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We c a l i b r a t e d  t h e  secondary emission chamber and l o s s  monitor which 

are used t o  measure t h e  Slow Ext rac ted  Beam e x t r a c t i o n  e f f i c i e n c y .  Using 

t h e s e  monitors,  w e  measured (and changed) the  s p i r a l  p i t c h ,  we measured 

t h e  e f f e c t i v e  th ickness  of t he  F5 magnetic septum and t h e  H20 e l e c t r o s t a -  

t i c  septum, and w e  measured t h e  e x t r a c t i o n  e f f i c i e n c y  wi th  and without  

t he  H20 septum. 

e j e c t o r .  The H20 septum made a s i g n i f i c a n t  improvement, bu t  s t a r t i n g  

from a l e v e l  t h a t  i s  cons iderably  worse than  it should be. Many areas 

f o r  improvement a re  suggested.  

I n  a d d i t i o n ,  w e  s tud ied  v e r t i c a l  l o s s e s  a t  t h e  F10 

I. In t roduc t ion  

1 Slow e x t r a c t i o n  of t h e  AGS beam i s  normally done i n  two s t a g e s ,  us ing  

septum magnets a t  F5 and F10 (see Table  1). To improve t h e  e x t r a c t i o n  e f f i -  

ciency, an  e l e c t r o s t a t i c  septum d e f l e c t o r  (see Table  1) has been i n s t a l l e d  

a t  H2OY2 but  has  never been used f o r  normal opera t ion .  

s tud ied  va r ious  a s p e c t s  of t h e  slow beam e x t r a c t i o n  wi th  and without  t h e  

H20 device.  The r e s u l t s  of t hese  s t u d i e s ,  which raise as  many ques t ions  

as they answer, a r e  presented  here .  

I n  February we 

11. Secondary Emission Chamber Aging E f f e c t s  

We scanned t h e  beam h o r i z o n t a l l y  ac ross  t h e  secondary emission chamber 3 

t h a t  i s  loca ted  a t  t h e  beginning of t h e  SEB l i n e  (CE10) and a c r o s s  t h e  one 

j u s t  upstream of t h e  B t a r g e t .  

t i o n  f o r  t hese  devices ,  and show t h e  well-known e f f e c t  of ag ing;  t h e  response 

a t  t h e  p l ace  where the  beam normally passes i s  low by - 15%. This  ag ing  

e f f e c t  makes sys temat ic  s t u d i e s  of beam e x t r a c t i o n  d i f f i c u l t  s i n c e  t h e  

F igu res  1 and 2 g ive  t h e  response vs .  posi-  
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. 
SEC response i s  a func t ion  not  only of beam i n t e n s i t y  but  a l s o  of s t e e r i n g  

and of i n t e g r a t e d  exposure t o  protons.  

4 Severa l  cu res  f o r  t h i s  problem are  being inves t iga t ed .  

111. Loss Monitor Response 

Loss monitors5 are i n s t a l l e d  i n  va r ious  p laces  (Fig.  3) t o  monitor 

t h e  slow beam e x t r a c t i o n .  One change which w e  made w a s  t o  read s e p a r a t e l y  

t h e  F5+F7 and t h e  F’10 monitrhrs; we could then-s tudy  t h e  sepa ra t e  l o s s e s  

on t h e  F5 and F10 magnets. 

0 

The l o s s  monitor response w a s  s tud ied  by inducing beam l o s s e s  a t  

va r ious  p o i n t s  a long  t h e  r i n g .  F igure  4 shows t h e  response of t h e  r i n g  

loss  monitor t o  l o s s e s  induced by varying t h e  F5 septum magnet cu r ren t  

and t h e  r i n g  sex tupole  c u r r e n t .  Here CBM i s  t h e  readout  of t h e  c i r c u l a -  

t i n g  beam t o r o i d  which has  a c a l i b r a t i o n  of 100 counts  per  1OI2 protons.  

