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I.O M.A,CHINE ORC"ANIZATION

An overa l l  v iev  o f  the

The componcn l  cornp l  ement  i s

GPS AMIOG COlNTUTER

GPS ana log

a s  f o l l o r v s :

P A G E ' I

contro l  console rvh ich

a n d  t h e  -  5 U V  R E F .  s u p p l y .

c o m p u t € r  i s  g i v e n  i n  F i g u r e  l . l

1 2

t 2

48 (MAX)

2 (5 SEGIENT)

20

2

2

2

4

I

I

o

o

8

I

BCU INTEGRATORS

BCU SUM,ERS

COEFFICIENT ?OTS

VDI'G

GENERA], PURPOSE SUIfi'IERS

MULT IPl,IERS/DIVlDERS

L]MITERS

DEArJ ZoNE/HYSTERBSlS

FIRST ORDER LAG

SAMPLE & HOI,D

LOGIC CONIROL L'NIT

COI@ARATORS

ELECTRONIC SWITCHES

RNI,AY SWITC}IES

NOISE UNIT

.  The problern so lut ion is  contro l led f rom the

c o n t a i n s  t h e  d i s p l a y  s c o p e ,  t h e  i r a s t e r  g e n e r a t o r ,
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T h e  i n d i v j d u a l  c o n , p o n e n t s  a r e  h o u s e d  i n  s l i d e  o u t  t r a y s ;  e a c h  t r a y

conta ins one type of  co put ing e lement .  The comparatot  t ray,  for  example,

conta ins s ix  conparato l :s .  Each Sample & l lo ld  t ray conta ins four  Sampl .e &

Hold uni ts .  In  the upper  le f t  hancl  corner  of  each t ray there is  a name-

plate which ident i f ies the type of  comput ing component .s  to  be found in

L h a t  t r a y  a n d  a  n u m b e r  t o  d i s t i n g u i s h  b e t v e e n  t r a y s  c o n t a i n i n g  t h c  s a m e  t y p e

of  comporrents,  Each uni t  wi th in a t ray is  ident i f ied by a le t ter ,  Thus

each comput ing conponent  has a unique idenLi f icat . io l l .

As i l - lust ratec l  in  F igure l . l ,  the GPS Analog Corrputer  conta ins tno basic

Comput ing Uni ts  (BCU) each of  which conta ins s lx  BCU integrators,  s ix

BCU summers and a maximum of  24 coef f ic ient  pots.  The pots are la id  out

in  4 rorn 's  each conta in ing 6 pots,  and at ie  labeled 1 ' through 
24.  The

f i rs t  6  pots,  whi ih  are located d i rect ly  above the BCU integrators,  serve

a dual  purpose.  They can serve as regular  coef f ic ient  pots or  can be

u s e d  t o  s e t  t h e  i n i t i a l  c o n d i t i o n  o n  t h e  i n t e g r a t o r  d i r e c t l y  b e l o w .

To fac i l i ta te patching each 3CU conta ins 30 hor izonta l  t runk l ines

labeled l -1  through 1,30.  These t runk l ines terrn inate a long the s ides

of  the BCU uni t .  There are 12 ver t ica l .  t runk l ines labeled J l  through

Jl2 which terminate just  below the -oUT of  the in tegrators and just

above the O1.llI of the surnmers. There are trvo trunk lines MLI & ML2

r. ih ich tern inate on both BCU sr i i tch panels  and on the master  generator .

T h e s e  t r u n k s  f a c i l i t a t e  p a t c h i n g  t o  t h e  d i s p L a y  s c o p e .  T h e  B C U  s w i t c h

panels a lso conta in jacks supply ing the T50V.ruF supply  vo l tage.
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A n  a m p l i f i c r  j s  r c g a r d e d  a s  b c i n g  o v e r l o a d e d .  L / h e n  j t s  o u l p u L  v o l t a g e

exceeds 55  vo l ts .  An over load ind ica t ion  is  p rov ided fo r  each BCU

in tegra tor  and each BCU sunmer .  These over l .oad ind ica l -o r :s  a re  loca ted

' i  r - h ^  f ^ n  ^ f  r h 6  P n r r  ' ' r a y .  A l l  o t h e r  a m p l i f i e r s  h a v e  t h e i r  O . L .

i n d i c a t o r s  m o u n t e d  o n  t h e i r  r e s p e c t j v e  t r a y s .  S o m e  c o m p o n e n L s  c o n t a i n

more  chan one O.L .  ind ica tor ,  because they  conta in  more  than one

a m P l i f i e r ' .  D a c h  a n r p 1 i f i e r  i n  L h e  u n i t  i s  p r o v i d e d  w i t h  a n  O . L .  i n t l j c a t o r .

A  conponent  hav ing  mul t ip le  over load ind icaLors  i s  regarded as  be ing

o v e r l o a d e d  w h e n  a t  l e a s t  o n e  0 . L .  i n d i c a t o r  i s  1 i t .

I.I START UP PROCEDUREIK

1) Turn on Lhe ind iv idual  power swi tches for  each regulated supply ,

the reference suppl ies and the osc i l loscope power supp1,y.

z )  r o w e r  r s  s u p p r r e d  t o  a l l  f i l a m e n t s  a n d  p o \ . . i e r  s u p p l i e s  b y

depressing the I ' ILAMENT START but ton on the power contro l  t rays.

3)  On each poiver  contro l  un i t  there is  a ready l ight .  P late power

cannot  be appl ied unt i l  the ready l ight  is  on,  When star t ing the computer

for  the f i rs t  t ime in  che day there should be a warm-up per iod of  30

minutes.  l {ake sure the in tensi ty  contro l  on the d isp lay scope is  turned

al l  the way down (CCW) dur ing th is  warm up per iod.

* C h 2  & 3  s h o u l d  b e  r e a d  b e f o r e  r e a d i n g  t h e  s L a r t  u p  p r o c e d u r e .
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4)  Depress the PT,ATE START but i ,ons on the power contro l  t rays,

5)  Each conponent  has i ts  own p late por , rer  sr , r i tch located on i ts

respect ive t ray.  The componenirs  !o  be used may nov be act j ,vated.

6)  Adjust  the por"cr  suppl ies for  Lhe correct  outpuE voLtage

s t a r r j n g  r v j t h  t h e  p o v e r  c o n t r o l .  s u p p l i c s ,  ( R E F L R  T 0  F l  G T J R E  l . l  F O R

THE I-OCATION 0F TllE POI,IER SU??LIES). Using the screrv driver adjust-

nent ,  set  the suppl ies on the po\ , /er  contxol  t ray to  + i00 VOLTS. Set

the vol tage on the 300V suppl ies d i rect1y belorv the power contro l  t ray td

+ 3 0 0  V O L T S .  U s e  t h e  a p p ] . o p r i a t e  s c r e w d r j v e r  a d j u s t  p o t s .  P a c c h  t h e  o u ! -

*  + . - - -  + . ^ ^ . .p u t s  o f  t h e  r e g u l a t e d  s u p p l i e s  ( l  l 5 V  r e f e r e n c e ,  :  l 5 V  r e g u l a t c d ,  -  l 0 0 V

regulated)  to  IN}DIR for  scope d isp lay.  Using Che cal ibrator  l ine as a

reference,  set  these .s t lpp l ies to- the correct  vo l tage.
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GPS ANALOG COI{PUTER

2,O DISPLAY SCOPE

T h e  d i s p l a y  s c o p e  i s  a  s i n g l e  c h a n n e l  I 7 r r  c a t h o d e  r a y  o s c i l l o s c o p e .

