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The t a b l e  below l i s t s  percent  r e s o l u t i o n  a v a i l a b l e  as a func t ion  of 

khe number of b i t s  i n  AID conver te r  app l i ca t ions .  

Each Exp r e s sed 
- R e s 6 l G t i h  Increment as Percent  

one p a r t  per  thousand 1/1000 0 .1  

L O - B i t  AID 1/1024 0.098 

1 1 - B i t  AID 1/2048 0.049 

1 2 - B i t  AID 

1 3 - B i t  AID 

1 4 - B i t  A/D 

1/4096 0.0244 

118192 0.0122 

1/16, 384 0.0061 

Pos i t i on  readout potent iometers  a t  t h e  AGS have trads3tionally been 

10-turn 10 K wirewound A-series Hel ipots  i n  p l a s t i c  cases. Two considera- 

t i o n s  have prompted a f u r t h e r  look a t  these  readout devices.  F i r s t ,  it i s  

poss ib l e  on some types of d r i v e  systems t c ~  g r e a t l y  s impl i fy  t h e  mechanical 

arrangement by u t i l i z i n g  a s ingle- turn  pot .  Secondly, t he re  i s  some ques- 

t i o n  about t h e  accuracy with which device p o s i t i o n  i s  p fe sen t ly  known. 

The output  vo l t age  provided by a wirewound potentiometer i s  quantized.- 

by i t s  very  cons t ruc t ion .  

which makes contac t  with very  many gunctions of a r e s i s t o r  s t r i n g .  The 

r e s o l u t i o n  a v a i l a b l e  increases  with t h e  number of junc t ions  ava i l ab le ,  o r  

t h e  number of w i r e  t u rns  on t h e  pot.  

wirewound potent iometer ,  a measure of t h e  s e n s i t i v i t y  t o  which t h e  output  

r a t i o  may,be ad jus ted ,  i s  t h e  r e c i p r o c a l  of t h e  number of t u rns  of w i r e  

i n  t h e  r e s i s t a n c e  winding expressed as a percentage.  Beckman A-series 

10-turn 10 K pots  commonly used a t  t h e  AGS have 8.842 4 5% tu rns ,  o r  a 

t h e o r e t i c a l  r e s o l u t i o n  of (1/8842) X 100 = 0.011%. 

The pot  may be viewed as a mul t ipos i t ion  switch 

The t h e o r e t i c a l  reso lu t ion '  of a 
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Comparing t h e  t a b l e  presented  i n  t h e  f i r s t  paragraph of t h i s  paper 

t o  t h e  above der ived  t h e o r e t i c a l  r e s o l u t i o n  of 0.011% i n d i c a t e s  t h a t  our  

e x i s t i n g  p o t s  are, as components, capable  of p o s i t i o n  readouts  of up t o  

13-b i t -equiva len t  accuracy. This  i s  twice  t h e  accuracy of our 12 -b i t  

datacon system c a p a b i l i t y ,  and fou r  times t h e  l l - b i t  accuracy we custom- 

a r i l y  employ s i n c e  w e  apply only + 10 v o l t s  and read  p o s i t i o n  with a 

- + LO v o l t  conver te r .  

The p resen t  H20 e l e c t r o s t a t i c  septum i s  equipped wi th  Beckmamg. 

7600 series 10 K po t s .  From c a t a l o g  d a t a ,  t h e i r  t h e o r e t i c a l  r e s o l u t i o n  

i s  0.012%, an almost exact match f o r  a 13 -b i t  A/D conver te r .  

with a 14 -b i t  A/D conve r t e r ,  t he  conve r t e r  ou tput  w i l l  jump by two b inary  

b i t s  every t i m e  t h e  pot  wiper leaves one w i r e  and switches t o  another .  

I f  appl ied  

As p r e s e n t l y  arranged,  t h e  14-b i t  oonver te r  reads  + 10 v o l t s  whi le  - 
only f 10 v o l t s  i s  appl ied  t o  t h e  pot .  

as a 13 -b i t  conve r t e r  anyway. 

a 12 -b i t  + 5 v o l t  conve r t e r  and applying + 10 v o l t s  t o  t h e  readout  po t .  