The l o s s e s  induced by t h e  two d i f f e r e n t  methods l i e  on t h e  same s t r a i g h t  

l i n e .  The i n t e r c e p t  of t h i s  l i n e  on t h e  h o r i z o n t a l  axis a t  8.0 i s  a 

measure of t h e  r e l a t i v e  response of t h e  C10 SEC and t h e  c i r c u l a t i n g  beam 

t o r o i d  and, assuming t h e  l a t te r  i s  accu ra t e ,  shows t h a t  t h e  former has 

a c a l i b r a t i o n  of 800 counts  pe r  10” protons.  The SEC i n t e g r a t o r  ga in  

had been s e t  i n i t i a l l y  by f o i l  a c t i v a t i o n  wi th  an unaged chamber t o  

g ive  1000 counts/1012; t h e  r educ t ion  t o  800/1012 is presumably r e l a t e d  

t o  t h e  ag ing  e f f e c t  descr ibed i n  t h e  previous sec t ion .  

The i n t e r c e p t  of t h e  l i n e  i n  F ig .  4 wi th  t h e  v e r t i c a l  axis a t  6.0, 

o r  equ iva len t ly  t h e  s lope  of -0.75, g ives  a RLM c a l i b r a t i o n  f o r  beam 

l o s s  of 600 counts/1012 protons.  This  c a l i b r a t i o n  w i l l  obviously de- 

pend on where i n  t h e  r i n g  t h e  protons a r e  l o s t ,  and on t h e  d e t a i l s  of 

how they  are l o s t  and how much material i s  nearby t o  s h i e l d  o r  t o  make 

cascades.  W e  s tud ied  t h i s  v a r i a t i o n  f o r  a number of sources  of loss. 

I n  each case t h e  range of loss  was much smaller than  was t h e  case  f o r  

t h e  da t a  of F ig .  4 ,  s o  t h e  c a l i b r a t i o n  w a s  by s lope  r a t h e r  than  i n t e r -  

cep t .  

C a l i b r a t i o n  curves t h u s  obtained f o r  va r ious  sources  of l o s s  a re  

shown i n  F i g s .  4-9 f o r  RLM, i n  F igs .  10-13 f o r  FlOLM, i n  P igs .  14-15 

f o r  F5LM and i n  F igs .  16-17 f o r  HZOLM. C lea r ly  t h e  lo s ses  f o r  a given 

monitor do not  l i e  on a u n i v e r s a l  s t r a i g h t  l i n e .  I n  f ac t ,  even f o r  

l o s s  generated i n  a p a r t i c u l a r  way ( f o r  example, i n  F ig .  4 by vary ing  
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t h e  FLO rad ius )  t h e  l o s s  p o i n t s  tend t o  l i e  on a curve wi th  two branches,  

one correspondzng t o  rad3us less than  optimum, t h e  o the r  t o  r a d i u s  g r e a t e r  

than  optimum. Away from t h e  minimum, however, t h e  p o i n t s  i n  a g iven  

branch tend t o  l i e  on s t r a i g h t  l i n e s  and w e  can a s s i g n  s lopes  and hence 

c a l i b r a t i o n  f a c t o r s .  These f a c t o r s  are summarized i n  Table  2. 

e 

Losses were also induced by f l i p p i n g  t h e  J l 9  t a r g e t  and by a d j u s t i n g  

t h e  s p i l l  se rvo  t o  g ive  a sp ike  a t  t h e  end of t h e  s p i l l ;  l o s s  monitor 

responses  f o r  t h e s e  l o s s e s  are  a l s o  given i n  Table 2. 

The RLM response f a c t o r s  obtained i n  t h i s  way l i e  i n  a f a i r l y  narrow 

range f o r  a l l  t h e  sources  of loss  t r i e d ,  except f o r  t h e  J19 t a r g e t  loss. 

I n  p a r t i c u l a r ,  t h e  response i s  similar f o r  l o s s e s  on each of t h e  t h r e e  

e x t r a c t i o n  s e p t a ,  s imula t ing  l o s s e s  during normal ex t r ac t ion .  Based on 

t h e  measured responses ,  we a s s i g n  u n i v e r s a l  c a l i b r a t i o n  f a c t o r s  f o r  each 

of t h e  fou r  loss  monitors given i n  t h e  last  l i n e  of Table 2~. From t h e  

v a r i a t i o n  of t h e  measured responses ,  we a s s i g n  somewhat a r b i t r a r i l y  a n  

e r r o r  of f 30% t o  each c a l i b r a t i o n  f a c t o r .  