I t  is  used as an X-Y p lot ter  for  p lot t ing one problem var iab le against

another  or  for  p lot t ing one problem var iab le vs a ca l ibrated t ime sweep

from the master  generator .

2.1 FI]'IJCTION OF CONTROLS

VERTICAL
AXlS

v0Lrs/rN

MULTIPI,IER

Step at tenuator  prov id ing an oFF posi t ion and

s c n s i t i v j t j e s  o f  l 0 , l , . 1 , , 0 1  V O L 1 S / I N  r , r i t h  t h e

yoke s\ , / i tch in  ser ies and,20,2, .2r .02 VOITS/ IN

v i t h  t h e  y o k e  s w i t c h  i n  p a r a 1 l e 1

C a l i b r a t e d  p o E c n E i o n e t e r  p r o v i d i n g  a  ' 1 0  
t o  I

a t t e n u a t j o n  o f  t h e  s t e p  a t t e n u a t o r  s e t t i n g

A d j u s t s  t h e  v e r t i c a l  p o s i t i o n  o f  t h e  t r a c e .

This  jack prov ides a d i rect  connect ion to Lhe

ver t ica l  a l tenuator .

This  swi tch is  located just  above the def lect ion

yoke.  In  the ser ies connect ion the ver t ica l

s e n s i t i v i t y  i s  t h a L  s e l e c t e d  o n  t h e  a t t e n u a t o r .

In  the para l1el  posi t ion the sensi t iv i t ies

a r e  d e c r e a s e d  b y  a  t a c t o r  o f  t w o .

VERTICAL
POSITION

DC INI'UT

YOKE SWITCH
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Step at tenuaLor rvh ich prov ides a sweep posi t ion;

a n  o f f  p o s i t i o n ,  a n d  s e n s i t i v i t i e s  o f

1 n  t  1  n r  r r / T \ rr v r r r r t r r v r  v / r r r .

C a l i b r a t e d  p o r e n t i o n e E c c  p r o v i d i n g  a  l 0  t o  I

a t t e n u a t i o n  o f  L h e  s E e p  a t t e n u a t o r  s e t t i n g .

A d j u s t s  t h e  h o r i z o n t a l  p o s i t i o n  o f  t h e  t r a c e .

Prov ides a d i rect  connect ion to the hor izonta l

1 ' n n r l f  a t -  f  a n , r t f  ^ r

MULTlPL]ER

TIORlZOl{IAl,
POSITION

DC INPUT

IIOENSITY

FOCUS

Z AXIS

z
AXTS cont ro l  s  the  t race  in teDs i ty ,

focuses  the  t race

p r o v i d e s  a  c o n n e c E j o n  t o  t h e  g r i d  o f  t h e  C R T

fot Z axLs modulat ion.

The in te rna l  sweep is  no t  used.  Se lec t  OFF on

the  MS/ IN swi tch .

2 .2 OPERATOR IIAII{IAIMNCE

Before us ing the scope the opexator  should balance lhe hor izonta l  and

v e r L i c a l  a n p l i f i e r s  a s  f o l L o w s :  S e l e c t . o F F  o n  b o t h  t h e  v e r t i c a l  a n d

hor izonta l  scale se lector  s \ , r ' i tches.  Set  the DC BAL.  (Screw-dr iver  adjust

on f ront  panel )  so that  no spot  sh i f t  occurs as the ver t ica l  and hor izonta l

m u l t i p l i e r  c o n t r o l s  a r e  r o t a t e d .
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GPS ANALOG CO}IPUTNR

3.O MASTER GEMRATOR

The

s upp l  ies

1 )

J )

4)

> )

6)

master  genera tor  i s  the  cont ro l  cen ter  fo r  the  GpS computer .  I t

a l l  t h e  s y n c h r o n i z i n g  s i g n a l s  n e c e s s a r y  f o r  o p e r a L i o n  a s  l i s t e d :

The MG detern ines  the  so lu t ion  repet l t ion  ra te  (REp.  MTE)

The t ime dura t ion  o f  the  prob len

The genera t ion  o f  a  s tep  or  pu lse  fo rc iog  func t ion

The sweep vo l tage fo r  t the  d isp lay  scope X ax is

The t ime do ts  &  in tens iLy  s igna l  fo r  the  scope Z  ax is

Prov ides  c lamped inputs  fo r  s igna ls  wh ich  are  d isp layed on

both  the  X and Y axes .

The ca l ib ra ted  vo l tage fo r  ampl iLude measurements o n  b o t h  a x e s .

3 , l

REP

FUNCTION OF COI,]TROLs

RATE This contro l  determines the number of  so lut ions per  second.

The rate is  conr inuousl .y  var iab le f rom l5/SEC (cCtnr)  t "  OO/Sec

(CW) .  For  synchronized operat ion Lhe repet i t ion f requency

r n u s t  b e  a  s u b m u l t i p l e  o f  i 2 0 .  T h i s  c o n t r o l  i s  a d j u s t e d  f o r

no hor izonta l  t ' i i t ter t t  o f  the scope d isp lay at  the approx imate

rep.  rate desi red.  The opt imum set t ing is  the center  beLween

the maximum and min imum lock in  set t ings for  any par t icu lar

r e P .  r a t e .
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GATE WIDTH

PULSE WIDTH

TIME DEI,AY

TIME DOT
INTENSiTY

PAGE 10

Determi .nes the problem disp lay t i t re  (Ehe lengLh of  the

o p e r a t e  t i m e ) .  T h i s  c o n t r o l  i s  a d j u s t a b l e  f r o m  l 8  t o  1 5 0  T . U .

( t i n c  u n i t s ) ,  A  T . U .  L s  1 / 3 0 1 4  s e c o n d s .  T h e  g a l e  \ r i d r h  i s

re lated to the rep.  rate by

GArE wrDrH r- oFF rrME = i#.;oru

The of f  L ime should be at  leasL 20 rnsec.

Determines the t ime durat ion of  the step or  pu1,se as selected

by the function selector switch (CCW minimuri, CW max imum) .

When us ing.  a s tep forc ing funct ion adjust  the step \ . i id th to

be as long as the gate wid lh.

Delays Lhe staf t  o f  the step or  pulse wi th respect  to  the

star t  o f  the gate;  i t  r ra l lows t ime for  everyth ing to get

s E a r t e d r t .  T h j s  c o n t r o l  i s  u s u a l l y  a d j u s t e d  f o r  t h e  s t e p  t o

star t  a t  the 4th t i rn ing dot  rvh ich then becomes t=o.

This  contro l  ad justs  the br ighLness of  the t iming dots

re lat ive to  the br ightness of  the t race.



