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~one—ha1f second each.

The vehicle potential measurements were made with a dual
retarding potential analyzer system , four thermal en~iss!v ’
passive probes mounted on booms and an inter—segment bipolar
voltmeter with peak detectors and sample—and—hoad amplifier~looking for large transients at the mode changes.

A camera was employed to view corona discharges along the
exterior surface of the payload as well as view any discharges
between isolated sections of the payload.

All instruments and camera were programmed along with the
particle guns for optimum parameters during each part of the
program cycle.

A PCM telemetry format was used to accommodate 90 channels of
instrument data.
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INTRODUCTiON

The O t . j o e t i v t - o I~ t h i :  c o t 0 -  t~ i e t  was 4, t- H t - - .’!~~~ti ,

!‘.aLr-I c at I on , t t o t  I n C  an d I n t  t- ~~i ’ at l  on 0 1 ~~~~~~

L~~r -nc In st  r umen t  at Ion i c r  he rnt a s u t - t t n c n t  .

~‘ehic  it  - c ~- a I t . ’ 1 t ig  , Inc ~ ud 1 n~’ au x l  1 lary  I ~ c u t -  n I  c S
I n st  r ument  at  ion and g r o u n d  support e q u i p m e n t  wi h

he p r e y  1 Ion  of ’ flel 0 st t v  1 coo fe r p r -t i aunch

t e s t  In C of t h e  t n t  t 5 r a r t - .l t o c k e t  p a yl oad  at-
WhIte Sarois Missile Range, New Mt xi co .

2. SYSTEM DESIGN

The p a y l o ad  was dos  1 ~~~ d ‘o r -  an As t r o t -c F

v t ’h i c l t -  w t h a maximum al - i t u L i e  0 1’ 30 kilo—

m e t e r s . The payloa  i wa s i i v ~~d~-d in t o  t h r e e
sect  I on s  d o w  t h e  e J e ct  n i b  nose  c e n t - :  The

P l C  55U t i  sed p a r t  Ic 1€~ Pt -am sys t rn , 1w e lee—

t : - c n r i c s .  5 t  ot i o n , and an insulat ed cyl Ind rical

s ec t  l oll t o  r ho bipolar vol tme t o r  st ’n s e r - ln g

s u rf ac e  Wi: I ch o en t  alned  t h e  t o  s av o r y  p a r - a e h u  I ~s

The pre ssuri se d section was built such that.

when the nose cone was e , :e c t e d  and the  e l e c t  t o n

and Ion  Learn  system caps we t o  opened , all wit ii

t imed e le c t  r-o—explo cive d e v ic e s , the particle

beam s wet  ~- e j e c t e d  in a l i n e  p a r a l l e l  t o  he

v e h i c le  spi n axis .

The e l e c t r o n i c s  s e c t i o n  was u n p r e o o u r I s e d . I t.

con ta ined  the  t e l eme t ry  and beacon e l e c ti o n i c s ,
t h e  r e t a rd ing  pot -ent-Ia l  ana lyzer  s e n s o rs  and

— 3 —
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l o t  r- rib ~~, 1 - - 1 c c l t : — n R Un l  t i  L i ~~ r m . ~t I
Y T 1 1 S : ~~1 ’ / f p - t ~~ , : ‘ 1 1 L ! ~~~ p u t t r ’ I ’ t i  a~ - r : t f t

I t ’ : : I : i c t  - t  a r - i  4 - u  l i t  y .Ai - z i u : p a c & -  C- z p  r u t  I

I r a n . - l e n t  pulse m o n I t o r -  r e o i C n - i at :  t u t i t  l v

S t a n f o r d  R e s e a t c I  I n s t i t u t  . , ele c t  t L t i i O  ~~~~ r u—
ment  p r c ~~ramme r , u nso r- po: ;t an ip l  t f i . e t  s , p .

su p p l i e s , i -ti t o t  I t s , pay ica r t i m e r : , p ow ’  r r - . l ay : .

ar id ‘nu n er a .  This : ; t c t I . - ~ p t ~~v i  n i  a l l  t h e

t - j ec t able door’s t s r  l ooms , i t - t o O uU: C p to n n  l:t~
ana l ’ i zer - s  a n - i  c am er a .

2.1 Particle Beam Systems

Tht . e l e c t r o n  L t c ~JT1 . -y i t t -rn wa s de ,~~~ :a a rOuSu :

he Mach i  e tI Model  i~;j ~t h — ’ ci t O  ron ~ ur ~. The

s yst em  was s i m i l ar -  ‘ 0  an el - c t  t o n  Lu am s’~:t in

l ev e l  - ip e r u n - I c r  C -n i  r a e  t Fl~) 6 S F - 7 5— C — O l 2~, t

m o d i f i e d  t o  p r o d u c t - ~OO wa t  t o  of 1 t -arn p c - w e t

(~~5 
m l l l l a i r i p e r t o  a t  ~ .O k i l o v o l t  o .)

The ion  l earn sy o t  cm was d e v e l op - cl i y Hughes

R e s e a r c h  L a bo ra t o r i e s  of M a l I i ’cr , Cal i f o t -n i a ,
u n d er - Cent  ract F 1go2~~— 7 t — C — O 2 7 ? .

2.l. 1 E l e c t r o n  fl e arn System Details

The- Ei~t h  e lect  t o r i  Cun was de:lgne by

Machlett L a l o r a t  o r - I - s  f o r -  space t ’l i (ht

appl icat  ion s . The h e at  e r  and c ant  i-c l
grid assembly Is t h e  sam e as t hat . 01’ a
power t r’Iode. In addition , t h er e  I s  a
f’ .. t(’lislng anode  ring and aced o rat 1 n~
n i n ode  r ing  f or m i n g  t l ie e le ct  i o n  Lu-ant

- . ~~~~ _ T ~~~~~~~~ .~~~~
-- 
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or ’ ’ ‘ s  , - t n t - i  a °~ t t c ~ I - t i  v : : t ’a~~ ’ . j  n i

r ‘ vnrc :’i ’ I o n :  a :‘ ‘il I l C a ’

c ‘c ’ ’  i ‘el l ’ s ’ - r -  . I t , Pt - ‘It i i cu t  0

c l  ‘ -  i n r  ~~
- St t O

I t :  ~~~~~~ U : ’ t c :  a ‘ I ’ S—

• I - ’ - :l l v  I n d u c ’ a’ :1 fl so  . c: a C ’ t t t1 c

fl it  - I,, ., . - • ~ fl c - t n  ‘n ‘ ‘ ‘ - -o

nO no , ‘- l i t :  nO ‘ - cy I tn  c - n  ‘ 0 ‘ t - - ’~< - ‘ - n i  y
‘ i n  sa l  - t : l ’ t -  . A~~~~~~. rio I o :c. i ’ - - i  a n

