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I N J E C T I O N  PULSE GENERATOR SYSTEM 

I n t r o d u c t i o n  

.The func t ion  of t h e  I n j e c t i o n  Pu l se  Generator System i s  t o  sense t h e  

i n c r e a s i n g  magnetic f i e l d  i n t e n s i t y  i n  a t e s t  magnet of  t h e  main magnet 

s t r i n g  of  t h e  AGS and t o  gene ra t e  a marker p u l s e  when t h a t  f i e l d  reaches  

a magnitude which i s  s u i t a b l e  f o r  t h e  i n j e c t i o n  and cap tu re  of  a l i n a c  

p ro ton  beam. 

The vo l t age  induced i n  a n  e l e c t r o s t a t i c a l l y  sh i e lded  c o i l  mounted i n  t h e  

242 test  magnet gap i s  app l i ed  t o  an  i n t e g r a t i n g  a m p l i f i e r ,  t h e  output  of 

which i s  t h e n  p ropor t iona l  t o  t h e  change i n  magnetic f i e l d  i n  t h e  test  magnet. 

That v o l t a g e  i s  compared t o  a s t a b l e  r e f e r e n c e  i n  a comparator which gene ra t e s  

a t r i g g e r  when t h e  r equ i r ed  f i e l d  i n t e n s i t y  i s  reached.  The comparator ou t -  

pu t  i s  app l i ed  t o  a p u l s e  gene ra to r  which gene ra t e s  a s t anda rd  AGS pulse .  That 

p u l s e  i s  rou ted  t o  t h e  l i n a c  v i a  pa tch  pane l s  i n  t h e  Main Cont ro l  Room t o  i n i -  

t i a t e  t h e  i n j e c t i o n  of  t h e  pro ton  beam i n t o  t h e  AGS. 

Search Co i l ,  Cable, Mount 

The sea rch  c o i l  c o n s i s t s  of  1500 t u r n s  of  #26 magnet w i r e  wound on a pyrex 

form wi th  a 45 i n .  0.d. 

s u l t i n g  i n  a c o i l  w i t h  a s t a b l e  17.3 m2 area. 

Successive l a y e r s  of t u r n s  are doped and taped  re- 

The c o i l  i t s e l f  mounts between two phenol ic  p l a t e s  w i t h  a r e c e s s  f o r  t h e  

c o i l  end. The s h i e l d  c o n s i s t s  of  two "U" shaped p ieces .  A .031 i n .  p i ece  of  

aluminum covers  t h e  bottom and t h e  t o p  phenol ic  p l a t e s  and a ,062 i n .  piece of  

s t a i n l e s s  s teel  covers  t h r e e  s i d e s .  Th i s  arrangement l i m i t s  c i r c u l a t i n g  eddy 

c u r r e n t s  which can decrease  t h e  e f f e c t i v e  area of the c o i l .  Micar ta  suppor ts ,  

1 i n .  t h i c k  and shaped t o  t h e  main magnet contour ,  are then  b o l t e d  t o  t h e  s i d e s  

of  t h e  .062 i n .  s tee l  s h i e l d .  The suppor t s  can then  be  bo l t ed  i n  p l ace  i n  t h e  

tes t  magnet gap with t h e  c e n t e r  of t h e  c o i l  a t  a po in t  on a l i n e  t h a t  would 

co inc ide  wi th  t h e  beam c e n t e r l i n e .  

A t r i a x i a l  c a b l e  i s  u s e d . t o  couple  t h e  c o i l  v o l t a g e  t o  t h e  Pu l se  Generator  

Chassis. Th i s  prevents  induced s h i e l d  c u r r e n t s  from flowing i n  t h e  c o i l  r e t u r n  
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and provides  a h igh  degree  of s h i e l d i n g  of  t h e  s i g n a l  l eads .  