I

o

PAGE ].1
' :

Detern ines  the  ! in ie  in te rva l  be t r , reen the  br igh t

I  i m i n -  d n t s .  T h i c  . n n r r ^ 1  i c  r r q r : 1 i w  e r i i , r c r o r l  f 6 s

a br ight  dot  every 5th t ine dot  over  the ent i re

c r r p  I . r  ' d i  h  l l t h a r  l n r a y v a l s  f r o r n  2  t o  7  c a n  b e

a d j u s t e d .  A d j u s t m e n t  c a n  b e  f a c i l . i L a t e d  b y

patch ing  the  NEG.  INTENSITY in to  the  INI  -DIR o f  the

m a s t e r  S e n e r a t o r .  A d j u s t  t h e  c o n t r o l s  f o r  a

d i s p l a y  a n d  o b s e r v e  t h a t  t h e  r e p e t i E i o n  r a t e  o f  t h e

h r ' i o h t  r l n r  i c  . ^ r F 6 . f

BRIGHT DOT TIMING

SWEEP SPEED

-1 0

-20

-30

-40

4 t
t l
t l
f------\BRrcHT Dor

Determines  the  s lope o f  the  sweep vo l tage.  (The

sweep vo l tage is  a  ra rnp)  .  The func t ion  o f  th is

cont ro l  i s  s im i la r  to  tha t  o f  the  hor izon ta l .  ga in

c o n l r o - l .  T o  p r e v e n t  X - Y  c r o s s  c o u p l i n g ,  t h e  s c o p e

ga in  shou ld  be  se t  to  the  ur in imun poss ib le  va lue ,

e s p e c i a l l y  t h e  u u l t i p l i e r  c o n t r o l ,  a n d  a d j u s t n l e n t

o f  the  sNeep d isp l .ay  shou l .d  be  made l r i th  the  swee.

s p e e d  c o n i r o l  .



TRIG I'IODE

MAX VOLTS

CALIBRATOR

INPUT SELECTOR

PAC.]E ].2

D e t e r m i n e s  l - h e  s o u r c e  o f  t h e  t i r n i n g  s i g n a l s  e i t h e r

i n t e r n a l  o r  e x t e r n a l . .  T h e  c x t e r n a j .  p o s i E i o n  i s

u s e d  w h e n  t v o  G P S  c o n p u t e r s  a r e  i n t e r c o n n e c t e d .

T h e  t r i g g e r  s r o d c  s h o u l . d  b e  k c p t  i n  t h e  i n t e r n a l

pos  i t  ion  .

Determines the scale factor  for  the cal . ibrator

v o l t a g e  s e t t  j n g ,

A d j u s t a b l e  I 0  L u r n  p o L c n L i o m c t e r  u s e d  L o  s e l e c t

t h e  d e s i r e d  c a l i b r a t e d  v o l t a g e  o u L p u t .  V o l L a g e s

a r e  a d j u s E a b l e  f r o m  0 - ] 0  V D C  &  0 - l  0 O  V D C .

Connecl -s  the IN1 ,  1N2 & INl  -DIR jacks through

coupl ing & MSR c i rcu iLs to  the SCOPE out .put  jack.

The hor izonta l .  se lector  has a SWEEP posi t ion to

- - ^ , , :  l ^
P r u v  r u s

POSlTION

IN] -CAL ?atches the s ignal  on the INI  jack to the

SCO?E output  jack through a c lamp c i rcu i t .

T h e  c a l i b r a t o r  l i n e  o n  t h e  h o r i z o n t a l  a x i s

is  d isp layed a l ternate ly  i f  the IN oUT

swi tch is  IN,  The ver t ica l  ca l ibrator  l ine

i s  d i s p l a y e d  a l t e r n a L e l y  h / i t h  t h e  i n p u t

when the IN OUT SCALE TfiO svitch is IN and

the IN OUT switch is OlIt.



IN OUT

SCA],E TWO
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IN2-CAI, T h i s  p o s i t i o n  s e l e c t s  t l r e  i n p u t  o n  j a c k

IN2 for  d isp lay.  The caLibrator  L ine

can be made to alternate wi-Lh the solu-

tion in Lhe saine rvay as for jack INl .

A l ternate ly  d isp lays the c larnped s ignals

on INI and IN2 if the IN 0tl'I SCALE TWo is

I N 1 - I N 2

IN and rhe IN oUT srvirch is OUT.

INI-DIR CAI ?arches the inpur  on the INI-DIR jack ro

the SCoPE output  jack.  This  posi t ion is

used to zero balance the conputer amili-

f iers .  The caLibrate l ine can a lso be

made Lo alternate with the input si_gnal.

The IN & OUT positions determine how Lhe caLibrator

L ine a l ternates wi th the problem solut ion.  SCAIE

TWo d.etermines rvhether the forcing function (the

*50V step frorn the MG or * 50V regulared reference)

is  appl ied dur ing each operate t ime or  dur ing a l ter -

nate operate times. This permits a comparisoa of

the problem solut ion wi th and wi thouL exc i ta t ion.

The SCALE TWO position is usually used Lo observe

the noise l"eve1 in the problem and to check on in-

l p o 1 . 4  t s ^ r  r a c o t



PLATE POTER ON/OTF

FIJNCTION SELECTOR

CAL. LINE
Pos/oFr/Ntrc

MSL

RXP RATE 25/60

JACKS

..L
:  5OV STEP

INTENSITY POS

SCOPE (RIGHT S IDE)

SCOPE (LEFT SIDE)
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Appl ies p late por , rer  to  the I l .G.

S e l e c t s  a  s t e p  o r  p u l s e  f  o r c  i L - r g  f u n c t i o n .

D e t e r m i n e s  w h e t h e r  t h e  c a l i b r a t e  l . i n e  w i l . l  b e  p o s i t i v e ,

n e g a t  i v e  o r  o f f ,

C o a r s e  s e l e c t o r  f o r  t h e  s w e e p  s p e e d .  p o s i t i o n  L  i s

t h e  l o n g e s t ,  i n  p o s i l i o n  M  t h e  s r v e e p  s p e e d  i s

a p p r o x i m a t c l y  t w i c e  t h e  s p e e d  o f  p o s i t j o n  L  a n d

posi t ion S is  approx imate ly  t \ , / ice as fasL as posi -

t i o n  M .

Determines the maximum repet i t ion rate for  the

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

Wi th the sre i tch in  the 25 posi t ion the rep rate can

b e  v a r i e d  f r o r n  1 5  t o  2 5  r p s ,  I n  t h e  6 0  p o s i t i o n  t h e

r e p  r a t e  c a n  b e  v a r i e d  f r o m  3 0  t o  6 0 : r p s .

.!
T h e s e  j a c k s  p r o v i d e  l 5 0 V  s t e p  o r  p u l s e  a s  s e l e c t e d

by the funct ion selector  swi tch.  This  output  should

b e  c o n n e c t e d  t o  a  p o t  f o r  a m p l i t u d e  c o n t r o l  s i n c e

t h e  o u t p u t  v o l t a g e  i s  n o L  r e g u l a t e d .

Prov ides Z ax is  modulat ion for  the d isp lay scope.