10 Pt ‘n (‘flt t ‘ t n  c a t  ‘ d
c 

~~~~~~ o P :- c’ P i i  ‘is :~ n ’ i 1

1 no ‘ ‘ i t ’ - -n -in’: t o  ‘. .‘ ‘ c i ’ s
- n ’ ,- t - I ~r :i ’ r: ’

Th PPn ‘-- 2 do: :  I to r - i t  t I c  it I a ci I

mc ~. v — m a n -- a n -  . ,‘~ - P t  a • r 1 ~s i i  I i  d

or :  ice L’er -mv l c c v i ’  -~~i - s an: c ‘il it  - i l ’ ’ -

- ì - v o l  e d -n ci’ ‘ cc - ‘lfli 1 c t Si a ~~~~~

1 0 ‘f l . :  ‘‘ti ) is I n a o - .-’~I a he (‘t !  ‘ c r 0  C

T I - i s  r c : - u i ’  t -  I t n : a w ~- - ~k t r  J o h n t  , all  W i n : -

i d  5 : 0  01 n t c ’ . f i i~:~~t 1 ‘ W~~ .~~~ t ’ fit - C

a ct  i vat e d  i -v  e i t-c ’ r ‘— e ’ ,~~lo~~I - ,’ t - d~~~I c e : ’
‘. 0  sc - p : i n - a t  ~~ en d  cap fr o m  ho c e r - : c r - : ’ c

u i-c . The same  :p~~~ n~ lo~~dod  a r - t n t  d cv l  Ct’
Wfi u s e - i  t o  c . ar -r  fi t t i ~ 0 c u p  10 ( P t  : 1  It ’

c i ’  t In t ub e  as:: t m l i v .  The c a p  n t - r n o v a i
m e e } u a n i l  ‘n: was -it - :’O - t t t c ’d i v  WI i l l  ‘~na Lynch
c t  AFGL .

—
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A pre ss u r i -  i t - a l  at the t -’lect ro n gun

penetration used a 3/8 inch thick

s i l i con  rubber -  washer ’  be tween t h e
anode r ing and the  ma Chin t - - I su r - f a c i -  of

the  rr ’ont wall of ( h i -  p r e s s u r - l z ( .’d sec t  I o n .

The sch ematic for’ t h e  e l e c t r o n  gu n  pow er-

and control circuits Is shown on Di-awino

D—938. U
1 

is a ~~ vol t  regula tor
supply ing po we r to the  5 }O-I~~ s a t u r a t i ng

inve - r t e r  compo s t -d  of Q1, Q2 and T1. The

secondaries of T1 supply: AC heator

powe r for  the  e l ec t ron  gun , a f l o at i ng
50 v olt supply  fo r  t h e  amp l i f i e r-  f’or h a

electron gun con trol grid , and b a se

dr i ve  power for  the  two high voltaC

powe r inver ter ’s  using T,, and T3. The

heater  winding  and t-he f l o a t i n g  50 vol t

supply winding  a r c ’ ope rated at as much
as 3000 vo l t s  negat  ly e w i t h  r -esp - C (  t o

ground or- veh ic le  frame . The T 3 in v e r t - e n -
Is designed to operate from before  v e h i c i t --
lift—off.

The T2 and T~ invert -t-rs each supply 1.5 1W

at 35 mIlliampe res. They are non-saturat ing ,

olaved to the T1 1nver t ~er descr ibed  ab ove .
The secon da ry h igh  v olt - age r e c t l fi e i -  output - s
ar’e wi red In sc - r u -ri such tha t  t In- n e t  lc . 1 ~ l

Vol ta ge ’ may be e i t h e r  1.5 MV w i t h  o nly

i n v e n t  t n  T,~ on , or 3.0 1W wi t:h both T,, and

T 3 lnver ’ter s  on . The unregulated 2P v o l t -

_ )~~_
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pe we - r - n ’o r - t o  I hi ci ’ t I t  ce  - I nv - i - I  e r - s  t
5W t I - ‘l i ed  c i i  at- p i - o p t ’!’ Vt -P1 s I t ’ ti lt It nh ’

I h i l u - u ~’ l i  a p w- - l’ r e  1 ay on t he - p ewe r ’ c o i t —
I n - c  1 It ’d k I i i  I h i t ’ c i e c I n e i l  I~ ‘s ::, c i  I o n .

- ‘ T h i s  r e l a y  i s  i i ’- ’t - i t t i (  i ’ d I , a I l iner’ . K 1 I s

5 
I 

l i s t  - i 1.0 oW I t  c P p W t  - ‘ 1 e I I c e  - T,) I n y c  i - I  - ‘ n - a s

c i  t ’i l f lc  I c l i  e n ’ e - X pt - n ’  ‘ n a - r i  I i t t - h  I - l e t ,  - i ntl  I H e  d

4 - V  t he e ’ i e ’ c’ r - o n i i  c p r - o ~- : n nunn n i e - i -  1 - - c ’ t t t  ed I n
I t i e - el ~~~~~ I n -on  I c  5 c c ’s 1 I o n .

-
‘ 

He - n i r n i  c u r s  en t  s t u n t  t ’ c ’I i s  ~~e ’ h i j e t ,’ t ’d  i v  I t ie

ci C’sec t  I ‘p 01’ I l i e ’ :i~ I I V t  c i  e n n i e - r i t  s

~~
‘ ~1 ‘ LI , ant i  ( t i c ’ ~ l t ’c I i - - t i

C- un

U0 i s  ar t  e l e c t  rome ’ t~~’i’ w 1 1 P nt:! In t a b  I s t i ed

t - y  r’t ’ .l ci ~ 5 K - and K , . - , o . ~- l K , 1 s

a c r o s s  I l ie nunpi I I I e ’i’ c i t  : i l .1 I l ine ’S . In

1 h e ’  one ’ m l i i  I runpe l ’ c ’ mo de  c i ’ opt ’ n - :11 I on

( M0) , K . - ar i d  K , :1 r e  opt - r i . A l l  of t h e

- l e ’c I zu ‘ii 1-i -am S t i n - n t - l i t - ,  a )  a - h e n ’  I h non  oh

I I t t ’ c ’ n t p  crud anipl 1 i ’l  e ’ I  U)~ , -~ 1’ 1 I i i

I h i ’  open gun nnd the -rn - I n’onme -ril I o t lie

y e -h i  _ ‘ it ’ f r a m e , m u s t  pci 55 1 h i o i r ~- :hi  ( h i ’
t ’e e - dbc i c ’k Pt’ sI :; I c ’ i tt t ’ I ’ U 0.  The ci nn i p ) ,  I I ’ I c - i  -

un t i l  ii ( a  L i t  5 .11 s I ups t t i t  I he I t  - f t  I t ’ n i c e  -

volt age of p In -
~ , e r’ :.e -n - o v o l t  cc . A

l’ t - ann c’S l I en I of  - ‘ I t t  i n T l  I I :Innpr ’ t - t ’ I h r n o u g h t

R- , o . ~‘ I K , c c i u s t - :c  ( hi ’ cut  pi,rI on I he ’

_____ - , t o T~~ - -1~~ -—~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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emi t te r’  of to go toward s -6.4 volts;
which Is the  value  of’ refe rence diode
CR 20. At th is  point Q~~ s t a r t s  to tu rn
of f , reducing the current  to the  photc-
diode of op to—Isola tor  U10. This in
turn reduces the current  through the
grounded base ampli f ier, Q10, and causes
the output of operational amplifier’  U5
to go negative , s h u t t in g  down the elec t r~.-n
beam in the gun .

The control  loop then is such that the
output of the trans-resistance amplifier,

U8, goes to -6.4 volts by adjusting the
beam cur ren t  of the EE65-2 electron gun .
The e lectron gun cur ren t  is there fore
6.4 vol ts  d iv ided  by the resistance
placed across U8.

When onl y K2 is closed (during M10), R38
is placed In parallel with H

31 
producing

a parallel resistance of 1495 ohms and a beam
cur-r ent of 13 milliamperes. When K2 and
K3 

are closed (dur ing M11) R 381R39,R59 and
R60 are all in parallel with R31 producing

a resistance of 182 ohm s and a beam current
of 35 mill iamperes.

U4 is a cap current monitor amplifier

with a linear gain of R54 or 130 volts
per ampere or 4 .55 vol ts  per 35 mllli-
ampere .

-6-
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I. , n tirunc curi - t -n I tunp i  I li en ’ w It li - ‘

gd I n  01’ — .n - 1’) ~‘oi t cc pe r’  vo l t c i ’  f 2 1  v e i l  5
o u t  f- - n - — t~.~4 volt cc I n . 11111 I c c  a I e l o —

ni t ’  t n y  rno ni  t - r -  of t h e ’ — t - -~~4 vc t i  t o u t  p u t
01 ’ ( l i e ’ t r a n t s —  r ’ ’ s I  c t  a i n ’ t - ampi i 11 or ’ ,
and k r i o w t n i g ,  t i r e ’ ga in  of annipi I Vle ’i’

a c t  a fuue  t ion ci ’ inc- - Ic - , i t  a nrio nl I on ’ 01’ 1- u t ’

amp ll ( t i d e ’ 01 ’ I he (‘n - an n e  c ’S I - I - c  -n  I . due 1 0 ( lii ’
t i e ’ .’l , 1 011 le ’arn.

Iii f lou t ’ ~) i - ’i v o l t s  out  p u t  S eqs ‘i v a l e ’tO

o one m l i i i  annpt’ n’s 1 ups I ; I n  mod ’ - 10,

~-l4 V o l  ( c c  cu t  is c ’q t n l v a i e n t  t o  1~
u n  i.i t a i inp e’ t ’ e - c c  in . Iii I f loc ie ~ i i , i- i l vo l t  cc

out i s equl vair ’nt t o  Ot m l i i  l ainpen’e’cc in .

H e - c d  c i t  o n ’  d L v i i i  c - i ’  c c l i’ tug H11 Iin’oug t c H

pi ’o vi ie ’ ci t ’o c i r s  anode ’ v )  I age and ci.

Ii  I g l r  v o l t  age ’ moni  I or’ fe ’r’ It -i e -ri n r ’ l  r ’y
Al t o s  I ~ . 

- pe -roe ’s I of t h e ’ l i i  g l i  v o l  1 ago

t c c ci ropped d c ’ I t ’ cs  maki ni t-’; I - l i t ’ t o t ’ us

anode  about .  00 v o l t  mcn - e  posi t i v c  t Pa r -c
I he t ’l~~c ’ 1 T Ol l  ~~fl l l  ca hode when t h e ’ h ea rnn

v o l t  age- Ic c at ~ MV, an d ab ou t  )t ’ ’ v o l t

mont’ pocii I I y e ’ wtit ’ii ~i I 1 .5 XV.

Put ’ volt age acr oss ~~~ (7 .  ‘~ K)  i c c  . 1I ~ ~
pe i c e ’s I 01 ’ t he ’ high veil age ’ . T h e ’ h ot c ’r n

01 ’ H , i c c he ’id at- g round  pot c - n t  m l l v
ope ’i’ n t t  I onal ampi I fI - r ’ U~~. Vol t  age ’
f o i l  owe n , 1T~ , sample - c I h i t  vol I cu- t i ’ wi n b c —

ou t  i ‘ad I r i g I h e ’ I I  v I t t  - r’ (t .t c c  - I n ipu I l iii-—
10

j )t ’d~~t i c ’e I ci .I ni t h ~t ’ oi’ch ~ c i  I i i  ~c t m o )

-
—- — - —-~- -~~-~~~~~
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~~~~-—
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U 7 is a b u f f e r amp l i f i e r with a gcclnr c i ’

— 1 .  j t~~e- h i  gI voltage me,nitor g~’r m i  i ’ i’o ni
t i l e ’  niegat I y e ’  i i i  gl i  V U  I tage Ic ;  +14 V t I I c c  ~ e i

—3000 v o l t s .

trhe anode r Ing of th e  e l e c t r o n  gun - i I s
returned to Input side of H ,1. This

maintains the ring at ground potent lcd

but  r e tu rn s  any anode r I n g  c u rr e n t  t’n ’~’u
the Internal electron beam to t he h i gh
vo l tage  po si t i ve  n ’ e t -u r n i  w i t h o u t  he ’ l n c g

measured and c o n t ro l l e d  by the ’ fr ame
current monitor circ~ lts .

Mode s igna l s  M 3, M 10 and M 11 are sut ’c’es c c l v -

pos I I  lye f i v e  v o lt  s i g n a l s  , sh o u t  on~’—
ha l t’ second l ong, developed In ti n-

Inst rument pr-’grannun er located In I he

e l e c t r o n i c s  soct lor -i .

H 66 ,  H 67 arid :i pressure swi I. oh mont t o n ’  the

p ressure of the  pr essur l  ;:ed section . ‘ l i c e ’

s w i t c h  remains  open at a t m o s p h e r i c ’ preccsun’ t’ ,

providing a monitor voltage of + 1  v o l t s
to t e l eme t ry . Should the p res su re  vent
during vehicle ascent , the switch cl os e s

at a pressure equivalent to hO ,00I,) fee t , r e—
duclng the monitor voltage to zero .

R 65 and a t h e r m i s t o r  mounted  on t h e  m a i n

w a l l  of the pressurized section monitor ’ the

temperature . The transfer characteristic ot’

t h I s  c i r c u i t  Is :

L 
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- ‘ t  c’ . 1 C - . ’I t , ‘I = — - — -—— - - -

.-~ + i n  H ,~, + C t ,  ] n i  
~~~ 