I n j e c t i o n  P u l s e  Generator Operat ion (See D04-CE261-3) 

I n  the qu ie scen t  state, Q1 p r e s e n t s  a low r e s i s t a n c e  feedback pa th  

around t h e  i n t e g r a t i n g  a m p l i f i e r ,  A 1  and A2. The base  emit ter  drop of 42 i 

a p p l i e d  t o  43 caus ing  t h e  43 c o l l e c t o r  c u r r e n t  t o  be  independent o f  tempera- 

t u r e .  This  c u r r e n t  source  causes  conduct ion i n  I C 1 ,  t h e  UA726 temperature  

c o n t r o l l e d  t r a n s i s t o r  p a i r  which provides  a s t a b l e  f r o n t  end f o r  t h e  a m p l i f i e r .  

The I C 1  c o l l e c t o r s  d r i v e  QA-1, a UA-741 op amp. I n  a d d i t i o n  t o  t h e  i n t e g r a t i n g  

c a p a c i t o r ,  a low leakage d iode  clamp i s  used i n  t h e  feedback path.  Zeroing i s  

accomplished w i t h  Rz. 

the  monostable m u l t i v i b r a t o r  composed o f  IC2-6,8 via IC3-6 and IC2-11. 

r e s u l t i n g  nega t ive  g a t e  a t  IC2-8 i s  coupled i n t o  44 v i a  Q5. 

o f  t h e  FET, Q1, t o  -15V swi tch ing  it t o  a h igh  r e s i s t a n c e  state.  

When t h e  magnet c y c l e  begins ,  a To p u l s e  i s  coupled i n t o  

The 

44 d r i v e s  t h e  g a t e  

The v o l t a g e  induced i n  t h e  search  c o i l  by t h e  i n c r e a s i n g  magnetic f i e l d  

i n  t h e  tes t  magnet i s  then  a p p l i e d  t o  I C 1  and OA-1. 

causes  t h e  sum of  t h e  charge flowing i n t o  RB t o  charge t h e  i n t e g r a t i n g  capa- 

c i t o r ,  C. 

i n t e n s i t y .  That ou tput  i s  a p p l i e d  t o  a comparator, QA-2, which compares i t  t o  

a v a r i a b l e  r e f e r e n c e  l e v e l .  When t h e  OA-1 ou tput  equals  t h e  nega t ive  of  t h e  

r e f e r e n c e  l e v e l  t h e  QA-2 output  begins  t o  r ise gene ra t ing  a t r i g g e r  v i a  Q11,12 

t o  413, a b locking  o s c i l l a t o r ,  which forms t h e  output  pu lse .  

a t  t h e  c o l l e c t o r  of  413 i s  a l s o  used t o  reset t h e  1C2-6,8 monostable p r i o r  t o  

t h e  end of  i t s  n a t u r a l  per iod .  

s ta te  and t o  d i scha rge  t h e  i n t e g r a t i n g  c a p a c i t o r .  

With a n  input  from t h e  c o i l  of NA dBO_ dt , neg lec t ing  o f f s e t s ,  t h e  output  

The a m p l i f i e r  e f f e c t i v e l y  

The QA-1 ou tput  v o l t a g e  i s  then  p r o p o r t i o n a l  t o  t h e  magnetic f i e l d  

0 

The p u l s e  v o l t a g e  

This  causes  Q 1  t o  r e t u r n  t o  i t s  conduct ing 

from OA-1 i s  

d NA t 1 e 0 w  = - - J [NA d t  = - - RBC - Bo) 
cRB 0 

where NA i s  t h e  e f f e c t i v e  c o i l  area, B ( t )  i s  t h e  t i m e  vary ing  f i e l d  and Bo i s  

t h e  remnant f i e l d  a t  to. The c u r r e n t s  t h r u  RF and Rg i n t o  t h e  comparator sum- 

ming j u n c t i o n  (assuming equal  and oppos i t e  s u p p l i e s  (V1) f o r  t h e  c o n t r o l  po t s )  

are v1 

% 
- (2ar - 1) 