The F10 loss  monitor responds t o  l o s s e s  on both t h e  F5 and F10 

sep ta .  The i n d i v i d u a l  l o s s e s  a t  F5 and F10 can be obtained from t h e  

F5 and F10 l o s s  monitor s i g n a l s  by invers ion .  W e  have 

(F5LM/CBM) = ( l o s s  on F5 septum) (100/100) 

(FlOLM/CBM) = ( l o s s  on F5 septum) (40/100) f ( l o s s  on F10 septum) 

(120/100) 

and t h e r e f o r e ,  

l o s s  on F5 septum = (F5LM/CBM) (100/100) 

l o s s  on F10 septum = (FlOLM/CBM) (100/120) - (F5LM/CBM) (100/100) (40/120) 

The o the r  l o s s e s  a r e  given by: 

l o s s  on H20 septum = (H~OLM/CBM) ( ~ O O / l O O O O )  

t o t a l  r i n g  loss  = (RLM/CBM) (100/620) 
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IV. S p i r a l  P i t c h  

F igu re  18 shows t h e  v a r i a t i o n  i n  r i n g  l o s s  and H20 loss as t h e  H20 

septum r a d i a l  p o s i t i o n  i n  changed. These measurements were made wi th  

r ecen tkope ra t iona l  s e t t i n g s  of t h e  slow beam parameters.  The s p i r a l  

p i t c h  a t  H20 can be read from t h i s  graph as t h e  d i s t a n c e  between t h e  

d ip  i n  r i n g  l o s s  near  1.8 inches (where t h e  H20 septum shadows t h e  

F5 septum) and t h e  f a l l - o f f  YniH20- l o s s  near  2.2 inchels. (wherel_the-  

septum has moved t o  t h e  edge of t h e  ex t r ac t ed  beam). 

o r  beam width thus  obtained i s  0.42 inches.  Since t h e  h o r i z o n t a l  

a p e r t u r e  of t h e  H20 device  i s  only 0.39 inches ,  t h e r e  i s  a p r e c i p i t o u s  

r i s e  i n  H20 loss  near  t h e  normal opera t ing  p o s i t i o n  of 1.8 inches.  Using 

t h e  F5 f l a g ,  we measured t h e  s p i r a l  p i t c h  a t  F5 and found a va lue  of 

0.8 f 0.05 inches.  The s p i r a l  p i t c h  a t  F5 .is g r e a t e r  than  t h a t  a t  H20 

both because F5 i s  a h o r i z o n t a l  b e t a  maximum and because t h e  beam sp i ra l s  almost 

t h r e e  t u r n s  i n  going from H20 t o  F5 and hence t h e  s p i r a l  p i t c h  grows. 

The measured r a t i o  of s p i r a l  p i t c h e s  i s  1.9. 

The s p i r a l  p i t c h  

I n  order  t o  c l e a r  t h e  H20 h o r i z o n t a l  a p e r t u r e ,  w e  reduced t h e  F5 

and H20 o r b i t  bump c u r r e n t s  and thereby  reduced t h e  s p i r a l  p i t c h  t o  

a va lue ,  measured on t h e  F5 f l a g ,  of 0.6 f 0.05 inches.  We then  obtained 

t h e  H20 r a d i a l  scan  r e s u l t s  i n  F ig .  19,  showing a s p i r a l  p i t c h  a t  H20 of 

0.29 inches and no sharp p i s e  of H20 l o s s  a t  s m a l l  r ad ius .  

F igure  19 a l s o  g ives  us  a measurement of t h e  h o r i z o n t a l  v a r i a t i o n  of 

beam dens i ty  (as t h e  beam s p i r a l s  out i t s  dens i ty  dec reases ) .  I f  w e  

d e f i n e  

beam dens i ty  a t  nominal septum r a d i a l  p o s i t i o n  
average beam dens i ty  f =  

then  t h e  H20 l o s s  curve i n  F ig .  19 g ives  f = 1.5. Thiis f a c t o r  f i s  

important i n  e s t ima t ing  beam loss  a t  septa. I f  t i s  t h e  e f f e c t i v e  

septum th ickness  ( inc lud ing  beam divergence e f f e c t s )  and s i s  t h e  

sp i r a l  p i t c h ,  then t h e  expected beam loss is 
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V.  E f f e c t i v e  Septum Thicknesses 

F igu re  20 g ives  t h e  measured F5 l o s s  vs.  F5 skew angle .  This  curve 

i s  much broader  than  expected f o r  a 0.030 inch  septum, and i t s  minimum 

l o s s  va lue ,  L = 0.17, i s  much g r e a t e r  t han  expected. It impl ies  an 

e f f e c t i v e  septum th i ckness  of 0.090 inches.  