‘
~

~~1 e ~ Ho -

w h i t ’ 1 t ’ H er = — — 
~~~~~

— X 10 - -b ias
1r,

— -
~anti -\ = I . - ‘ I a — ii

P = ,‘ - ~fc~ \ 1 ~

t r i a l  C = - ~‘
‘ 

~~ I - ‘

A t  ‘ t . 1 c Vt ’ I t  c - ‘t n t  1 Pt ’ t t ’ i ’ i T ’ e ’ n ’ d i t  U l ’ e ’ i s

+ 1 ‘
t C ,  Al - v o l t  ci 0111 1 he ’ e ’ncc r t ’ n ’ : n t  Si”’

o +

- 1 - , ‘ l o s  I t  I Vt’ I o r n  Pe~~i~n c~v c c l

rph e , Hu~~lit ’s He ’ c ce ’ ; i r c ’hi I,ab -n ail on ’ I c-s l’oc; I t I

- ‘ml Pc ’cn a ~~V c c t  em tIe ’s ~ g n n  c’onu i  I ccl ci of

I h r - ee  su b — a s s en t -  I I t ’s  : t o n i  S o t i i ’ ’n

c ’ X r e ’ 11 :tn i  1 :icc c c t ’ I d c t ’  1 v , an id  a - ‘W e ’ r ’ t’ 1-0 ’ - ‘S c ; c  ‘r
c i  cc c t t ’ml ’ ly  —

It i t  ~h t  ~ccci ~~l a s  I urn c c l  r u e ’ I n i n e ’ t -ccc k cc - -e

h o l d s  1 hi.’ t ht ’t’t ’ c c u h — : n s c t e ’ ’ c t ’  1 ¶ ( ‘ci ccl - ‘

O n t ’ p a c k a -~t ’ such  t h e  e i e a ’ t  ~‘Oll  I t ’S cc itt

I lie e ’xt’ c ’l lau l ascc e ’ml— l v  c a r t  he’ ~i:i ni-

t-al ned at a t  most -t he n I s  pres  c ;u re ’ i n  i. he

pn ’e ’ssuni :ie ’d iit ’O t  I o n  ci’ :1 r oc k e t  -

Ion source Icc packaged lii a va~’tntim

t I gh l e ’fld 1 osure  wit h- n ci e’over wh - c I sIc

F ‘c l i i  he’ r’e ’ l ’ ’ ; n c cc ’ l w i ’ h  - t i c

c l e v i  ‘ t ’ . ‘r h e ’ coV e ’!’  : r - i e l  a t ’  1 - - :  i s e - ’ cc ’ e ’ S t ! t (

was de ’c c  I o i c e ’d by ~~ - I - v r n c h  c-i ’ AI - ’ - - I - - .

— ci — 
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The expel I ant gas 1 a xenon. “j’he- 55

r ese rv oi r I s  co nn e c t e d  ~~~~~ the ’ Ic -en

source c at ho - I f ’  us 1 r i g  an c i  cc n ’t - ‘ d c l i v
operated l a t c h i n g  valve , t -n’ t ’sc ul’e

regulal or , porous plug, an(I a hi

v o l t a g e -  i s o l a t o r .

The Io n s c n i n ’ - ’e’ uses a r e ’nn I c c - — t  v~ - e-

discharge’ from whi oh pos it I ye  x e ’ l ; c ’n

ions are- ext ract ed and scoel erc t od

e- ’lect-rost at I sally.
1

The cathode of the discharge’ I s -  ci ¶ ‘ O 1  O t i s

t ung s tt en  Inser t-  , I rnpregnat ed w i t  h low

work f u n c t I o n  p r o d uc in g  o x i de s .  An

a x i a l  magne t  I c  f i e l d  Is u sed t o  ‘n ’ c ’ c i i  n ’ I  c’~
elect ron flow radial lv and I ne ’re ’ ’i : ce -

t he number  of e let ’ I r o n — a l  c-rn c e l l  ¶ s i - -n o  -

External t o  t h e  I OS dlCOC I Pi ’al  tu g or I
is a neutrall ocr  h e a t er  w h i c h  c’-in he
operated I n  a c o nt  aol  led l o on  ni~~tic t o

emi t  appro xl  ma t - e l y  t h ~ Sam e ma g i c  i t  ude

o V elect-ron curr ’er i  I as ( P  ci t  ot’ ( l i e ’

ion beam for  n e u t ;r a i i o a t I o n  of t h e  he ”i ’c .

E m I s s i o n  is adjusted by v a r y I n g  t h e ’

temperature of’ the heater.

The character istics of t h e  p o s i t  ly e  T o n i

Ream System are shown in Tab le  1. A

list of’ commands available in the instru —

— 10—
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meri t Is shown in Table 2.  Those commands
used only for  au tomat i c  programming In
f l i g h t  as we l l  as those  w i r e d  t o  the
ground t -est umb i l i c a l  connec tor  are in-
dicated. A lIst of telemetry analog

outputs Is shown In-i Table 3 . Al l

telemetry outputs from the Positive Ion

Beam System were given main frame word

assIgnments In the PCM s y s t e m , t o  lc t ’

described later , except the expe ’llant

tank pressure monitor and the p o w e r ’  p r o —
sessot ’  assembly  t emj - e ra ture .

~ . l .3  Launch Towe r Initialization and Flight
Program for  the  P o s i t I v e  Ion Peani System

“Many minu tes  are requi red  t o  a c t i v a t e  the
FIBS cathode , s t a r t  a d i s cha rge  and e x t r a c t
a beam.  Therefore , p r i o r  t o  l aur n ch t h e ’
io n iz a t I o n  chamber mus t  be e v a c u a te d , t I c e ’

c a t h o d e  a c t i v a t e d , a nd a d I s c h a rge  s t r u c k
an -cd m a i n t a i n e d .  Then the  v e h i c l e  mus t -  he ’

launched  in a d i scharge  m ode u n t i l  c i t  p n ’ c ’pe ’l’

a l t i t u d e  the  p o s i t i v e  ion beam cap  is i’e—

moved and au toma t i c  program takes  over I ’d ’

beam ope ra t i on .

trh is  ground i n i t ia l i z at I o n  pi ’c t ce~dct1’e i ’e —

qulres  the flow of e x p e ll a n t  gas cud
therefore  precludes I -he use of a l i g h t ,
on board , vacuum sys tem . A i-oi’t ab le
vacuum system operable prior t o  l a u nch
In  the launch tower was eh’~~l gneet cim nd bnil it

by Ken McGee of AFO L .  i t  c o n s ist e d  of ’

an oi l  p i s t on fo r e pump d i i t c l  ci I iu’ho— ,Ie ’t

high vat’ uum pump . Ar - n I c -n i  I :~ci t I on oci uge’
vacuum monItor was used.
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Ppe’ — launch o t :lrt—up of’ the ’ I’co It I V e ’ i on

Ream System r ’quires the f’o l l o~~i~ t : - ~~~~ ‘ -

quence of ’ ope:’atlons ,

( 1 )  P r io r  t o  i’—one hour’ the nose con”
of t h e ’ payload is removed an c~i

the  p o r t a b l e  p u m p i n g  s t a t  i c - n c  I c ;

moved n e a - ’  the  payload and c o n c c c t - : t  t,T’d
I o the ru -crc— out . port of t he I o t t
so ur ce  bi  i w — o f f ’  cov er. ~‘Pcc- lent c~ O U d ’ e’t ’

Is evacuac i’d 1-0 ci p r e s s ur e  o: ’ 1- .) 1 er r

o r b e t t o r .

~
‘ ) At T — c - n i c ’ h o ur  I he P 1 ~~ comman d cc I c c c c n i a t  c-I ’

I s -  c c - n n e c c  e~i t . o he ’ f’I~~S I es- I

u m b i l i c a l  c’oninect or and the m i t  Icr 1—

Ic~a tI o n  commands t,~~j t h O U ’c I n s t  n’uccct ’t c t

power on ) a in ’ gi yen 7 , -‘
~ , 10 , 1 , 1 -  , 1 c)

20 ,23,28. ( C t -c ‘able 2). The’ i 1 ~~C

i s  turned on by co n t  i’d In the h l o c ’e- :hcc - u c ; e’

t h r o ugh la n d  l in e s  c o n n e c t  e’d t o  anot hen’

umbilical connecto r .

( 3 )  Command 3 I s  g I v e n  and a f t  or ’  f I v e ’
O t ’ c ond s • command  14 01 y e ’  c i  - ~‘h I ci

a l l ows  sut’f’I c t e ’-i i t expe llant g d i c i  o be

en te red  I n t o  the front t ’nd 0 1’ 1 1 - n c ’

p ress ur e c ’e g u l a t  or (at )OQ to 1000 p sI

to  oper a t  - ‘ t h e  P I R S  for  2 I / ’  t o
hours. A ’ this time the t o c i l o a t i o n
gau ge I n  - he launch t ower n ’I secc t o  2 t o

5 x lO~~ orr because of t h e  x e n on gas
flow .

— 1 2—
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(14 ) Cocc c r cccincd 5 is ,tve n , a p p l y i n g  a b o u t

25 w a t t  a of ’ power  t u I he ’ ca t  Pt de
hea t  en-’ and t u i ’r i  I n n e  c i t  t l i t  - d I ccc h an ’ge
supp  lv with I n c he P I PC

(~~~~ 
Coc ’icccan -tds i , 10 and 2~ diPt ’ c i v e c n  I n
n’:mnt d su t ’c e a s l c - i  . -~‘o:c icuand ~~‘ t u r n s on

ht ~ i c - i c  gun p ew -r , I i nc lud l i i — 1 he
-cee u ’er , bea:’c an -id a c c e l  sunpi ¶ t~s-

‘oc:-c ’ c - lc j  10 n’eccioves t -he k e e n en ’
p o w e r , a nd c L - e ccc mcin d 28 x’ e -mov es-

t he’ be ’ accc and acce  1 r ’ower  . At h i  cc
c - o h - i t  a d I s c h a rg e  s h o u l d  he struck
as indica ted by a na lo g  cc1 ~~ i - I  t el ’ s ,

3 ar id t~

A t T— ~0 ccii nut c’S the pump rer’t c - r i  I he

loni s-at i c -n chamber ot’ t he Pi- ~C Is closed ,

t h e  v a c u u n n  sy s t e m  s t o w e d  away  f r o m  the
r—avl oad • and the  nose C O f l e’ m o u n t  ed In

a l a c e  - The P T P S  coricci an d umb I 11 cal cord
cc r e m o v e d  and t l i t ’ lris t r ’un en it is n ’ocd v
for f~ na1 c o u n t  down an-id f l ig h t  -

At t h e  proper a l t i t u d e  nower  I s  ar -n a i l e d
t .o a r e l ay  d r ive r  card a l l o w i n g  the
command program to be entered in t o the
F IB S , and to the high power mode relay

in the EBS . The autom atic command se-

quenc e Is  shown i n  T ab l e  1 4 .

— i  3—
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Pr io r  to  t h e  a r e n - l l c a t  Ion  of pro -ram

power the P1PC I on gun pow er I s  o f f
a r id  l i e  - n’e is  I he ‘re fore  rn ’ be anc ; v - 11 ci cc
nor can the neut ralizer fliameni and
n e u t  r a l  l:~er b i a s  s u p p ly  be I ux’’ce ’~i c - c .

The e l ec t ron gun  at t h I s  t i m e  can
ope rate proper ly In modes Q an d l f l
but the high current and high v o l t a - - ’
relays cannot be pulled In until the

application of program power. Vod~
number -  ii t here fore can only  en : h~~c
t h e  EBS t o  emi t  13 m I l l i a m p e re s  a~
1 .5  k l l o vo lt s .

Each mode l a s t s  one—half second . A

m ode cycle Is t he refo re  s i x  se~’ - l c ~Is l o ng .

W i t h  t h e  a p p li  cat  I o n  of’ p ro gram p c-w er ’  f rom

the exper imen t  t imer , the  }‘Tl~C start s
F to operate at the time c-f the next

signal , when PIPS command No. a I S  i s su e d .

2 .2  I n s t r u m e n t  P r o c c ’a m me r

An Instrument pr’ogrammer was r’equired t e
establish a mode sequence’ for t h e  rnrt t c~~~e ’

be cim s y s t e ms and also to  set some of t h e ’
measurement Ins t rument  c-c ar a c c i a t e r s  as a
f u n c t i o n  of ciode .

— l
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a each ‘cede of t- he na at. I c  it ’ guns
h~ Ret ard I c ;g P ot  - n - n t - lal Anal V z en ’  Is

at ‘at-ed through c c l x  l eve l s  of c i c c c i l y s i s

The cci n of  I he out or t. he ’r’cn:i l cmi ss ye

nr o be s  ‘ - n a t  he  ch cm n ig ed as- a funcc Ic - cc of

9 i - a r t  i d e  polarity. T h -  T n t  c - n ’ — C e c m - c . t

v o l4  me t - -a  mu s t  ch a nc e  ;~rc ’ — a n r l h  ‘h-c’

g a i n  :cc cd I “cne chan ce level In a nt  e l  zc cc Ion

of trans I ‘c- -i t s at ec~ch mode- c h a ng e  -

c ame ’ra cc htc I or ’ caus be -advanc e d  at

each mode c h a nc e  and t- ’~ ‘°,v e n  t- ’ n a rv
coded dec 1 md di -~i t cil I n format c-cc fec’

r e c o r d I n g  of mode and -‘code ciequc ’l c~’c

count on each nicture frame for-

correlation of camera c’ocorded e v e n t s
w I t h  ex a er i m en t - n c ’o- ” r ’a:’c -

2 . 2 . 1  Pro - -rammer Circu it Descria t I on

The Inst ruc’cen t arograc’; i’ecc u c’es

t w o  c i r c u i t  boards In the inst-ru-

ment elec t route s box lo ca t ~‘d in  t h e

un—pressurIzed electronics sect i o n .

The s c h e m a t i c s  are s h o w n - n  on D r a w i ng s

D—87 5 and D— 8 7 14 .

U1 of Drawing r i— 87 6 Is a 214 Hz

o s c i l l a t o r .  li~ Is a d i v i d e - b y - t w e l ve
c o u n t e r .  The f i r s t  st ace  e u t o u t  i s

and Is a square wave’ at 12 Ho .

This is t-he bas ic  t i m e  I n i t e n ’ v a l  rt ’—
quired for the six st-o s p er’ mode

for ’ t he Ret  a r d i n - i g  Pot  enc t - I a I A n c -i l y  - en’.

-in-
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The last t hree St ages of U 2 c a c c  b e -  c o n  —

sidered a divide —by— six ‘ -cu c c t e ’ r ’  w i t h

w e i g h t s  of 1, 2 and 3 for 
~~~

