

X' X x/6 y y Y/b P' P'/pj

6. 7C0 .306 9.512 2. 082 163 .0596
6.65 .295 9.512 2.082 -. 163 .0596
6.6 .285 9.512 2.082 -. 163 .0596
6.55 .275 9. 528 2. 085 -.099 .0602
6.5 .265 9.612 2. 102 -. 265 .0635
6.45 .225 9. 792 2. 138 1.037 .0708
6.425 .250 9. 86 6 2. 157 1.444 .0746
6.4 .245 9. 998 2.180 1.937 . 0792
4. 775 .240 10.108 2. 202 1.408 .0836
6. 35 .235 10.194 2.220 2. 794 .0872
6. 325 .230 10.288 2.239 3.201 .0910
6. 3 .22= 10.358 2.253 3. 501 .0938
6.275 . 220 10.432 2. 268 3. 823 . 0968 Q
6.25 . 10.464 2.275 3.973 .0982
6. 225 • 209 10.470 2.276 3.994 .0984
6.2 .204 10.490 2.280 4.050 .0992
6. 15 . 194 10.502 2.282 4. 123 .0996
6. 1 . 184 10.498 2.281 4. 101 .0994
6.0 . 164 10.502 2.282 4. 123 .0996

6.00 . 101 9.814 1.981 2. 672 .0861
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