X ax is  output  f rom the M.G. This  jack should be

p a t c h e d  t o ' t h e  D C  h o r i z o n t a l  i n p u t  o n  t h e  d i s p l a y

s c o p e .

Y ax is

patched

s c o p e  o

outpr l t  f rom the  M.  G.

to  the  DC ve  r t  i ca  1

Th is  jack  shou ld  be

input  on  the  d  i s  p  lay



INl  ,  IN2

INI -DIR
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I n p u t s  j a c k s  f o r  s i g r a l s  t o  b e  d i s p l a y e d .

DirecL cor . rp led input .  This  input  is  used to balance

INITIAL SETTING

CGW (minimum)
CW (maximum)
CEIMERED

. CW (maxirnum)
0uI
OUT
ShEEP CAL

.  the ampl i f iers .

MLl , ML2 Trunk i-ines from Lhe BCU switch panels.

3, 2 OIJEP,ATING PROCEDUPG

The MG should be patched to thc d isp lay scope by patching the le fL

SCoPE jack to the verL ica l  arnpl i f ier  DC input ,  the r ight  scope jack to the

horizonlal arnplifier DC input and the ?OS INTENSITY to the scope Z MIS.

A seope d isp lay can be obta ined by set t ing the contro ls  as fo l lows:

CONTRO],

REP RATE
GATE WIDTII
SWEE? SPEED
TIME DOT ITENSITY
IN OUT
IN OUI SCALE TWO
IIORIZOMA], INPUT SEI,ECTOR

Adjust  the d isp lay scope contro ls  to  obta in a sr reep across the ent i re

screen.  Once the sweep is  obLained,  the MG can be adjusted.

1) Adjust the SI{EEP S?EED and the display scope horizontal arnpl,ifier

as expLained in  the funct ion of  contro ls  sect ion (SecEion 3. I )

2) Adjust the RE? RATE for a synchronized display aL the Lowest

possib le rep raLe (CCW).  Synchronizat ion is  character ized by

no r rorrzonLar  I  i t ter .

i l

4 )

Adjust TIME DOT INTENSITY for easy viewing.

Adjust the BRIGHT DoT TIIIII 'IG for the desired

the entiTe gate r,rid th.

repet i l ion rate over
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5)  Patch the MG STE? into INI  -DIR and d isp lay the wavefonn on the

scope.  Adjusf  the TI I 'G I IEL{Y so that  the step star ts  on the th i rd

or  four th t in ing dot .

6 )  A d j u s t  t h e  g a t e  w i d t h  f o r  t h e  d e s i r e d  d i s p l a y  t i m e .

7 )  A d j u s t  t h e  s w e e p  s p e e d  f o r  t h e  d e s i r e d  s r r e e p  d i s p l a y .

8)  I f  the Mc step forc ing funct ion is  to  be used,  ac l just  the pULSE

WIDTH so that  the step is  as wide as the gate,

9)  Adjust  the REP RATE for  the desi red value.

l 0 )  P a t c h  t h e  s i g n a l s  t o  b e  d i s p l a y e d  i n t o  t h e  a p p r o p r i a t e  j a c k s .

o
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GPS AMLOG COIIPUTER

4.O BCU INTEGRATOR

a r e  l o c a t e d  o n  t h e  B C U  t r a y s  j u s E  b e l o \ . r  t h e  f i r s ti  L r L E S r d  L u r  -

row o f  po ts .  A  typ ica l  in tegra tor  pa tchboard  layout  i s  shown in  F IGURE 4 .2

t o g e t h e r  w i l h  a s s o c i a t e d  I . C .  p o t  a n d  a  s i m p l i f i e d  s c h e m a t i c  i s  p r e s e n t e d

i n  F I G U R I  4 . l  .

E a c h  B C U  i n E e g r a E o r  h a s  a  f i x e d  R C  o f  3 0 1  4 .

,OUT

-OUT
-OUT

{OUT
.rour

F IGIJRE 4.'I

Before us ing the BCU

integrators as fo 1 lows :

j a c k  o n  t h e  M C ,  ( v e r t i c a l

.1V/ IN.  Adj  us E rhe -ZERO

adjustment  for  the *ZERo

ready for  op erat  io  n.

GPS INTEGRATOR SCIIEI.{ATIC

integrator  the operator  must  zero balance the

PaEch the in tegrator  -oUT to the IN1-DIR input

i n p u t ) .  S e t  t h e  d i s p l a y  s c o p e  s e n s i t i v i t y  t o

pot  for  zero vol ts  output .  Repeat  th is

pot  us ing the *Ot ] ' I  jack.  The in tegrator  is  now
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o
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n,^nO,eO
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7Eta, +

o

U

l l

l )

( )

lrr rA

/ \

6 r r  / \ o r
\:Z

I

t l

zeF'-

S

t l

GPS INTEGMTOR PATCHBOAR.D LAYOUT

FIGIJRE 4.2
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4.1 SETTING AN INITIAL CONDITION

Although the reference vol tage for  the computer  is  50 vol ts ,  the

maximum value of  the in i t ia l  condi t ion is  6 vo1ts.  I f  the in i t ia l

c o n d i t i o n  i s  z e r o ,  n o  e x l e r n a l  p a t c h i n g  i s  r e q u i r e d .  F o r  a  n o n - z e r o

i n i t i a l  c o n d i t i o n ,  t h e  f o l l o i r i n g  p r o c e d u r e  n a y  b e  u s e d .  S e l e c t  I C  o n  t h e

NORIy ' IC sv iEch above the in tegratox.  patch the 1SO V StOp f rorn the MG

into the IN jack of  the I .C.  potent iometer .  Patch a red grounding p lug

into e i ther  in legrator  input  jack.  Moni tor  the in tegrator  output  on

f N l - D I R .  T w i d d l e  t h e  I . C .  p o t  u n t i l  t h e  d e s i r e d  I C  i s  s e L .  T h e  i n t e g r a t o r

is  reset  Lo zeto va lue dur ing the computer  r rof f r r  t ime.  The in i t ia l

condi t ion is  establ ished again at  the .beginning of  the ne4t  so l ,u t ion.



5.0 BCU SINOIERS

The BCU

F i g u r e  5 . 1

o f

tn

GPS ANA],OG COI,{PUTEP"

sufir-ners are located on the BCU

patchboard layout  of  a  typ ica l

and a s impl i f ied schemaLic is
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trays just  below the th i : :d  row

sumrner is shoivn pictor ia1ly

shown in FIGURE 5.2.

I  meg

GRID

-out

-ouc

-outl m e
I -**-{l\

200K

200K
- - ' . ' l t l l

l 0 0 K

Fi -g .  5 .2  GPS Summer  Schemat ic

T h e  o p e r a t o r  c h e c k s  t h e  s u m m e r  f o r  o p e r a t i o n  b V  d e o r e s s j n q  t h e  B A L

butcon and observ ing  tha t  the  0 .L .  ind ica tor  l igh ts  and ex t ingu ishes  when

the  bu t ton  is  re leased.  The summer  can be  zeroed by  re inov ing  a l l  inpu ts

and pa tch ing  the  OUT jack  to  IN I -DIR.  The ZERO pot  shou ld  be  ad jus ted  fo r

z e r o  v o l t s  o u t p u t  o n  t h e  . l V / I N  s c a l e .