, ~? , c ind
Cu p u - i s .

U~ is a 1 of 8 d ec o d er H d t ’c ’ c n l c  I z - l e x t -i ’

which co nverts t-he divide —t v— c ix c - n t ’. —
p u t s  to  1 of ‘~ o u t-n ’u t s , dow n . i c~ ~~~

- -

hex Invert er produc ¶ ng he I

B1 ,  one— - f—s ix , ure , ai g u H o  fc c’ ‘he
Retard in -: P o t e nt  l al  A n a l y z e r ’  - a t i  P

s h o w s  th  ‘ count In he aoc ~~i ii ’ o s-- c

of  ~~ ye ‘s-u s t h e  o u t  out  cc of t ’ ., acid c- c -
, 

-

The o u t s - c ’ 01’ t h e  ~a sl  s t a g ’  01’ U . , ,  A .
i s  a s - i u  ire  w a v e  at  1 P s-  - I c i  cc cc I c;

b a s i c  t I cc I cc l ‘ i’Vc i  ~ :‘ n’ ea c h  mo te of

h e ’ I we i ce  st  en c — r o g y c r c ;  , Tb I cc o c c t  c ’z t  I

counted ~n tb - i’ dl v ide— bv — t welve do - n c - n t e ’t

U 14 ,  on P n ’ a w i n g  D — ~~7-~

It should be nc -t ed  here t hat t b -  c i r c ui t s

o 4~~~T T  p p c c 
~ u a d ’

1’ H’ 7’ 8’ °‘ 12 ’ ‘ ‘ 11
we re used In t h e  ori-Hnal rrc-gramm ’n ’

desicni t o  provide variable cs-ed -’ l e ng t h s

in modes 14 and S. These Wo c t ’ the cs-odes

when the  n e u t r a l i z e r  f i l a m e n t  was
o r ig i n a l ly  turned on and o1~1~. The o n—
o f f  the rmal t i m e  c o n s t a n ts  c - if  t h e  Cl l a —
ments  were not known at t h a t  t i m e  so