1 + cY(1-a) - R1 

% 

(2a-1) 
1 + a' (1-a')-- R' 

R9 

M- (2cY' 
R9 
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where or i s  t h e  f r a c t i o n a l  s e t t i n g  of  t h e  l o c a l  po ten t iometer ,  Rl (or = 1.0 

when t h e  pot  i s  f u l l y  c lockwise) .  

f i n e  a d j u s t  po t ,  R' . 
a' i s  t h e  f r a c t i o n a l  s e t t i n g  o f  t h e  remote 0 

T' 
T r igge r ing  then  occurs  a t  t1 when t h e  magnetic f i e l d  i s  B ( t l )  o r  B 

eo(t l ) /RA + VD/RD + 5 + Lg = 0. The magnetic f l u x  d e n s i t y  a t  t r i g g e r i n g  i s  

t h e n  

R ~ R B C V ~  
NARD 

3 (2or - 1) + - v1 3 
'D Rg 

ET = Bo + 

Very s t a b l e  components are used f o r  R 5, C and VD. A s  a r e s u l t  

the cumulat ive system e r r o r s  i nc lud ing  a m p l i f i e r  o f f s e t s  are of t h e  o rde r  of  

t h e  r equ i r ed  100 ppm over 24 hours  and f 10 C when t h e  u n i t  i s  opera ted  i n  

t h e  TEST mode. 

a d j u s t  pos t  i s  

0 

The peak t o  peak adjustment  o b t a i n a b l e  wi th  t h e  remote f i n e  

The range  of  t h e  l o c a l  po ten t iometer  i s  43% (a = 0 t o  a = 1.0).  

Troubleshoot ing  

A.  Sel f -Tes t  Operat ion 

When S 1  i s  i n  t h e  TEST p o s i t i o n ,  t h e  a s t a b l e  m u l t i v i b r a t o r ,  Q6 and Q7, 

gene ra t e s  v o l t a g e s  which, (1) provides  an  a l t e r n a t e  To p u l s e  once p e r  second, 

and (2) ene rg izes  K l .  

r e f e r e n c e  zener  v o l t a g e  t o  t h e  i n t e g r a t o r  i npu t .  

c i r c u i t  a c t i o n  which can be  used t o  check p u l s e  gene ra to r  s t a b i l i t y  o r  t o  

l o c a l i z e  f a u l t s .  Voltage waveforms should appear  as i n  P ig .  1. The COUNTER 

START, COUNTER STOP are 5 psec p u l s e s  which go nega t ive  t o  OV from + 5V and 

are obta ined  d i r e c t l y  a t  t h e  beginning and end of t h e  i n t e g r a t i o n  i n t e r v a l .  

Thus, when t h e s e  pu i ses  are  a p p l i e d  t o  t h e  GR1192 counter  mounted i n  t h e  cab i -  

n e t ,  a d i r e c t  readout  of  t h e  pe r iod  and s t a b i l i t y  of  t h e  i n t e g r a t o r  i n t e r v a l  

can b e  obta ined .  

The To p u l s e  opens t h e  Ql swi tch  and K 1  a p p l i e s  t h e  

These s imula ted  i n p u t s  induce 

E. Bias Levels  

I n  t h e  event  t h a t  t h e  i n t e g r a t o r  does not  respond i n  TEST as  i n  F ig .  1, 

a l though t h e  inpu t  t o  RE i s  proper ,  b i a s  levels a t  I C 1 ,  OA-1 should b e  checked. 