PAGE 2I

t l o . F

_---_ 
o'rl 

-

t ,
\-/

8 A t
o

I J

t t t l
\--l \_./

o o
zaRo cRro

O o

5  l oc o

GPS SU1O4ER PATCIiBOARD IAYOUT

FIGURE 5 . 
'I



PAGE 22

G?S AMLOG COMPUTER

6.0 COEFFICIENT ?OTENTIOMETER

Each BCU conta ins 24 coef f ic ient  potent t iometers the f i rs t  s ix  having

dual  capabi l i ly  o f  operat ing in  the normal  mode or  set t ing the IC on

i n t e g r a t o r  d i r e c t l y  b e l o w .  E a c h  p o t  h a s  t h e  c o n f i S u r a t i o n  o f  F i g u r e

the

the

o . l

Figure  6 .1  GPS Poten t iometer  Schemat ic

NOTE:  The f i rs t  6  po ts  on1-y  have I  ou t .  jack .

A11 po ten t iomeLers  a re  ca l ib ra ted  fo r  b  100K4 load,

impedance o f  Lhe opera t iona l ,  ampl i f ie rs .  The accuracy  is

v i s u a l  s e t t i n g ,  H i g h e r  a c c u r a c y  c a n  b e  o b t a i n e d  b y  u s i n g

l i n e  o f  t h e  d i s p l a y  s c o p e  a s  a  r e f e r e n c e .

-f . )7, ror a

the  ca  l  ib  ra  to r
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GPS ANALOG COMPUTER

GENERAL PURPOSE SU}OIERS

The GPS has 5 t rays of  genera l  purpose sunrners,  4

s c h e m a t i c  i s  s h o n n  i n  F i g .  7 . 1 .  T h e s e  s u m m e r s  s h o u l d  b e

procedure used for  the BCU summers.

Fig.  7 .1 General  Purpose Summer Schemat ic

PAGE 23

i n  a r n h  t r e r r

ba lanced us  ing

The

the
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GPS ANALOG COM?UTER

8.0 SAITPLE AND HOLD

A typ ica l  Sample  and l lo ld  pa tchboard  layout  i s  shovn in  F ig .  8 .1 .

The GPS compuLer has 8 such units each having Lhe follolving operational

c a p a b i l  i t i e s .

l .  T rack  the  va lue  o f  a  var iab le  inpuE vo l tage on  command and ho ld

the instantaneous value of the signal being tracked when the conmand is

removed.  The he ld  va lue  is  p resented  as  a  cons tan t  ou tpu t  vo l tage.  On

the next command the Sanple and Hold \t i11 again track the input signal.

The held value may be read out continuously or on command,

2. The Sarnple and HoLd may be used as an integraLor lr i lh any one of

5  sens i t i v i t ies .  The Sample  and Ho ld  can be  conananded to  rese t  o r  i t  can

in tegra te  cont inuous ly  unL i l  i l s  ampl i f ie r  over loac ls .

ccr. lr . lAlJD q iTE O L

qtG-O S C A L E

l 0  l o oO:a:"
Tf,ACR IN

a) a)
\_-/ \_-/

3 0 4

t 0 a 0 qAre ou'rPv-i

o--o
A)

l r ,J f  IAl
I

t l

o 0 T P u l

H
. l

rn  @r r r

O i'j

\lt,

FI]AB IE qf, iE

ANDGPS SAMPLE HOI,D PATCUBOARD LA.YOUT

F I G U R E  8 . 1
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Sanrple and Hold can be used as a double pole,  s ing le throrv

swi  tch .

CONTROl,S

A p p l i e s  p l a E e  a n d  b i a s  p o t c n t i a J s .

Mode selector  swi tch.  When used as a Sanple and Ho1d,  the

TI I  pos i t ion aLlows the uni l  to  t rack and hold on command,  l lT

selects hold and track on conmand. Idhen the Sarnple and Hold

is  to  be used as an in tegrator  se lect  the HT mode.  The TH

posi t ion is  used to manuaLly reset  the in tegrator .

Posi t ion A is  se lected to use the device as an e lect ronic

, l ^ , , h ' l ^  - ^ l ^  . i n a 1 6  F h F o \ V  s t r i t c h .  h h e n  u s a d  a s  a n  i n E e g r a t o r ,

p o s i t i o n s  1  t o  i 0 0 0  s e l e c t  t h e  i n t e g r a L o r  s e n s i t i v i t y .  h r h c n

used as a sample and hold)posi t ions 1 to  1000 ind icate the

track ing speed and the hold ing abi l i ty  of  the c i rcu i t .

POSTTION sWI:lClllNG SPEED (-50\r to +50t/) UE_94! _

_ ) .

e lec t ronic

8.1 PANEL

oN/oFF

TH /HT

SCALE
SELECTOR

0
0 0

3 0 0
1 0 0 0

25 msec
25 msec
250 p sec

100p,v/sec
I mv/ sec
10 rnv/,sec
30 rnv/ sec
1 0 0  m v / s e c

COIMAND
GATE 

.
The command gate has two funccions depending on Lhe rnode of

ope l ra t ion .  When used as  a  $ ,amPle  and Ho ld  a  h igh  input  (12-15

volts) causes the uniL to track \./hen the TH/HT si,ritch is in

the  HT pos i t ion  and to  ho ld  vhen in  the  T I l  pos i l ion .  t r lhen

use< l  as  an  in tegra tor  a  h ig l i  inpu t  s igna l  car rscs  the  in legra-

to r  to  rese t  to  i t s  in i t ia l  cond l r ion .

I - o g i c  i n p u t  w h j c h  p r e s e n t s  t h c  o u t p u t  v o l t a g e  a L  t h c  S a t e  o u l -

pu t  when the  enab le  ga te  i s  h igh  and zero  ou tpu t  when lhe  en-

ab le  ga te  i s  lo iv .

EILABLE
GATE



TMCK IN

INT IN

OUTPUT

olffPuI

The s ignal  to  be sarnpled and.held

IN. The Lwo TRACK IN inputs will

When used as an integrator the IC

IN and is minus the sum of the tr'r'o

Input for the device when used as
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is patched into the TRACK

sum at minus unity gain.

is patched into the TMCK

TRACK IN voltages.

an integrator. The two

inputs sum aL minus unity gain. With the TH/HT switch in

the HT position a signal is required aL the connnand gate in-

put to reset the inlegrator Lo its Lrack in val-ue. In the

TH position Lhe integrate and reset timing are reversed.

This jack also setves as a signal, input when used as an

elect ronic  swi tch.

The outpul voltage appears a! the gate ouLpul whenever the

^ ^ - L l ^  ^ - F ^ . i -  l - . i  ̂ 1 "! J  r r r S r r .

Cont inuous output  for  any mode of  operat ion.

8.2 OPEMTING PROCEDURE

The sanple and hoLd should be zero balanced for proper operation.

1. Turn the tff/fff: motte selector switch to the TH position.

2. Turn on the plate poirer and al-low 30 minutes warm-up.

3.  Set  the selector  s \ ' r i tch Lo 
. l00.

4.  Remove a l l  inpuls .

5.  ?a lch the oulP1ru ' to  INI-DIR for  scope d isp lay.