While t h e  device  i s  r e t r a c t e d ,  t h e  A/D would read  f u l l  scale with 100% 

overrange appl ied  ( t h e  A/D's  are r a t e d  f o r  t h i s ) ,  whi le  i n  t h e  reg ion  of 

i n t e r e s t  we o b t a i n  13 -b i t  pcec is ion .  

more confidence i n  t h i s  c r i t i c a l  p o s i t i o n  d a t a  would be  ind iv idua l  conver- 

ters dedica ted  t o  t h e  upstream and doynstream po t s ,  e l imina t ing  s i g n a l  

mul t ip lex ing .  By t h e  way, t h i s  level of p r e c i s i o n  matches t h e  n o i s e  level 

of t h e  most p r e c i s e  Lambda 10-vol t  supply a v a i l a b l e .  

W e  thus  employ t h e  14-b i t  conver te r  

The same accuracy could be  obta ined  by us ing  

A f u r t h e r  s i m p l i f i c a t i o n  leading  t o  0 

Single  t u r n  wirewound poten t iometers  can be used t o  s impl i fy  t h e  

mechanical po r t ion  of a p o s i t i o n  readout  system. 

pe r  thousand) system, a 10 K Beckman model 5310 i s  adequate,  providing 

a t h e o r e t i c a l  r e s o l u t i o n  of 0.073%. 

three- inch  diameter  Beckman model 5710 i s  requi red .  

r e s o l u t i o n  of a 10 K pot  i s  l i s t e d  as 0.031%, whi le  it improves t o  

0.022% f o r  a 100 K pot .  The 10 K v a r i e t y  i s  thus  adequate f o r  t h e  

0.049% r e s o l u t i o n  of an  11 -b i t  A/D, whi le  t h e  100 K s i n g l e - t u r n  pot  

i s  mandatory f o r  t h e  0.0244% r e s o l u t i o n  provided by a 12-b i t  A/D. 

For a 10 -b i t  (one p a r t  

For g r e a t e r  p o s i t i o n  accuracy a 

The t h e o r e t i c a l  

The th rees inch  5710 p o t s  are provided i n  a servo  s t y l e  case a t  

about $25 each, whi le  t h e  10 -b i t  model 5310 i s  a v a i l a b l e  f o r  $12 i n  

Beckman's f a m i l i a r  b lack  p l a s t i c  case. 

same type  p l a s t i c  case. 

damage of t h e  p l a s t i c  case. 

Our t en - tu rn  p o t s  u se  t h e  

The AGS has  never l o s t  a po t  due t o  r a d i a t i o n  
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As ind ica ted  by the  foregoing, t h e  app l i ca t ion  of wirewound po t s  

i s  l imi t ed  by t h e i r  c h a r a c t e r i s t i c  r e so lu t ion .  Wirewound pots  are 

customari ly  employed i n  r a d i a t i o n  areas, but  t h e  SEB in t e r im  switchyard 

w i l l  bap t i ze  a new s t y l e  pot  with i n f f n i t e  r e so lu t ion .  

C e r m e t  po ts  have been used f o r  some t i m e  i n  c i r c u i t  trimming appl i -  

ca t ions .  C e r m e t  resistance elements s ta r t  as a mixture of precious 

metals and g l a s s  i n  a l i q u i d  carrier, screened onto a s tea t i te  base.  

The u n i t  i s  f i r e d  a t  2000 F fus ing  the  ceramic-metallic r e s i s t a n c e  

element i n t o  t h e  ceramic s u b s t r a t e .  The r e s u l t i n g  pot  has  a r e s i s t a n c e  

and l i n e a r i t y  a t  least as good as wirewound and is  s t a b l e  under high 

power d i s s i p a t i o n  and high temperature operat ion.  P l a s t i c  cases are 

adequate, s ince ,  r e i t e r a t i n g ,  we have never l o s t  a pot due t o  

r a d i a t i o n  damage. 

The s ing le - tu rn  cermet pot  most a t t r a c t i v e  f o r  our use  would be 

t h e  Beckman Series 6600, providing an 0.15% minimum p r a c t i c a l  indepen- 

dent l i n e a r i t y  (a  measure of l i n e a r i t y  which does no t  cons t r a in  end- 

po in t s ) .  

obtained and used as t r ansve r se  and skew readouts  f o r  t h e  e l e c t r o s t a t i c  

s p l i t t e r  and Lambertson magnet t o  be-empTlbyedjin !the=SEBcIntexim:r 

Switchyard. 

t i o n  area and motor-driven t o  ob ta in  zero-order d a t a  on mechanical l i f e  

i n  a r a d i a t i o n  env2konment. 

Series 6600 po t s  c o s t  about $50 each. A quan t i ty  w i l l  be  

I n  t h e  meantime, a s i n g l e  pot  w i l l  be  mounted i n  a rad ia-  
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