p r o v i s i o n  was made t-o p r e—w i -n ’o  e xt en d e d

— It S—

- ~~~~~~~~~~~~~~~~~~~~ ~~~_ : J1 ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -  - ~ ,



non es  in  ~c n : — — h a l c  s ? c o n d  incr encccn;t ~ in

bot ¶c i’iode ~ a n d  ~I L d  - - These deJ :iys

w-i-r ’e hv— aasst - d Ini t i e  f l ig h t  c oc cfl --tcr ’at I n c

s - I n c~ - t he  t h e n ’ s - m i t i m e  constants I c . —

vol -c _ I w o n ’ t - I c - u n -_I t i -c  : c ; s - I — n c i t  I c c m c c t

n ’ e - l cit i v c -  t o  t h e  f i n a l  c r ’ogn ’n r : c  d e c ’ i - n c.

The out nuts of U~ a - ’e r ’ t-tur’n c c- d t o  “Ic-dc -
glc ccal Gent - a n t o n ’  ccc S c h e r c r :m t l  c D—S7 (~
and  c :’e 1’ ’ 1 t o  P an d ~~~ i’o r n ’ ; i : c g  a s - ’~t’ —

o f — t w e l v e , d o w n ;  cIa n it - U
9 

a c - n d  U 10
I n v e r t  ‘c a e S e  out  a n t s - -  t o  p odc ce p o c c i t i  vo
gates  i’ü t  use  I n ;  tb - Petan’Jinn g P o t e n t i a l
A n i a l y z e n ’ . TaP- ~~ a b o w s  t h e -  count In

t h e  ~Iode  counter ve ts - us the ~- o L c n i t  c- c-
deceder outnut s.

U
1 

- . g e n e r a t es  a h I g h  s ign a l  wh ’n i n c
mo~ies 1 t h r o u g h  8 ( F IP ~ O x ) .  T h I s  si gn a l
is us -ed  to  :‘educe th e  gain of t h e  o u t e c ’
The anal  Yl  sa l v e  Probes on the Uoc-nccs -

wht ’c c t h e  ion beam is  en .

The logic of t he  g a t e s  in U
1~ 

c-reduces

a p o si t i v e  g a t e , c. H , which brackets

each mode change. This r e s ul t i n g  ga t e

i s  p r e s e n t  f rom a p p r o x im at e l y  2 0  cs-t ill—

seconds  b e f o r e  u n t i l  20 millIseconds aft-er

e v er y  mo de change . This gate Is used  to

change the gain and impedance of the

intersegment bi—pola r voltmeter’ and to

reset and look for’ peak trans Ient ri om it of’ I

bi—polar volmeter l ust after mode chan’Ie .

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



‘ t h e ’  e rca I o I’ I I ~, i c c  nc - - I  t c e - r n  - r ’ c i  I

c l c i l t ’ , ’ - c : c . -  ,‘ c ’ I i ’ t : c - , c t  i , _ ~
Il , it , , r i m  te l It c c c i i i  i t  — i I, i - t I c c c  ~1 t i c ~ - - V - - —

I ngt  - I e ‘p t ’c- i’  I e’ I c - l i m e ’ I

‘I’l t ‘ e I ‘0 ii  ¶ c - I ’ I cc m m c c  - ~j  1 e t  ~~ 
- i t  - I ’ - - -

ci I w t  I v i . ’ s t e ’p c c l a I c ’ c - c i ; c , — p ’t r ’ ’sc ’nl i c - s -

I he’ nnodc , ’ c - - i n  m l  c i ’  I , H S , - ‘ I ~m —

I’ut cc ) fon’ I e I e ’ nme ’  I i ’y

c -fl c c , ’ t i e  m c i i  I c H— I~/ Ii~ c i  t i c i  P 
-n - 

c m

c i i  v~~c 1e ’— h y — : c I  x l  ce ’ i i  c ’c- r n i I  t ’i’l wh i ‘Ic

, ‘ c - m i n t  t he ’  n m m u n n b t ’ i ’  c - i t ’ I We ’ I V t ’ s l o p  n c - - I t -

eye’ 1 e ’ cc - i~i me ’ v c i  t ’ e ’ cu - c i  h i  - - I ’ c i ’  - ‘ m  m u - n c - s c  m u I i i - ’
2’ - nic - cit ’ e ’ y c ’ Ic - c c I ’c p a t  - c-c e ‘at 1 nc: I t - ‘ - - I c - c c

- n ’ - ‘ . -i m u  m a t  e - S c-I’ pc i V 1 ‘ c i  I c - i - c r c  I I - -mm

i e l - i e~ c- u t  p u t  c c c i ’ I h e ’ t I~ - mmcl I ‘ m -  c - - ‘ m c m l  t - c c ’ ci at -

c c , c mmc ’d 11 )  h I  m i  i v  W e ’ 1, - ci t -i -d l ’ t - c c  i c c l  - c-

l I I d i i i ’ -h’ e ’ :c I c e  p n ’ c - d i m , ’ -i ’ I W c ~ c c l x i e ’e ’fl cc l c - } t

c c l  c i i  n ’ c ’ c i c c t ’:; , and I , i ’c- r’ I e ’ l t ’ n c m e l t a  —

l l m t  ‘ - - m i t  p u t  c c - I ’ t i l e ’  1 , 11 , , cc ird i l
-n

c ~an t  ‘J ’ :c arc ci  1 cc - - cc t — I I I I - I - c c c  c c c  - inc

e 1 ’ , ’ I ac -r i  I -i ’ cc . 1 ‘c i d c c  I I I n i c c  - I ’ i
_ - i

( I -  ‘~~: ; t - c ; I g m i  I I’ I c ’ n r m t  I ’ I n c - I ’ 1 I r e ’  inc- I- i -

c i n c i t e ’ a c i i ’ , ’ i n s  si in I a’ c ’ d i  ‘ m c  - I ’ d  I ~ ‘ I t  - ,‘ —

I ac-n ¶ c c c I I i’ 1 :  e - ‘ I fit ’ ‘ : i I i i c  c’a c c l  i i i t  t - a
c - m i c e ’  e ’ V e ’ I ’V  cna ’ — h ;r I I ’ c c e - e ’ e n m - i l  or  e ’V c I ’ \ ’

m o d e ’ -i ’ hangc  - -4 1 1 h i t  c c t I ’ I h e ’ I t i n ’ -

c o u t r t  e ’ t ’ : c  a r c  u n n e ’ c i  ‘ -i’  ~t n m e ’ p d i l  I c-fl c - i l ’

d c - ’  ¶ rri : i 1 d i  - : 1 1 c c  i n  t i m ’ - ‘ c i l n t ’ I ’ n i  d l  n p  i c c

c i i i  I w f r  ¶ c l i  p n ’ t — V I d c c c  ci , ‘ c - c i e  - - 1 l ’i’:c nne -i i i m i i i i h e ’ a

-1  b~ -
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-
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t ’- - n ’  c ’ct ’in p 1 ~‘ t  W e ’  fr ame  t cu k ~’ c m .  A
- c c ’  a ¶ pt  I~~r -i c f  ¶ tic e c- cIc ’~ cund

cc- n ’ re ’ 1 c i t  I c —m i w I t  H I he ~‘R- i c l t ’ a m i d  p n ’ c - —
ccl  i ’m 1’ , ’ a c c c c  i c c  ci ’sc ’ri h t ’ - i i  ‘I c i t  or ’

I n  ¶ iii cc n ’ - r — c ’i’ t

-
t 

. Hot ar’ - i1ln m .-~ Pot m i t  I n t l  A n c u i y : ’ e ’a

Pt m t - P I A  exp t ’ c’i n- c - n I icc s - m a c i c  i i i -  of I i i n ’ c - e  c ’c - nm —

p c - uie ’ cm l c c . ‘Pw c-  cl n’ i ’ c c, ’ n i c c on ’  h - i c c O~~c Ic ~~c c - - c n ’ t m  w i t  i i

i t  cc c - w in  c o i l ’  ,‘- u m t  ci ¶ n n ’ ,l h i  —p olar ’ loc ” c i n’ I t i ~ --n I c ’

cimpi 1 1’ I c ’ p :uud  t h e ’ t l i i  a- il  I - n c  I h e -i ,‘~ncu c~ni ,‘ I e c —

-~ t acm ¶ , ‘ cc p c u c ~c c m c -’ - . Pcich c c , ’ r l c c or I c c  n cm m i i t  cc l

wi I H I t c c c r c  coat alice ’ ax I n c  p cn’ i- c ’n ld I c url cii’ I c- I he ’

v - ‘H I - ‘ 1 ax I c c  ar i d  a t  -~ C dc ’ ’  at  - , - cc t ’n ’ -i - n ii t he ’  c - I t  m e ’ a

c c c ’ i i c c ,  — a

-
— 

- - I C e n m c c c ’ n ’  i ” , ’ c c c ’ a ¶ p t I c-n

The mc c - n m - n c  - r’ c c c i c ’e ’ I d e n t  I c a l  . An ci cc cc c ’s-i h 1 v

dr aw I n -; l’or I hem Is c 1 c c - r~ n m  I n  Di ’ c rw l r ig

C — 1 4 2 5  . Fa ch son m c c c - n ’  m a - n - i c c  I c c  I cc c-f t’ou p

el c -n mc ’n i t cc . C ue I c ;  ci c-n -i - ¶ cich cineu’I m a c

w i t h  IWO I u i t r m : c c t - o l i  s - m t - i n c h  g r i d s  c c p a ~’ c -d

2 . 1 I m i o h e n ;  a p a r t  an-il li c m v ¶ t i c ~ cia

c -p t  I c  c i i  I hn ’ou - - cIa- ut o!~ C - C - Thc ’ u s e ’ c ’t  r c a - i -

I c ; m c u , i  c a - il - i  - i r rh I c t ’;I’i d In e ) i’c i t ’ l’ 10  u m i i i  i c c - n

0 Icc ’ I ron ; I cii I 0 p u n i o h — t  t i  n ’ c - m i  - cii c-f’ I l i e ’ Pc ’—

I curd I c i - ’: v o l t  n i C e -i f rom af ’ t’ t - e ’t 1n~’c t h e ’

envi roamer-it l i s t  c m l  cc I elm ’ I la- i  se ’nn ol’

The’ i’ m -i I cia - il ¶ rig c - i ’  I ci I cc C c -i a ~‘ba ’cc bob I ne t
I he ’ ape ’ a t  r r r ’ e  a n d  I t  cc c - I - i t  I c c i i  I hr’c — u ”tm— p u t

I s  0 . c-C . ‘i’hm’ crux ii I nay grid c - i t’ t w o

n’i m ’~~t ’ie ’ cc C — I - i  ¶ n i c , ’ he ’cc cc r : i  n ’ t  c m -i C , ‘-i I n c  he ’ c c

‘ l’ ’ s - c I h e ’ I’d cu’d ¶ c ’ ‘ci’ ¶ d - TI s’ I c- I ci 1

I lii ’c - urgh—n c il - t  I ’ c i i  1 1 tic gi ’  I d c c  ¶ mc . I~ I c .

1 e -
~
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‘i’h Is c m i , I I I  - c c ’y ‘cc’ I -ii I n ;  ~l~’ut ’ Ic ’ I n u  c- I’

c- cir l u i t u l  ‘ c ’ I tie 0:1 1 - tel 1 :Inuc c ’ i - - n  \~~~ c i  l i i i ’

re t : t r ’ ci ¶ i~n g,p tel cmnd I I - n c ~ c c - I  c ’ - ’ - i l’ cu t - I

b — v  I ’ m i i  I - - i t  cc, I i  ~t t he - ill c c c  - I t i ~~’ c ’s- ic ’ - I o c c n ’  1’ , ’ ’  -

0 1 lie ’ I n -i put -i — I ’ t in’ l c - n ’ : c r i ’ i  I t i c s - i c ’ c e - n t - I I ‘ 1 -
clue ’ t c- I he b - ia - -c e ’ v o lt ;p -c e ’ cc l - ‘ I -c c - ~c CC \

c i p p i  i t ’d  t o t h e ’  r et  c i i i I n i - -c - i ’  I d - i- —

c- , -i I I ce ’ I - ‘a c~ P c c c l hc-etc’ ¶ cc  ci ccl ci I cm I - ‘ca

c c l  ca ’ I p I :u I e~ C , c I r a ’  he ’ cc he ’ t i  f c c - i  a:: - - - c

gi ’ id

I’he’ vo 11 :1-Ic’s c c ii d mn c ‘ a t fir e - I’ e ’ I ci i’d ¶ cc- -

amid aux i i  I a n y  ~- :r’ I dcc t’c- n’ tatc ’li c c e ’ I : , e c l ’  c c ’ ’

eICV e ’ I ‘p c - c l  l ’ac-Inm c c - tim c c m omi cI t ’ s’U I I cc , h e ’

C 0 1 i c - c  I - r c-i e ’ I i  I I :1 1 I c c  c c c l  c i t - i  I 1 c cl a d
• c i t ga-i’ m iim - il b y ac’ l ’c ’ I ’ e ’ i l c ’ e ’ v o l t  c l - c - i n c  

~~
t wo c c c ’pc ’ i s - m t  c c-pe ’t ’ n l t  Ic-rai l cans -i 1 1’ I e ’ c ’ cc

T Ic - i - c i p c r ’ t  na - i ’ c c n ’ I d c c  can - i  c m lw , iv c c c ut F ‘.0 \

un met I t ie ’ c ’ c- l i i . ’ c - i c-i’ cml - ‘ c ’ n ’c - w 1 t hi i n ’  c r p ~‘ ‘1

I 0 1 t i e ’ vc ’t’c Ic ’ I t ’ p o t  c - ci t I c i i  , l i e ’ c c l  c m c c l  I

cu rd ciii x 1 1 1 c m  n ’y gi ’  Id  vc -i i t  cm ’c e ’ c c it ’d p ac -  -_

‘ ; r ’ : i c ’ i n n m e ’d 1cm niuc -cl t’cc H
1 

I t’i l ’ c - i m l c -c l -n ~~
cc l  ep c c  H I t’ura ’ug,ii f~ cc , ; cc lm owni Iii ~

‘aI- I c ’ 
- -

‘i’he’ c i i i  x I I Icr  r’y gt’ I ci I c c  c s - c ud  t ‘ — I ’  - v - i ’ c c

1 0 mu l ,i I tir I c cc ’ c c’ C e i  ida \‘ 1 e - c - I I’- - I cc I ’m ’ - - mc

I cciv I nig, t hi.’ cc - I loo t c-i ’ wlucuc Ii I -‘h e u r e t ’-
part Ic 105 c u t ’ e  I n s - a ’ , — : ;  ¶ t ic ;  c - nm ¶ I —

1~r t~l I c c t i r a de ’ c cc ’c ’ c- v - i ’ t I n ;  w l c e ’ n i e ’v e ’i’ 11 c c — 
~

V O l t  l’ c ’I e a r l  icr I e n n u i  c c - i n n  c- ¶ h u t  c I c  I tin I

lie I um ~ a pp I I ccl I c- I he ’ l’ e ’ I a c i  I n a :  c t ’  l e t  -

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

= ~~~~~~ ~~~~~~~~~~ 
- 
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- 1 .~

-i m~
-
~ Hi— P olar j o - - sri I h m l  c ’ Aa ’i l I I ’ l e ’I

— 
j u t ’ h I—p olar ’ i - a ” s i ’ l  I birirtc ,’ c is - m i I I  fle ’i ’ c i

ci re - d e - cc I ~, t r t ’cI I - cue -c m ccci am - I he nr c- i l c ’h~ n ’ C - I
pa at  I d e - n c  c m - i l  I t - c t  c ’d c-ti I he ’ (‘c- it tic -dc’

e l t c n n c ’ n m t .  of ’ t he’ RI’A n c c ’ n m ccc - c’cc - T l m o

a n up l l  t ’I or’s °c-n’ c n m t ’h c c c ’FIsc -i ’  p cc - k a g ,o cu’ ’

I t i c - n it I c a l - C c u , 1 .1 P i-cc t- I on dat  a lii I lie’
l’c-i’m c-I’ 1~I ye ’ dcc’cide c i u I ’ V c ’cc ¶ cc - c l  von

In  P t  c mii’ ,- I . It ho c ut - nc - i It ’ I e ’i’ c-uI sat

vol c c u - c e - f - i -i c’ c c ’n ’ -i - I c i p u t  cuc ’ i ’ t ’ n i t  I s
110 v o l t  c- . Pc -a I n p u t  cu c ’n ’ e - i n m t  cc

I ha r t  C~~ ~ : m n s - i - c - at ’:; t he ’ cu i’ve In ;

app  r’o xl is-a Ic ’ 1 ,V i t flL’:r n ’ - I c  - P l~ itui I cci rae ’ n i l c c

— 10
c t c ’ e - c i t - e ’r ’ t c i m c c n  10 c ls - m n- t -ic’e cc I he ’ c ’I l r v e ’

I cc lo gar’I t hnn Ic w i t h  a cc ic - i - it - c-I’ C

vol Ic ; a c - n ’  c,Ie’cc icle ’ ln e ’r’ean -c I I n c -c t’c- a c - : c i t  l y e ’

c ’u r ’n ’ e -i n i t  ccc acid de’cr’ e’as lcr - i~ t ’c-~’ ri o -cc - it I v-ic

e ’ u l ’ p m ’ c i t  cc — ‘lt hc’ - i - u t  j - i u t .  I c c  11 ni- i l t e ’d 1-v
cc , nc m I c on d u c t  or’:; t’n ’c - c ti CO I rat h - it - i l OW — O h \‘

c - n ’  above +1 , . vo i~ cc

tl’h ’ cc oh e ’r nm : i  I I c for’ t he P 1 —pc - i - n un’ lc-ct:u rh len Ic

amn pl l  t’It ’rs 1:; shown Icr Drawl rig ~~
_
~iq~~ -

I t  cons  ‘m cc l cc c - i ’ ci i i i , gli h i p - n u n  I u m a ’ c ’e l c i n c c ’

low lc c ii~ccgo o I ’r ’a l  I c - r a i l  a s - m n - I l  f I  c - i ’ ,

U
1
an T C 1 I  5’ - iOCl ,\ , Iwo l c - :~~’c I n ic ci p~ -mrl I - cc ,

I l i e ’ n u n  In  c-le-’m t- t - it cc t’c-i’ w in I oh cur e ’ the ’

PNF t r’anst st c-I’ i’c-i ’ ne ’c ” c c t .  I vi.’ I cipud

c c i  r’n’ e - i n ml cc cind t he’ N PN I t ’ c n  n - i n —  In c t c-i’

t’or’ 1- ic - cc I t  I ‘,‘ e ’ I cr 1—u i c’’lt’l’ e ’ n u l cc , d ccl I l i t ’

c c I gr ic i 1 c c - r i d  I I  I c - n m  I mn - -c amn np i i  l I e ’ P I i

~‘ l n e ’ I ripa I and - ‘iii p~ I c - f ’  l i ~ ci i’ e ’ Ic ‘ccc t~~ n e ’cl

I c- be ’ c i t  sen’c - v- i’ l l  cc l’-~-i P ’ ,- ’- e ’ i ’  - - I ni l - i cr

— ‘ i —

- -‘ -~ 

- 
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c u r ren t - . The feedback hel as (clot or- —
m ined by H,7 H H 5 H 10 t’ea’ I he’ ri e ’it c t 1 I V t ’

lo g gI n g  e l i - c u t  t ) and by 
~ 

H R 1 ~ 
H 1

for I he p c - c - n i l  I ye’ 1 optgl lu : ’ - ‘ I I ’ e ’U It

e ’pt’rat ing -en t i e  n a t u r a l  log ‘lmcirct ~’l ‘ - 1 ’ —

1st Ic o f ’ Q ,  acid of’ PC is-v pea ’ s’cade-

of I n p u t  cu r r en t  i - e s u l t c c  I c r  c -u i  c - a l  c a c mnm g - -

of ’ 0 .7 0  v o l t  cc p c ’r decade  above , m u r d
be low zero vo I t  cc . i’he c - I c e ’ an t  i c - n ei l

am p l i f i e r  l t . .~ I S  usc ’d t e e  c-t ’t’st’t t tm e ’  sc-c’ - i- i

t o  app r o x l i - n m a t  e l y  + C c -i v - i - l i : ;  m d  c c e ’t

- ‘  I he ga in  t a 0 - ~ vol I cc am- a dt ’cac,lm’ Ic ’ g Ive ’

a pp r o x i m a t e ’  ly  +~~-i de cades c- I’ dyr m :ms - m i - i ’ m ’:i I n

bet ween 0 and + ‘~ - 0 ~‘ol t r’, - He ’:; l e t  c-pc;

H 8 ari d H 1 , I n  t h e ’ l’e ’e dh a e ’k b - c - i l  ci cno t wc, -p l-c: c

have t c e n npe r ’a t - mnnn ’  c c - i ef f l  ‘l t ’til lv , -i - i t ’

0 . 7e~%/
( 

t c- (‘o mp enn ;a t  e t’c-r’ I l ie ’ I c mli—

perat-ure ‘c-c’ t’flc ’lent of ’ t l ie c ; c n n i l —

c o n d u c t or  l o g c i a I I  hc n - i1 c cci  - - , - chc i  i ’ c c ~’ I e ’ P—

I cc l~ Ics - The d l  ep l  :I c ’e ’ ncmt ’I mi c ’urr’e’nml I - I i - no

in p u t  c- f ’  i-he amp i I flem’ l’t’ c - c c I hi.~ c- - it :ig~’

sw i I c,’hlc-ig wavc ’t’ornnrc; e—
~I - i  I hi..’ act cii’ el 1 c m - c  c i t a l

a u x I l I a r y  g r i d - n c  c o u p l e d  I i i t ’ c - m i ’ - l m I tie -I c’

l’ c ’Spc ’dl  1 V e ’ ‘:tp,~i c1 t m’rc; I ‘ I hic , c’;i l  i m c - c l c ’ I n c

‘ c ilice ’ h e ’d by - n i l - i l - i l  ‘,‘ I r c c ’c cm c c c u i m i - i  I c ’ c - I’ I t i e ’

ree I prical (“ I’ t - h i t ’ ccc - WflV (’l’ctr’ ciicc I ha - - in c - c l - n
capacitor ’ ‘ 

— - ‘i’he volt c - i c - i c e ’ t a nt i c ;  I - i - u i  f r o m
‘I

1 he ’ a u x I  11 cry tIn d In c t ime ’ c’r’doc’ c - I ’ I~-

V o l t  cc I hromrgh oo pt’ anal I t i c - I c - r i  t lie ’ Pt ’ —

a rdi  u-l g gr I d  t tic -i or d er e~ I ’ C 0 0 0  v c c l  I

through 0 - 00 p1’ . The mn’su lt c - t n t  d l : ; —
p l a c e m e n t  cu r r en t  I s abo ut  I I 0 10 atc l p c ’n ’ e’ cc

and w i t  h a dural Ion  c-f’ I c ’S: ; I han C .  -
t

seco nds -
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0. 3. 3 The HFA Elec t roni  cc; Packa ge

The electronics package consists of Mode

and Range Logic , Relay C i r c u i t s , a H i g h -n
Voltage Power Supply ,  a Lo w V o l t a g e ’ An : u lo g
Multiplexer , and Signal C o n d i t i o n i n g

C i r c u i t s  for the re tardin g grid , a u x i l i a r y
grId , t e l e m e t r y  mon i to r s  and displace-
ment cur rent-  a m p l i f i e r .  The schemat .Iccc

for  the  e l e c t r o n i c s  package are shown
In Drawin g s  c— 89 g and D—~ 00.

The r e t a r d i ng  gr id  v o l t ag e  s t e p pin g

rhilosophy Is easily demonst r’ cm t - t -i cd m r

Drawing C—899. There arc’ t-wo c-c t c c -pin g

volt-age ladders generated . On e’ Is

re 1’erred to as a HI~~h Voltage’ 1,cidde ’n’

used in Modes l_~ _ 3_ 1l_ 6_ 7_ q_ l0_ il

amid the other 1:; the Low Volt age-i l adde r ’
used in Modes t3~ 8_ i 0 .  ‘I’he c-;e’lec l Ion

is made by energi  s in g ,  re lay  1< 1 l’oi’

the High Voltage l adder or K , for th e’

L o w Volt  age Ladder .  The H I gh V o l t  c- ge ’

L adder is generated by p roper ly  ener’gI,clng

h igh  vo l t age  reed re lays  K . ~ t hrough K 1~~.

The Low Vol t -age  l adder is ger-i e r at  ed
(D_000) by properly gat tnt t h e ’ a n a l o g

multiplexer U~~ and level c h r a u r g i n a t
operat ional amplifier U~~ R.
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1Plie h igh Voltage l adder as showcm In

Table 7 must  be able  to go from + mC- o
—2000 volts as function of Mod e ci ’ mci

Range . The p o l a r i t y  s e l ec t i o n  I s
accomplished by re lay s K 10 t hrou :”ii K 13 .
If ’ K 10 and K 13 are c losed  c c - i c m t a c t  K 1 ,

grounds the  nega t ive  t e rmina l  of ’ t h e
high voltage power supply and K 10 c a r - n t a ’ l

connects the  p o s i t i v e  t e r m i n a l  t o  t he
I n p ut  of’ the ran ge relays K 3 t hi’ou th K Q .

-

‘ 
Tb - ? minus  p o l a r i i -y  ladder is gec ta’al c-id
by closing relays K11 an d K 1~~, Feet’

b ot h re o la r l t y  ladders there are h a s i c l l y

tW e) le ve ls  —1000 volt- s and : ‘OOO v o l t s .
With KQ unenergized resistor R,-, Ic ;  mad e

p art of t he range d iv ide r  and t h e

highest voltage available at K~ Is

±, 1000 v o l t - s .  W i t h  K~ ener t ~l s e ’d R .
is shorted out and t h e  f u l l  0000
vo l t s  is ava i l ab le  at K 3. The r e s I s t o r ’

di v ide r R
3 

th rough H 8 makes a v a i l a b l e ’
voltages which are related 1-0 those

above am -nd below by f a c t o r s  of a p p r o x l m a t e ’iy
th ree,

The logic per forme d for  e mi c ’r ’gl : c i n c t  mac c- l i

re lay  as a f u n c t i o n  of Mode and Range

is as fo l l ow -n ; :

HI or Lee Vol tage
K 1~~~, M

i+M c +M
3

+M
~i +M6+M

7
+M q +M

i~i
+
~ h i

- -

- . 

~ __ 1~
__