6.  Set  the toggle swi tch to the l1T posi t ion and adjust  BAL

for rninirnum drift.

7 .  Set  the toggle sn i tch to the Tl l  pos i t ion and adjust  the

f ine zero for  zero vol ts  output ,



SAMPLE
HOLD

AND
To use as a sarnple and hold, patch the

TMCK IN. ?atch the logic signal into
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input signals to the

Lhe CoMMAND GATE.

Se! the TH/IT to the desired position and the scale seleclor

to the desired sensitivity. The outpul is taken frorn either

the GATE oUTPut or the oUIPUI.

INTEGRATOR Set the TFI/HT switch to HT. Patch the input signal, to LNt IN

and the initial condition to TRACK IN (if other than zero).

Set  the sca1e selector  Lo the desi red in tegrator  sensi t iv i ty .

I f  the incegrator  is  to  reset  on command,  pacch the log ic

comrnand signaL into the conunand gate. The output is taken

from either the oUrPUT or the GATE oUTPUT. UnLike rhe BCU

integrators, the IC can be sel to any voltage betraeen *50

v o l t s .

SeL the scale seLector to position A and TH/tlT switch to IIt.

Parch Lhe N.o. input ro TMCK IN and the N.C. inpur ro II]T IN.

PaLch the switch coil (1ogic input) into the COIIMAND GATE.

The output is taken fron the oUT?UT jack. The N,0. & N.C.

contacts can be reversed by select ing the TH posi t ion.

ELECTRONIC
SWITCH

o
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9 . 0

GPS ANAIOG COMPUTER

EI,ECTRONIC MUI,TIPI,IERS

The GPS has two QSM nultipliers which

set  up to d iv ide.  A rnul t ip l ier  Patchboard

by appropr ia te

layout  is  g iven

patching

in I ' IG.

can be

9 . \

9-1 PANEL CONTROT-S

SELECTOR SWITCH The selector switch

the SELECTOR oUTPLTI jacks. Positions

s ignal  patched in to the corresponding

a r e  f o r  b a l a n c i n g  t h e  a m p l i f i e r s .

< a f - r , n  n r ^ .  a / l  | , 7 4

SELECTOR OUTPUT The selector jacks provide

by the se lee tor  svr i tch.

se l -ects  the s ignal  output  present  on

^  r  h I R  s e l e c t  t h e

i n p u t  j a c k s .  ? o s i t i o n s  I ,  2 ,  3  &  4

the divider

signal  output  de termined

. - . - -  / ^ - . .MULT/  DIV Selects  the mode of  operat ion.  The uni t  can be used to nul t iP ly

o r  d i v i d e .

+2xyf-2xy Selects  the input  output  re lat ionship.  In  the *2xy Posi t ion

the output  s ignal  is  p lus 2xy where.x & y are the inPuts s ignals  Patched

into f -  & f^ ;  -Zxy selects  minus 2xy where x & y are the input  s ignals .
L 2

The input  s ignals  are normal ly  patched in to f ,  & f r .

f l  DIR,  f2  DIR These input  jacks are used for  ca l ibrat ion and

OUTPUT The product  42xy is  presented at  the output  jacks.

l {UM t r \ rhe n set  up to d iv ide,  the numeraLor  input  is  patched in to the NlJ} ' l

j  ack.

The mul t ip l ier  can be zero balanced by us ing the fo l lowing procedure:
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Remove all inputs

C h e c k  a n d  a d j u s t  i f  n e c e s s a r y  t h e :  1 5  v o l t  r e f e r e n c e  s u p p l y .

Use Lhe metbod out l ine in  the starE-up

3)  Patch the selector  output  Lo l l { ]  -DIR on

4)  Se1ect  posi t ion I  and adjusE ZURo 1 for

5 )  R e p e a t  E h j s  p r o c e d u r e  f o r  p o s i t i o n s  2 ,

6)  Patch the c i rcu i t  shown below

procedure.

the MG for  scope d isp lay

z a r ^  r r ^ 1 t c  ^ , t i - b , , t

3 ,  &  4

+ 1 5  V

FROM
REGI'I,ATED
SUPPIY

DIVIDER O?EMTING PROCNDURE (REFER

l )  R e n o v e  a l  I  i n J ) u L s .  Z e T o

SCA],E FACTOR

+2XY POSITION

e . 2 )

ampl i , f ie rs  us ing  Ehe same

TO IN] -DIR

7) Select  f ,  DIR on the selector  srv i tch.  Using the cal ibrator  l - ine' l

as a reference,  carefu l ly  adjust  pot  23 for  * -5 vo l ts ,  Repeat  Lhis

procedure by select ing f2 DIR and adjust ing pot  24.

B)  Select  posi t ion 4.  The selector  output  vo l tage shoufd b e  5 0  v o 1 t s .

factox pot

to MULT. The output  vo l tage Ls *Ztr f ,  de-

2xyf -2xy toggle s i i i tch.  Note that  the in-

for a maximum value of 5 volts so that the

Since the input  impedance of  the mul t ip l iers

is  constant  i t  is  not  necessary to  dr ive then wi th operat ional  ampl i f iers .

Using the cal ibrator  l ine as a reference,  set  rhe scale

s o  E h a t  E h i s  v o l t a g e  i s  4 5 0  v o l f s .

9.2 OPEMTINC PROCEDURE

MUITIPLIER OPEMTING PA.OCEDURE Patch the s ignal  s  to  be mul t ip l ied i r r to  f l

& f -. Set the I4ULT/DIV s\,' itch
I '

pending on the posi t ion of  the

put  vo l tages should be scaled

mul t ip l ier  wi l l  not  over  load.

TO FIG

the four

SE],ECTOR O

,itr oi; oumur

0oe l [1c t t , t r
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- ' ^ ^ - , r , , r -  . .  € ^ r  r  q ^  m u l t i p l i e r .

2)  Patch -15 V.  DC f rom the regulated suppl ,y  through a.1 at tenuator

J )

5)

6)

7 )

to f- DIR.
I

?atch +50 V.  REF through a pot  to  the above at tenuator .

Select  posi t ion ' l  on the selector  and *2xy on the toggle swi tch.

Patch the selector  output  to  the INI-DIR for  a d isp lay.

AdjusL the step inpuL pot  for  zero vol ts  out .

Apply  the feedback connect ion f rom the output  through a .1

n. lD

z
. .  . - . - -  / ^ .Select  DIV on the MULT/DIV srv i tch.

Select position 4 on the SEl,flGTOR swiEch and adjust zero 4 for

8)

q )

z e r o  v o l t s . o u t .

10) Patch the denominator input through

input  .