W e  la ter  examined t h e  copper septum and found l a rge  bumps on it  near 

i t s  leading  edge. The magnet was t o o  r a d i o a c t i v e  t o  j u s t i f y  a mechanical 

measurement of t h e  th i ckness  of t h e s e  bumps. 

F igu re  2 1  i s  t h e  corresponding skew curve f o r  t h e  H20 e l e c t r o s t a t i c  

Here a l s o  t h e  minimum loss  va lue  i s  much g r e a t e r  than  expected; septum. 

t h e  va lue  L = 0.073 a t  83 kV corresponds t o  a n  e f f e c t i v e  th i ckness  of 

0.014 in .  Since t h e  expected c o n t r i b u t i o n  of beam divergence i s  only 

0.002 i n . ,  t h e r e  i s  a cons iderable  discrep?ncy. Another f e a t u r e  of t h e  

H20 loss  w a s  t h a t  i t  va r i ed  wi th  t i m e ,  by as much as a f a c t o r  of two 

over a per iod of s e v e r a l  days. It i s  conjec tured  t h a t  f o i l  wr inkl ing  

r e l a t e d  t o  beam hea t ing  of t h e  f o i l  and of t h e  s o l i d  s t e e l  cathode i s  

a n  imporEant e f f e c t .  Tests  of t h i s  idea  are planned. 

V I .  Vertical  Losses a t  F10 

With t h e  separate readout  of €75 and F10 l o s s e s ,  w e  found t h a t  t h e r e  

w a s  a beam los s  of s e v e r a l  percent  on t h e  F10 e j e c t o r  magnet. 

s e v e r a l  i n d i c a t i o n s  t h a t  t h i s  loss  came from v e r t i c a l  a p e r t u r e  scraping:  

(1) t h e  beam spo t  on t h e  F10 f l a g  w a s  o f f - cen te r  v e r t i c a l l y ;  (2) when 

w e  scraped t h e  beam wi th  t h e  J10 v e r t i c a l  t a r g e t ,  t h e  F10 loss  decreased 

whi le  t h e  F5 loss  s tayed  t h e  s a m e ;  ( 3 )  we s t e e r e d  t h e  beam v e r t i c a l l y  

wi th  t h e  F20 and I15 v e r t i c a l  bump magnets and found t h a t  t h e  F10 loss  

could be reduced. Unfor tuna te ly ,  t h e r e  i s  a l s o  another  v e r t i c a l  l o s s  

problem, a t  t h e  A/C s p l i t t e r  AD019, and s i n c e  F20 and 115 are t h e  same 

phase we could n o t  steer f o r  simultaneous c l ea rance  a t  both a p e r t u r e s .  

The 115 ve r t i ca l  bump magnet w i l l  be moved t o  110 t o  improve t h i s  

s i t u a t i o n .  

There were 

V I 1 ;  Ex t r ac t ion  Ef f i c i ency  With and Without t h e  E l e c t r o s t a t i c  Septum 

F igure  22 shows t h e  F5 loss  vs. F5 septum r a d i a l  p o s i t i o n ,  f o r  

va r ious  vo l t ages  on t h e  H20 septum. Even wi th  no app l i ed  vo l t age ,  

t h e r e  i s  a loss  r educ t ion  when t h e  septum shadows are l i n e d  up.6 

the  high vo l t age  inc reases ,  t h e  v a l l e y  i n  t h e  curve g e t s  wider and 

deeper.  
0 . 3  inches f o r  each m i l l i r a d i a n  of bend a t  H20. 

A s  

From t h e  curves w e  can i n f e r  a d e f l e c t i o n  a t  F5 of about 
Since H20 i s  almost 
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exac t ly  a n  i n t e g r a l  number of wavelengths (24) upstream of F5 a t  t h e  

e x t r a c t i o n  tune of 8 2/3, t h i s  d e f l e c t i o n  would be ze ro  i n  t h e  ab- 

sence of non- l inear  e f f e c t s .  The d e f l e c t i o n  comes about because of 

t h e  non-l inear  growth of r a d i u s  i n  resonant  e x t r a c t i o n .  The ca l cu la -  

t ed  va lue  i s  0.34;riri-ches. 