~~~ ~~-~~~-~~ -- ~~~~~~ ---- ‘- ‘ ~~~~~——
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~a.c ~~~~~~~~~~~~~~~~~~~~

Magn i tude
K
9
=’1 1

+M 0+M 10 +M 11+M 6 ( R ~ +R~ +H()

Polarity Pos~ tIv e

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

(K
l3 )=M l +M 0+M 3

h p l +~!,p +~ e (Rj~+H L +R

PolarIty Negative

(K1) ( K
1 

) = ~~q +M 10 +M 11+~ 1 1, ( R
1

+ !~~~+ R :~ )

Range Re lays
K8’H 1 ( M 1+ M + ~I 4 +M7

+M~ +M 10 +M 11
’)

K
7

=R , (r ~i 1+”l 2 +~ ~+M~~+~1
7 +M 0 +M 10 +~111

)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ R~

K r =R ~~( M 1+M~~+~c
3+M~ +M 7 +M Q +M 10 +M 11) +

~~~ 
fl~~~i ’4’R-

K~~=R 5 (M 1+ ’Vl ,, +Y 3+~ci
14 +M 7

+I~0 +~C 1 0+ 1 1 l~

K
3
=R 5

(M
1+M ,+ Y +~l 11 +N

7
+’00+ici 1 0~~’ 1 l~~6

’
~ 