11) Patch the nunerator into NuM,

The scale factor  for  the above procedure is  50.  The output  vo l tage is

5 O NLTM-f f i : ,  The range of  the inpuL vol lages are

DEN -  -50 V to 0 NUM- -50 to +50 QUOTIENT is  -  -50 to +50 vol - ts

The scale factor  can be changed to 5 by patching the nurnbratdr  input

through a .1 at tenuator .  By removing the at tenuaLor in  the denominator

i h n f r t  t h o  < o q 1 o  F a e t n r  . a n  b e  r e d u c e d  t o  . 5 .  N o t e  t h a t  t h e  d e n o m i n a t o r

input  must  be negat ive.  Posi t ive denominators can be used i f  -2xy is

/
c a l o n r a l  n n  t h a  - f ? v w  / _ t - - . -  t s ^ ^ ^ ' l ^  ^ . , i + ^ L

/

a .1  a t tenuat6a  in lo  the  f ,
I
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GPS ANALOG CO}IPUTER

I O . O  L I M I T E R

The GPS has t \n 'o  var iab le l imi ters.  The input-outPut  per fornance is

negat ive gain adjustable syrnmetr ica l  l i rn i t  or  a  separate ly  adjustable

posi t ive and/or  negat ive l imi t .  The l imi ter  patchboard layout  is  shown

o

r r c  10 ,1 ,
PANEL CONTROLS
-LIM Adjusts  the

+IIM Adj us ts the

+SYM tIM Adj us ts

INPUTS For norrnal

input  vo l . tages sum

i f  t h e r e  i s  n o  D . C .

oUT?UT The output

r a c  n a -  l - i  a , 6  i a ^ l z c

' l ' h a  a . . n l i  f i a r  ^ ' l i  n r r i

equa l  to  the  sun o f  the

lSla1 LIM Set rhe -l-l,IM d. -LIM (CCW). Adjust

d e s i r e d  o u t p u t .

negat ive l in i  t

t h a  c r m m a f r i n r ' l  1 i  m i  I

operat ion,  the c lamped inputs should be used.  The

at  minus uni ty  gain.  The d i rect  inputs may be used

dr i f t  on the input  s ignal .

for the +LIM -LIM & + SYM LIM are taken from their

(AMP OUT) jacks provide an output voltage which is

i n p u t s  u i t h  a  m i n u s  u n i t y  g a i n .

as rvas  used fo r

enough in i  t ia  I

?atch the

the ca-librator

o

10.1 SETTING THE llMIT IEIELS

Z e r o  a d j u s t  t h e  a r n p l i f i c r  u s l n g  L h e  s a m e  p r o c e d u r e

general  purpose summers.  Apply  a ramp inPut  wi th a l -arge

condi t ion so that  the desi red l in i t  1eve1s are exceeded.

appropr ia te l imi t  output  to  the scoPe us ing IN ' ] 'DIR.  Use

l j n e  a s  a  r e f e r c n c e  v h e n  s e t L i n g  t h e  l j m i t s .

+I I I I  OR -LIM Set  *SYM I I I {  pot  (CCw).  Adjust  the appropr ia te l im pot  for

+ L ^  - r ^ ^ i  - ^ , 1  ^ . . F ^ . . t s

the SYM T,I14 pot for the
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+l,IM &. -lIM Both limits can be

CCW, and by adjusting the *l,IIt &

output is taken from the +LIM oUT.

A11 l imi ts  are adjustabi -e f rom 0 to *50 voLts.

PAGE 35

set  independent ly  by set t ing the SYM LIM

- l , IM for  the desi red l i rn i t  va l -ues.  The

o
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GPS ANA],OG COMPUTER

I1.O DEAD ZONE -  HYSTERESIS

The GPS has two dead zone-hysteres is  uni ts  (FIG 11.1) .  The input-

output  per formance is  e i ther  a negat ive gain symretr ica l  dead zone or

hysteres is  loop as seLected by the D.Z.  -  I fYST,  mode swi tch,

Select  DZ on the

the output  jack

scope d isp lay.

to INI-DIR. Adjust  ZERO 2

DEAD ZONE AIJUSTIGNT Construct a si-mple sinusoidal oscillalor using two

integrators and a fev pots.  Patch the output  of  the osc iL lator  to  the

clamped inpuL and to the INI-DIR (HORIZONTAL) jack. Patch the output to

INl -DIR (VERTICAL).  Adjust  the coarse & f ine pots for  the desi red DZ

output ,  Use the hor : izonta l  ca l ibrator  l ine as a reference.  The dead zone

i s  a d j u s t a b l e  f r o n  0  L o  4 0  v o l t s .

'| 
I.I oPEMTTNG PRoCEDUR.E: Remove

tro l  srn i tch.  Patch the tcst  jack

ZERo I  for  zero vol ts  out .  ?atch

fot  zero vol ts  out .

HYSTERESIS Select  HYST.

.  dead zone adjusLnent .  The

( - 5 0  v o l t s  t o  - F 5 0  v o l t s ) ,

and use the same procedure as \{as used for the

w i d t h  o f  t h e  h y s t e r e s i s  l o o p  i s  c o n s t a n t

T h e  h e i g h t  i s  a d j u s t a b l e  f r o m  l 0  t o  5 0  v o l t s .

- l  I  . ' - - . .  F  ^q r r  r [ P u L D .

to INI -DIR for

mode con-
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12.O I'IRST ORDER I,AG

A typ ica l  f i rs t  order

t h o  f ^ o o  i  a  < a 1 a . f ^ r
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GPS ANAIOG COMPUTER

l a g  ( F . 0 . 1 . )  i s  s h o w n  p i c t o r i a l l y  i n  F I G .  1 . 2 . 1 - .

in  posi t ion P the input-output  per formance iswi rh

-OUT - p

1 * . rP where P is the Laplace Transform variable & EIN is the
_IN

sttm of

input

L 2 . l

the input  vo l tages.

output  per formance is

OPERAT ING PROCEDURE

posi t ion 1 the

Turn the plate Pol,ier on and al1ow a 15 minute r4tarm-up' Select 1P

on the toggle se lector .  Patch Lhe OUT jack to the IN1-DIR for  a scoPe d isp lay '

Adjust  ZERO 2 for  zeto vo l ts  out .  Select  Posi t ion 1 on the toggle se lector

and adiust  ZERo 1 for  zero vol ts  out .  wi th  the lever  swi tch : ' -n  X 0.1

posi t ion T can be var ied f rom .01 to .2  seconds,  in  the X 1 posi t ion .1

to 2 seconds and in  the X10 Posi t ion f rom ' i  to  20 seconds.

with

n-OUT

Ehe toggle se lectox in

_ 1
1 *  r P- IN

o
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GPS ANALOG COMPUTER

I.3. O NOISE 1JNIT

The GPS noise uni t  is  shor , rn in  FIG,  13.1.  The noise uni ts  uses a gas

diode in  a magnet ic  f ie ld  as a random vol tage source.  The d is t r ibut ion of

ampl i tudes very c losely  approx imates the normal  probabi l i ty  d is t r ibut ion.

The porver  c lensi ty  sPectrum is  that  of  rvh i te  noise shaped by a f i rs t  order

f i l l e r .
2

T 6q- q
I + r-0-

I
n

1 ,  t h e  t i n e  c o n s t a n t  o f  t h e  s p e c t r u m r i s  a d - i u s t a b l e  o v e r  a  r a r r g e  o f . 0 1

to .4  GPS seconds.  At  the widest  band\ , r id th,  the outPul  aPPears to  be whi te

noise to any systen s inulated on the GPS. The r .oot  mean square of  the noise

i s  a d j u s t a b l e  f r o m  0  t o  6  v o l t s .