0 
2 

Table 3 gives  a comparison of t he  e x t r a c t i o n  e f f i c i e n c y  wi th  and 

without  H20. I n  t h e  process  of t u rn ing  on H20, w e  a l s o  changed t h e  

sp i r a l  p i t c h  a t  F5 from 0.8 t o  0.6 inches.  Presumably t h e  e x t r a c t i o n  

e f f i c i e n c y  without  H20 but  wi th  0.6 inches s p i r a l  p i t c h  would have 

been even worse than  shown. 

With 0.8 inch s p i r a l  p i t c h ,  t h e  h o r i z o n t a l  emit tance of t h e  extrac- 

t e d  beam i s  much l a r g e r  than  had been assumed i n  designing t h e  switch- 

yard.  Indeed, t h e r e  w a s  a dramatic  improvement i n  t h e  switchyard e f f i -  

c iency  wi th  reduced s p i r a l  p i t c h ,  as shown i n  t h e  next t o  last  l i n e  i n  

Table 3 .  The n e t  r e s u l t  t h a t  t h e  o v e r a l l  r a t i o  of de l ive red  beam t o  

c i r c u l a t i n g  beam improved from 52% t o  70%. 

0 
About two s h i f t s  of opera t ion  under these  improved condi t ions  were 

- accumulated before  t h e  shutdown t i m e  a r r i v e d .  
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F10 32+48 in .  4800 A 9.5 kG 20 mrad 0.53’ in .  1.5 i n .  0.75 in .  

Table  1 

Slow Beam Ex t rac t ion  Devices 

Loca- Exc i- Septum Aperture  ( i n .  ) 
t i o n  Length t a t i o n  F i e  Id Def l ec t ion  Thickhess €€or i z  . Vert. 

H2 0 60 i n .  80 kV 80 kV/cm 0.43 mrad 0.003 in .  0.39 i n .  

. , l  

F5 26 in .  2100 A 1.5 kG 1.1 mrad 0.030 i n .  1.25 i n .  0.687 in!“) 

Table 2 

H2 OLM Pa ramet e r Vau i ed RLM F lOLM F5LM 

F5 septum c u r r e n t  

Sextupole c u r r e n t  

F10 r a d i u s  

F10 skew 

F5 f a d i u s  

F5 skew 

€€20 r ad ius  

H20 skew 

J19 v e r t i c a l  t a r g e t  

Spike a t  end of s p i l l  

Old c a l i b r a t i o n  f a c t o r  

New va lue  adopted 

600 

600 

620-640 

350-630 

650- 

360-520 

580 

100 

6 LO 

620 

620 

12 0 

125 

45 

30 

12 0 

80 

7400 

14000 

160(a) 160(a) 30000 

120(b) 100 10000 
40(c)  

(a)FIOLM and F5LM had been added e l e c t r o n i c a l l y  

(B)reponse t o  l o s s e s  a t  FIO 

(C)response t o  l o s s e s  a t  F5 
* 
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Table  3 

Performance With and Without t h e  H20 Septum 

H20 Septum 

S p i r a l  p i t c h  a t  F5 

H20 l o s s  

F5 l o s s  

F10 loss  

Ring l o s s  

Ex t rac t ion  e f f i c i ency :  
C E ~ O / C B M  ( co r rec t ed )  

Switchyard e f f i c i ency :  

T o t a l  SEB e f f i c i e n c y  : 

A+BK / CE 1 o 

A+B+C/CBM 

Ret rac ted  

0.8 i n .  

0.00 

0.17 

0.025 

0.21 

0.78 

0.67 

0.52 

83 kV/cm 

0.6 i n .  

0.07 

0.04 

0.02 

0.13 

0.85 
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pi:. 1 Response of t h e  C10 secondary emission chamber as t h e  h o r i z o n t a l  Fig.  2 
beam posjxion i s  va r i ed .  
i nches .  a r b i t r a r y  u n i t s .  

Response of  t h e  B secondary emission chamber a s  t h e  h o r i z o n t a l  
beam p o s i t i o n  i s  v a r i e d .  The h o r i z o n t a l  p o s i t i o n  i s  g iven  i n  The h o r i z o n t a l  p o s i t i o n  i s  g iven  i n  
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H 2 O L M  RESPONSE TO H29 RADIAL SCdH 

O H 2 8 L H / C B H  FOX HZOHU =83.  