~~~ H 1

The Low V o l t a g e  Ladder icc generated

by a analog mul t i p l e x e r  U
11 

as shown I n
Drawing D — 9 0 0 .  The BCD s igna l s  A 1,
A~~, and A 3 w h i c h  represent-  the Range
Log ic  before  decod ing  are used to ga l . -

the  appr opr ia te  vol tage  e s tab l I shed
by the  res i s tor
divider R21 through R 31 . This volt-age’

Is then conditioned by t -he  ope ’r at t o n a l
a mp l i f I e r  U12B t o obta in the  ladders
required in Modes ~~~ , 8 , and 10.
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:‘ic-’ I - ‘c-i c I~~u~ :lLr x I I I  - - c-’,’ - n v c - l c c i t e ’

I f Sc ’ ‘0 or — l~ I I ~
- t - u m  a \ ‘

\-‘ ( — 1  ,~~= ( R -s- !~ - +H ) ( r +v ,~~~~~
‘ +v  c~~’ ,. + - :  + -  ,~~~~~‘i ,

r t  I s  t e ’n re r a~ e ’d t ’v ~u a n ~ c-~ -

~~~~

‘

~~~ 
-

t he abe”ve con -id I t I nc-c; -

The I I  c i —  m e -c-m o ld c m l r l ’ t- ’cd -p mOe 1 Ia 1 I c - n i

wav e ’0 - - : - ’  :; de ’Vcl c-c-eel t - v  c m t - u - u ’ e c - -u I cm~ c - I

I ci t \‘ cmnet \-‘ hrc -ir~tC 
C.~ cc - - I  FR - IC

I i i - : - - c- ’ I n t  t ‘i n ’ o : : di I h e ’  - - c - e r c u  ¶ ~ac-c 1

c a ’-nal  I f I  ca 
~
‘
l — A .

~h - t - a I  l • c : ’ l s s ~~o t r  F n ’ -Pcc - ;

Thi .’ Tl- I’ c x pc - c ’ I ~‘:e - c~ r~ t - a.’ ci e’ c; I -r a - ~i 1 o me’ 4 - -

I h e ‘c -v I a c - uc - uco rd  t 0 Sp h’e’c l ’ i Y’ c- ic -~ cad i l

dl ffer’emie ’c’. Tim Is :!cc’a5un’ t’men~ 
1 : : d c - ~”p1

by fl o a t I c r -t ( Iso1: ~ Inm ~ by a , c - o w : - n  ¶ : c ! - e ’ I m - c ~’e’~

a c o l l e c t  I tic- Spht ’ ac a r i d  ccli e’-: I t  s I nt ~‘ ¶ I cm

w ith t he e’ xacc t cit I c-m i I h a t  cc p l c o  N’ ac i d  I ’ I l c i : - c e -n  I

W I l l  r e m ain  cit c ’ f lV  I roflment p-s t cr c 1 !:cl

tl’hc e’h ai ’~t l  mi g r o ck e t  e ’ xrcr  I u :mt -in t : m c c e ’si t ’o cr m ’

‘PEP’ S mc - i, i f l t  Oci 011 tWO ( 0 )  boo::m: ; . d i c e - i  ( I
boom was dc ’st gnmee l t o  u i ~’cisUi’.’ + ~0C v - s  cc i i  c - i:

the’ other + 500 volts.

0.~4. 1 Circuit Dc’scrIpt ion  Ar i d  -i ’a 1 1  I - i nc - r t I ours

The TEP e’lect ronics cons ist ~ci c-i f’:

(a) Preampli t’ier

(h) Chield D r I v e  A m p i l  l ’ l e ’a

~ rec to DC ~‘ouiv or’t or’

( d )  1 m ’ l e n r e t rv  A n ’m~- l  I f ’I

— a - i —

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~- - - -~~~~~-
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Draw ing D—~ 0c- Is cc ccchemat I c  of’ t h e

TEF elect rout c.; - The a n ’ .-c n ’r c -~ I I  !‘ier  w c c c c

de ’c c I gned ar ound a h igh  I ‘~ -c -da nc t -i
- i t - i , ’ l - c i t  I oum :i 1 cc-na I I ft en’ m acmu f ’ :i c Ut’c-ci is

.‘~.rrc m l o t Pc -vt cc-cc . The I ~m r-c m cc - c- I fe-c -el

back  yes ic -c I Or ’s ci I f t ’e c-cd f o r ’  .-c rc h o f ’

he’ four (14 p~-- si - i,-s -

Ph . ’ 1 W O c, 0 ‘
~ c-u t e’n c-r c-he-is cm l :c- i -i had cm

res 1st or r el ay  c I re-ui I t ea ’ ‘~m a n m t I n m - t
:m :’a- 1 It ’! c-n ’ ctcI I nc ccc ~ cm fare - I - i ’c- of  “c- ei - i ’ -

The g a i n  ~‘h ci~i ,t.’ c- i I c-w.-d !i’~ c - c it ci sec ic c o as

on each  I-c - c - n m c- meac - cu r ’e  t- i t - i i I~ volt :cg.- i c c

to + 1000 v o l t  cc wit hc-u~ c ’xe. -i .-i d iri - 

c-i e ”nt ’ t c-v l i m i t  s of !m e ’ c- - it - : cm :na 1 1 l ie’ ~~ -

Ph .’ request. fe-i ’  an e’xt - ccidc-d m ’: c nm :t.- as

a functIon c-f’ ‘node was “ r c m d c  a f t  , -ir l’cih n~ ‘ :i t  o r :

• had s t a r t  ee l .  A e ’onmp n ’c: ;: I sc’ I i i  t i . -i r - - i c -~
fo i ’n an~’.-i wa s cm -t ic - - ic -el i r c - c -~r I ic - i  c- ri 1 v

I c - c - i d  t h e  c c e - n m c c o r ’ s  o L i v e -  ci + 1000

volt c-ante hut no t  he’ sIc old dc - i Vc

aniplit’ ’~-i — c - .

To reach + 1000 volt cc wi  h t h-i - sh I old

dr ive c-c -all ft ,-ic’s woul d re-Cu Ire’ new

amplifier de’sI -t nm acid h i ,thea’  v o L  cmi ”.’

power s u p p l i e s .

The shield d r i v e  amp l If I ci’ was d c - I  v o n - n
t ’ronm t he out  pu t  of’ t he nsc -ccm c-r ’l 1 ft Or ’ c -n d
provided a v o l t  age ’ I hc m t - I r :i-,’k ed I ic - i-

1’ 1 l a m er - I  acid sc - i h.-i c--i

-~~~ ~~~~~~~~~~~~~~ -— _ _ _ _  ,~~~~~-
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l i c e  c c tile ’I d ‘ -- i r s 151 .‘d c - f  c~ i c-ac’- :; Wi

whi ch wc-s miS e ’ei 1 0 s c n - p -  - :‘ ‘  - h - i ’ c c - i - r e - a ’ .; -

1 h e - c hi c ’ le t was is Ic - cc c--,1 c - n t - - -c ml I,) v~’It

cce~tat I ye w i !c r e ’ sl’cc 1 ‘ 0 1 h -  - ‘ l i - - ’ -  cc

I L i t  t’-- cI cc sl.on c fm- or -c 1 :-i~ d I cl ”c , -i r-

c- t h.’ 1: 1 1 -1 w ~u I ci not - - ‘c::  : ‘ - Ice -

c-e’c; l cc t - ‘c-cc :m c c - i l t ’sm , -i’aIn sc-Ic’ ’ : 1 - i --i c c w - ’ j - -

:‘:cmncc t ’ac ra -i -~t by VI - i’ - r e - i r r  1 r c ~- . ~~i y ~~~c Y ? \

110’ - c - r i - i t  -, c c m ’ .- sc - i l  e’c ’ t  n t  ‘ -: ‘ I ii. ’ 1 ;  \‘ e l  n~ 1- ~ - -

co .’ l’t~’ i - S  I en t  of  Ve - c ~ I ccl an~’c-

Th e - DC I c -  PC 0 n v ’r ’ l  .a’ S c , : : - -~~ Lc ’ c - - - c . -i

o I h.- I u r i c t c - c t ,~n m t’ I l i t - cc:  : cc I y ;‘- .~~

01 Isol c cl i -c c I x ’ : m r c c c t ’-s c ’ : ’ c - r : c  ‘~~‘ m n - il

Ph .’ Isola: 10:: ti ’c-mnsf -’: S w- -:’ cct:’ c-—

liv wound s- t bar t h e ’ I :-aa- idcmn: c .’ t ’” -i - ’ -

w i _ r i d  1 m m - i t  c- w i n d  I ri ’: w on  let -ia, ccc: ‘ I l i - i -
input 1c- :-etan: ’e 01’ t h o  ; - : ‘ c - c -:,c-c I I I ’ ¶ c -I ’ .

The i n p u t .  c-.’cc I s t  c-i’ of  I he’ ~C C \~C-i I ‘ cu ca ii
- - 10 , -
‘ x IC ohms aria L’c’ I I n - ’ — CC ‘cc-

canp i  I t’I. ’t ’ :; I c; 1 -~~‘ 
ohc ac - ~~ c rcs

aci d P we -ii’ e’ i n c - c c - id t o  ‘ I y e- , c r r  I cc -i e’ci —
‘4 -

I 1- ia :  -i - i :’ heat I ¶ic ~ e’IIY’I’C’Tii c c - ca - i l ie ’d 1 - i ’ t he-

ti ic - int ’ r - n t ,u:_I ec- ‘~V0 a-s  ci c-or :  1’~ ’:’ f o t ’

cm b r ’ok e ’ni OP O c - e’~~ t ’I 1 c-r:. - m c t

‘l’he pos t  c-c-p l I t ’ I o r ’ c-~ c rc c . d fo r ’  .‘ c i e ’h l i T  cm :’ .’

shown c ; c h c ’t ’ c c m t I ‘al l v  on Pb’a;clrc - -’ -i’~~~c’c-

I 1~ , c u d  11 
• c l l e ’ parc- i ci 11 rica :’

mapl l t’I c m - cc w i t h - i  c- I rcu Ii ta I n:s c - i’ +i ,’, ‘ - i ,

+ C .  ~
-
‘ • ar-c d +0. h vol t s p- -i’ v o l t  . The ’

o u t  ~-iut max icc-un sw 1 t i c - c c  c - I’ t he sic-al I f I
are + ~ -i volt cc - l I m e ’ c-c’ I ’o c c - - i  , H 1 ¶ c c - t I  cc
a t  + , ‘~ v ol  1 c c  i t - c , P 1 In: I t : ; at + 0 .  0
vol  ts  In  a c i c i  I T , l I - in 1 1 c c  : i  I C \‘o if c - c