Typica l  va lues  wi th  t h e  system i n  NORM, search  c o i l  i npu t  open, are  as fo l lows:  
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mVDC 

I C  1- 2 -0.65 

IC1-3 , 10 -325.3 

OA-1-10 

I n v e s t i g a t i o n  of  l a r g e  v a r i a t i o n s  from t h e s e  l e v e l s  can p inpoin t  t h e  f a u l t y  

compoment . 
C. R2 Adjust  

R2 i s  ad jus t ed  dynamically by removing K1, and grounding R a t  the inpu t  B 
from S1A wi th  S l  i n  TEST. 

genera ted  due t o  t h e  i n t e g r a t o r  o f f s e t s  dur ing  t h e  i n t e r v a l  i n  which Q1 i s  

open. 

t h e  adjustment  of  R2. 

A v o l t a g e  ramp a t  t h e  output  of  OA-1 w i l l  be  

The o f f s e t s  are  balanced out  dynamically by minimizing t h i s  ramp wi th  

D. A l a r m  Operat ion 

Also inc luded  i n  t h e  c h a s s i s  i s  an  in fo rma t iona l  alarm c i r c u i t ,  i.e., i t  

i s  not  used t o  de-energize t h e  system. 

i s  r ece ived  and no output  p u l s e  i s  generated.  

i s  app l i ed  t o  t h e  IC3-8,11 f l i p - f l o p .  The v o l t a g e  a t  IC3-11 then  goes t o  ov 

d i scha rg ing  C8 .  I f  t h e  v o l t a g e  on C 8  drops low enough t o  s t o p  conduct ion i n  

Q15, dropping out  K2, L l  l i t e s  i n d i c a t i n g  a n  alarm condi t ion .  Normally, t h e  

p u l s e  v o l t a g e  a t  t h e  c o l l e c t o r  of  413 resets IC3-8,11 keeping K2 energ ized .  

The alarm i s  energ ized  i f  a To p u l s e  

The i n v e r t e d  To pu l se  a t  IC3-6 

K2 w i l l  drop out  i f  t h e  + 1 5 V  supply i s  l o s t .  It a l s o  may go i n t o  t h e  

alarm s t a t e  when power i s  switched on and remain i n  t h a t  s t a t e  u n t i l  t h e  f i r s t  

ou tput  p u l s e  i s  generated.  

System I n s t a l l a t i o n  

Three p u l s e  gene ra to r s  a r e  mounted i n  t h e  i n j e c t i o n  p u l s e  gene ra to r  rack.  

The r ack  i s  loca ted  ad jacen t  t o  t h e  $1242 magnet enc losu re  i n  t h e  basement o f  

the Power Supply Bui ld ing  ($B29). The GR1192 counter  used f o r  checks of  t h e  

i n t e g r a t o r  i n t e r v a l  s t a b i l i t y  i s  a l s o  mounted i n  t h e  rack .  

I n  a d d i t i o n ,  a co inc idence  checker assembly i s  included i n  t h e  rack .  It 

can be  used t o  check t h e  t i m e  v a r i a t i o n  of  t h e  p u l s e  generated by a tes t  system 

wi th  r e s p e c t  t o  t h e  t i m e  p o s i t i o n  of a pu l se  generated by a r e f e r e n c e  o r  s p a r e  

- system. A mechanical counter  i n  t h e  co inc idence  checker i s  energ ized  whenever 

t h e  test  system gene ra t e s  a p u l s e  o u t s i d e  an  i n t e r v a l  t h a t  must b e  i n i t i a t e d  by e 
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a p u l s e  from t h e  r e f e r e n c e  system. 

system s t a b i l i t y  checks. 

This  device  can be  used f o r  long t e r m  

Four similar in te rchangeable  c o i l s  a re  mounted i n  t h e  $1242 magnet gap 

and these can be  used wi th  any p u l s e  gene ra to r .  

from t h e  Main Cont ro l  Room (MCR). Lines  f o r  two T pu l ses  t o  i n i t i a t e  t h e  

i n t e r v a l ,  two remote a d j u s t  c o n t r o l s  and two output  pu l se s  are  routed  t o  t h e  

MCR area. 

Two systems can be  c o n t r o l l e d  

0 
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