5 . 8  6.9 6 . 2  6.4 6.6 6.8 7 . 0  
CEl W C B H  

F i g .  1 6  Response of t h e  H20 loss moni tor  t o  l o s s e s  induced  by v a r y i  
t h e  H 2 0  e l e c t r o s t a t i c  septum r a d i a l  p o s i t i o n .  

H Z B  RQDIAL SCAN, SPIRAL PITCH~0.8" 
0 RING LOSS A H28 L O S S  
8.3 

H 2 8 L i l  RESPONSE TO H28 SKEW 
0 H 2 0 L H / C E l l  F O R  H28HU =83. 

16 

14 

12 

1B 

8 

6 
6.3 6 . 4  6 . 5  6.6 6.7 6.8 6.9 

CE 1 W C B H  

Fig .  17 Response of t h e  H 2 0  loss moni tor  t o  l osses  induced by vary ing  
t h e  H20 e l e c t r o s t a t i c  septum skew ang le .  

0.42" -4 

, 8 . 1  

1.7 1.8 1 . 9  2 . 9  2 . 1  2 . 2  2.3 2 . 4  
HZBDS 

Fig .  13 Ring loss and H 2 0  loss v s  H 2 0  downstream r a d i a l  p o s i t i o n  in 
inches .  
minimize t h e  H 2 0  loss .  
ments were made wi th  a s p i r a l  p i t c h  measured on t h e  F5 f l a g  o f  
0.3 = 0.05 inches .  

The ups t ream p o s i t i o n  was a d j u s t e d  a t  each p o i n t  t o .  
The H2O h igh  v o l t a g e  was off. PIeasure- 
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I 
H2B RADIAL SCBHI SPIRAL PITCH=9.6' ' OKIHG LOSS A H29 LOSS 

9 . 1  

0.8 
1 . 8  1.9 2 . 6  2 . 1  2 . 2  2.3 

HEBDS 

Fig .  19 Ring loss and H Z 0  loss v s  H 2 0  downstream r a d i a l  p o s i t i o n  i n  
inches .  
minimize t h e  H 2 0  loss .  
ments were made wi th  a s p i r a l  p i t c h  measured on the  F5 f l a g  of 
0.60 20.05 inches .  

The ups t ream p o s i t i o n  was a d j u s t e d  a t  each  po in t  t o  
The H20 h i g h  v o l t a g e  v a s  83  kV. Measure 
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FJ SKEW CURUE 
0 F5 LOSS 

8 . 3  

FJ.1 1 
Fig.  20 Beam loss  a t  F5 v s  F5 septum downstream p o s i t i o n  i n  inches .  

The ups t ream p o s i t i o n  was he ld  f i x e d .  
made w i t h  t h e  I120 e l e c t r o s t a t i c  septum r e t r a c t e d ,  and w i t h  
a s p i r a l  p i t c h  a t  F5 o f  0.8 inches .  

Eleasurernents v7ere 

0 . 2  

8 . 1  i 
I 1  I I I I  

2 . 5  1 . 2  1 . 9  2 . 8  2 . 1  2 . 2  2 . 3  2 .4  
FJDS 

Fig .  22 Loss a t  F5 vs  F5 r a d i a l  p o s i t i o n  ( inches ) .  
he ld  cons t an t .  

The skew a n g l e  was 
The s p i r a l  p i t c h  a t  F5 57as 0.6 inches .  

H28 SKES CURUE 
0 H20 LOSS FOR H23HU = 0 .  aH20 LOSS FOR HZBHU = 5 9 .  
OH20 LOSS FOR H29HU 41. OH28 LOSS FOR HEEfHU =53. 

0.BB 1 . 9 9  _i 1.31 1.92 1.93 1 . 9 4  1.35 1.36 1.37 

H28DS 

Fig .  2 1  Loss a t  H20 vs HZO septum skew, a t  fou r  d i f f e r e n t  a p p l i e d  
v o l t a g e s .  
i n  i nches  of  t h e  septum e x t r a p o l a t e d  t o  a po in t  3 4 . 5  i n c h e s  
downstream o f  t h e  l e a d i n g  edge. 
i n c h e s  downstream of  t h e  l e a d i n g  edge was he ld  f i x e d .  
Xeasurements were made w i t h  t h e  s p i r a l  p i t c h  a t  F5 e q u a l  t o  
0.6 inches .  

The h o r i z o n t a l  a x i s  g i v e s  t h e  r a d i a l  p o s i t i o n  

A po in t  on t h e  septum 1.5 
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