In ( l i m o  1 1:: It 01 ’ 1 h e -i p r ’ c c i : ’ cn I I Cl c-c-

L 

-i~
’-i

~~~~~ ~~~
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Pc- I c - I  A I cc w I n c - - i-il I o c-c- I n: t P , a-is I. cc ’
F t o F , and p c - I r r I  -2’ o F . I ’ , , P r
n c - I  I ’ crc-c - i d e - r e t  I - ic c 1 cm -cr - i I: ’ I c - i r ’ :; c - i  t i n

- — a I r i s  - - C  — 0 _ c- v o l  ~ c-; c- .~ c - c ’s-i ’ and w I :b

cm ~~~ - 
c v - i- i ’ - - c c ’ cc - c  I so r ’o c- f C c  Cl  - ~h - i  -

; c - ’ c ; c m  I n  I c r c -  c o : c t - i  I c rc - m t i c - rn :a -v I Ic-cc I b ra e-
- 

- :~c - i ’ 5 c ’c-~ , c ve -lv I ,I I I cc - ” - c ’ c-c - -c- 1 0 ~~~~
- l - ” a- i ’ ‘

c - - i, I I c-V c c c ’ cccl c - b c mc:’: e- 1 c - m i c c  isa 1 1 o sj -a ’ - - -

c l  I o I c c - - c i t  , cli 1 - I1c - e ’t-i c - c - c - au nt cc

cm + -
- 

- ~ vo  i t  c - c  ~ ¶~ h + C - vo I I  cc c - c :
0 1’ I i - i  :- c-. - c r ”c: - , I I -i - I - -, c m : c - i c - cc c - c cir

C c - ni l :~ cccl c -i , ci’ ‘ c ’n ’O  \‘ -S] cc , ‘1 c c: + C . -C

vo  I I c-c c c - c - il I 
- - 

c c l  + -
‘ . V -i -i I - c- c -

Cci 11 is ca t I c - - c :‘ - c ’ I I c - t ’ ‘l i- P ‘ c~ w c c c - c  c - ca  I ’o i ’’-

c m:  A , I I - el c- n c -  t ! c - e ’l I - c ‘ c c -  r c ‘ o C -
. 1 c - ’it’ I 

- -‘

It: c I c’ c-c f c-c w.’r’ .-i ‘c-r c - J r cc: - - el I : :  a h e i  I 1 c 1n

c - h i  c - I c -  c- c -n c .- i V : l c  nc r  c-el : - - :lt-~- c - :: 10 1 a’:’ .

-\ :c c mcnxl Iis -~:’v I I  l:m: ’ :e -r: : c - nrc - it :cc-Oc -er ’ , c - b l o t:

c - r ’  -i c on : :  :‘s 1 I - e l  isv cx  I - ‘ c- cc - cm I a c-c--i -i - i : ’

c - c c - c - I ’  ‘c-~ , c-ocr v r r I  e ’c- - \‘e - i I ’ 1 - n e  dc-c- ; c~ - d - i -cr-c - -’.’

‘ ‘ c - c ’  c - c - c -c- c c , - i n c c c- r’ c - i c - ’ ’ : c - c ’ - A c - c  1
:e -i ‘- r c’- a m :

c c- .  ~~~~~~ c 1’ Icr I t i e ’ :‘ c c - i c c c - c -c ‘ n

c i  t’occ ¶ : I v. -i et I Pc ’S I I cmi 1 0 -
- 

- C VO II cc

he - ‘cc: c - c c ’, of 11 , cc c c c l  c - c c - c u  c - - i l  c -I  -
- 

- ‘ m-c -

cc - I I ci -toes 1 cs sc - c --s v-is i f  cc • c - r i d  P h
1 0 + , ‘ - ~ vol 1 cc - A l  + I C  Vc II c-c I i i ,

I - 

~- , 
. c c-el U , c-c’.’ c-cat c - ma c - m t c--il crud l

~c- 
‘ i c c - c t

t’ c - i ccc - hc’c-c C c - nil scal e~ o ’’ c c - - i cc - c c - i f c~~_
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- c - c-p c-site m cI -l ar Il y i r c - - c - ct c - c c c - ic - c c -~c - tho - s m :

t a s u c c e s s  iv e l y  sa t  u r c c t e  cc:  + 5 . 0  -‘ u i - c-c

f o r  — 0. 0 v o l t s , — .0 v o l ’ s . a n : — m  — 10 ‘ c u l t s
respec t I v e l y .

-Th add itional Icc -c l was -cr’ l ’: m’: - - i  I C 5c - ~

i _ f  any  arob i  ems oc cu r  w m - a  a c - c’c ’ iIc - :c:. - c-c

is used c - o  rep las ’s-i ar -n o l d  c-a’ c ’ s - - c - c m sea - -

It Is n e c e s s ary  to  ~ r c- Ic c- c c - c - c -  lfl cc --t 5

t akes C- ’r’ a new f I l a m en t t o  c - - c - - c -  c

emisst on because of ti c - c’ c’ -sla: I ‘cc-I”

short I ic-c- of C i i - : h t  o t -i t h e -  c - c - I c - c - - c -  - A

t y p i c a l  t - ’st r e s u l t  ap t ’ s - c - c - i ’:; c - ic - ~
‘cis 1- -

- i l ,  5 m t  e r — S e g m e n t -  Fl — P o l a r  An .p l i _ f i r’

The I c - I  ei ’ —~~- ’gc-en: F t — P  s i c - m r An~a1 I :‘l e : ’  c - c s

used : o rnea c - c-ere t h e  a c -t e n t  i c m l  d i  f t ’ei ’er cccs

b e t w e e n  a re lc i t i v - ’ i-s lc c m ’ - c- Cc- iIc ’Ct icc - c’ ac- ’c- :i

and t he  main  p a y  load b o d y  - Th c -  : a ’c c -v c -r v

p a r a c h ut e  h o u s l  n i t  wa , c m; c - c e’d c - nc ;  I I c - - i  c o l l e c t  —

i ng ac- -i -a , i n su l a :  c-el l ’I’ -i ’:’ . : he I - c Iv i c-ad isv

means  of c- c c - c - c - o l d  m i s - c -  c - i :oxv • l c - e ,c c - I c c -  -

The hi  c-h i m p e d a n c e  v - i - it  ‘cc -el c - i s  c - c s I c - - i’ c m :  I C I cc
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TABLE 1. Positive Ion Beam System
Characteristics

~~ECtRI CAL

1. Ion beam current, M 0.3 to 2.0

2. Ion beam ener&r, cv 1000 and 2000

3. Input voltage, V 24 to 32

4. Input power, w
a. Ma3dmum startup 50
b. Beam o f l m A and l kV 25
c. Beam o f 2 m A snd 2 kV 45

-
, d. Fu.ll beam and biased 60

neutralizer

5. Discharge current , mA 30 to 200

6. Discharge voltage, V 25 to 35

7. Cathode power, V 0 to 25

8. Keeper power, W 2

9. Neutralizer heater power, W 0 to 8

10. Neutralizer bias voltage, V 0 to 1000

U. Accelerator voltage, V -150 to -300

12. Expellant latching val ve , A/V/mS
a. Opening 1.0/23/50
b. Closing 0.1/28/50

IW~A ~ND ~ I4MAND

1. Co~~ande
a. Number Up to 29
b. Voltage level, V 29

2. Analog Outputs (Te1ei~ try )
a. Number Up to 18
b. Voltage range, V O to 5

PHYSICAL

1. Weight , kg (lb ) 7.3 (16.0)

2. Size , cm 49 x 23 x 13
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TABLE 2. Positive Ion Beam System 
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TABLE 3. Positive Ion Beam System
Analog Output s (Te1en~ try ) and
Actual Value For Full Scale (5 v)

Channel Description Actual Value ti~r 5 V- 
- No. Output , + 5%

1 Beam current 2 5  mA (÷ 2%)

2 Beam voltage 2500 V

3 Discharge current 250 mA

4 Discharge voltage 50 V

5 Keeper current 250 mA

6 Keeper high voltage 1000 V

7 Keeper low voltage 50 V

8 Cathode heater current 5 A
a

9 Aced current 2.5 mA
a

10 Dcccl current 2.5 mA

11 Neutralizer heater current 5 A

12 Neutralizer bias voltage 1000 V
b

13 Neutralizer emission 2 . 5  mA ( -i. 10%)
b

14 SPI BS net current 2.5 mA (+ 10%)

15 Tank pressure 1500 psia

16 power processor temperature See ca.lib curve

17 PPA AC in’verter current 1.5 A

18 PPA AC inver ter voltage 50 V

a
~o indicate anomolous condition

b
In th ree ranc~es: 2 .5 to 2c uA ; 25 uA to 250 uA ; 25O uA to 2.5 mA
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TABLE 6. Mode Counter And Mode Sigeal
Generator Outputs

Count 6 4 2 1 Only
B B B B Output
3 2 1 o High

0 0 0 0 0 M
1

1 0 0 0 1 M
2

2 0 0 1 0 M
3

3 0 0 1 1
14

0 1 0 0 M
5

5 0 1 0 1 M
6

-~~~ 6 1 0 0 0 M
7

7 1 0 0 1 M
S

8 1 0 1 0 M
9

9 1 0 1 3. M
10

10 1 1 0 0 M
11

11 1 1 0 1 M
12

B Used To Enable U and Disable U and Vice-Versa
3 6 7

B
~
, B1

, B
2 

Are weighted in Binary Fashion
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TABLE 12.

New Fi1a~ent Phi scion Teat (July 20 , 1977)
AF~L Bell Jar
Used 500 4 As A Paver Source
Collector Biased At +50 V

TIME F~L #1 YIL #2

5 SEC 4 u A  2O uA

15 “ lie “ 214

30 “ 22 “ 27 “

145 ~‘ 30 “ 31 •~

6o •‘ 314 “ 35 ‘

9() “ 14() ‘~

120 “ 1414 “ 1414

3 MIN 149 “ 149

r f l
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TABLE 13. I nter-Se gment Bipolar Voltmeter
Preantp Calibr ation

Fast Mode Lav Impedance

~1n

10 1 01e 6o 6.26

20 2.08 70 7.30

30 3.12 80 8.35

leO 14.17 90 9.141

50 5.21 100 10 147

High Voltage Mode

Em E0~t E1~ t

+ 100 +.99 -.99 ÷ 600 +5.96 -5 97

-.- 200 +1.99 -1.99 ± 700 +6.96 -6.97

+ 300 +2.98 -2.98 + 800 +7.95 -7. ~7

f 14~~ +3.97 -3.98 + 900 +8.95 -8.98

+ 500 +14.97 -14 98 +1000 +9.95

June i6, 1977
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TABLE 15. Peak Detectors - Output vs. Input

Input (Volts) Output (Volta)

Positive Negative

+10.0 5-00 0.0

+8.0 14 02 0.0

+6.0 3.05 0 0

-414.0 2o6 0.0

+2.0 1.0]. 0 0

0.0 0.0 +0.2

-2.0 0.0 0.99

0.0 197

-6.0 0.0 2 .97

-8.0 0.0 3.95

-10.0 0.0 14.95
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