A large number of  random processes can be approx imated by passing whi te

noise through a f i rs t  order  f i l ter ,  This  capabi l i ty  is  bui l t  in to the noise

uni t .  For  a modi f icat ion of  the f requency character is t ics refer  to  the GPS

r h n l  i . , i i  n n  n ^ t a  2

The pane l  meter  on  the  no ise  un i t  can  be  used to  ind icaLe

mean va lue  o f  a  p rob lem var iab le  dur ing  the  conPuter  I 'onr r  t ime,

can a l -so  be  used to  o raasure  the  RMS va lue  o f  a  p rob lem var iab le

p r o c e s s  i s  G a u s s i a n .

MEAN VALUE To neasure  the  mean va lue  o f  a  var iab le  dur ing  the

cornputer  r ron t t  L ime,

1 )  S . e l e c t  P o s i t i o n  0 .  Z e r o  t h e

2)  Patch  the  s igna l  in to  IN1 or

o n  t h e  i n p u t  s e l e c t o r .

3 )  S e l e c t  p o s i L i o n  B .

direct ly  the

This meter

if the

r e l e r  o n  b o t h  t h e  X T O  &  X I  p o s i  t i o ; ) s .

I N 2  a n d  s e l e c t  t h e  a p p r o p r i a t e  P o s i t i o n
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GPS ANALOG COMPIIIER

I4.O VARIABI,E DIODE FUNCTION GENEMTORS (VDFG)

The GPS has t\ro five-segment \IDFG. FuncLion generator A accepts only

negat ive inputs and funct ion generator  B only  posi t ive.  A typ ica l  funct ion

generalor  patchboard la j roul  rs  shoivn in  F lG.  14.2.  A b locr< d iagram of  the

VDFG is  g iven in  FIG.  14.  r .

our
OUT
OUT
OUT
OUT

'I
2
3
4
5

GPS WFG SCI]E TIC

The IN DIR jack  can be  used fo r  inpu l  s igna ls  hav ing  no  DC dr i f t .  The

clamped inpul- jack is the one normally used. The AMP oUT jacks provide Lhe

input  var iab le  w i th  a  minus  un i ty  ga in  facEor .  The A l lP  -FG togg le  swi tch

se lec ts  the  mode o f  opera t ion  e i ther  an  inver t ing  ampl i f ie r  o r  a  VDFG,

l l

/1
I t

0 0 r 5

t l

'It

( )

l l

o

7 2

t l

o

1 l

t l

t l

l l

V""r

@

o o

F I G .  r 4 .  I

GPS ll]FG PATCHBOAP,.D I,AYOUT

SlIA?ING
NETWORK
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The AMP-FG swi tch should be kept  in  the AMP posi t ion when the VDFG

i s  n o t  b e i n g  u s e d .  T h e  r e a s o n  f o r  t h i s  i s  t o  p r e s e r v e  t h e  b i a s  b a t t e r i e s .

The OUT. i  =  l  . .5  jacks prov ide the output  vo l tage for  each l ine segment
a -

of  the  VDFG.  These ou tpu t  jacks  are  normal ly  pa tched to  a  genera l  purpose

sunner  inputs  jacks  ( i v i th  appropr iaEe ga ins)  so  tha t  the  var ious  segments

can be  added together  to  fo rm the  func t . ion .

A11 f i ve  segments  have s lopes  vh ich  are  cont inuous ly  var iab le  f rom

0  t o  l .  T h e  i n t e r c e p t s  a r e  c o n t i n u o u s l y  v a r i a b l e  i n  o v e r l a p p i n g  r a n g e s .

I}{IERCEPT

I 1
I 2
I 3
T 4

RANG.E

U  -  2 . 5  v o l t s
2 . 5  -  5 . 0  v o l t s
J . V  -  / . f  V O I T S

7 . 5  -  1 0 . 0  v o l t s
1 0 . 0  -  1 3  . 5  v o l t s

I 4 .I OPERATING PROCEDIJRE

Apply the p late power and a l low a 15 minute warm-up.  Patch the AMP

O U t  t o  t t l - n t n  . [ o r  a  s c o p e  d i s p l a y .  A d j u s t  t h e  z e r o  p o t  f o r  v o l t s  o u t .

P a t c h  t h e  O U I  .  i  =  1 . . , 5  i n f o  l h c  i n n r r f  i r c k c  n f  a  s u m m e r .  O b s e r v e  t h e
i

outpu t  o f  the  summer  on  INI  -DIR.  I t  i s  suggested  Lhat  each oUI  jack  be

patched in to  the  sunner  one a t  a  t ime.  The breakpo in t  and s l .ope o f  each

s e g m e n t  c a n  t h e n  b e  s e L  ! v i t h o u t  i n E e r a c t i o n  f r o m  t h e  o L h e r  s e g m e n f s .  T h j s

w i l l  a lso  he lp  the  user  to  se lec t  the  bes t  summer  input  ga ins  fo r  the

j n d j v i d u a l .  1 i  n e  s e g m e n t s .
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GPS ANAI.OG COM?UTER

]5 . 0 LoGIC C0NTI{01 TRAY

The log ic  cont ro l  t ray  (F IG.  15 . i )  i s  the  conLro l  cen ter  fo r  i te ra t i ve

opera t j -on .  Th is  t ray  supp l ies  the  necessary  hardware  to :

1 )  con t ro l  the  s ta r l ing  and s topp ing  o f  the  i te ra l i ve  ac t ion .

2)  Genera t ion  o f  L rack i -ng  ga tes  dur ing  the  comPuter  r ronr r  and r ro f f r l

t i m c .

.  3 )  Genera t ion  o f  an  ( i *1 ) th  ga t -e  pu lse  on  command.

/ , \  / r ^ - ^ , - r i ^ -  ^ €  .  F r F n . l f l . r  n r r l s p  f n r ^  f h . .  S & l l  u n i - t s .. , ) y u l . l - L l u l L l r u l

Reference to FIG.  i5 ,3 wi l -1  a id in  the undersLanding of  the var ious

output  rvavefor [ ]s  t l tc t  are avai lab le.

TRACKING GATES The logic controL Lray contains three complelely in-

depenclent  sets  of  t rack ing gates.  one such u[ i t  is  shown p i .c tora l ly  in

F I G U R H ' I 5 . 2 .

1 l

U
r(a)

t  , 1

T t  o 9  r
G-C'--O

l t ' c r T
\---_L;___-\)

FIGURE 15. 2 TRACKING GATE
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PAML CONIROLS The ON TII'IE/OFF T II'IE toggl e switch determines

q'hether  the t rack ing s ignals  s tar t  wi th  the computer  t tont t  t ime or  "of f "

t ime.  The Ti  ( i= l  ,2 ,3)  pulse,  which star ts  wi th computer  ON or  OFF t ime

as selected by the toggle srv i tch,  is  of  var iab l .e  vr id th (9 to  400 GPS

s e c o n d s ) .  T h e  T i r  p u l s e  s t a r t s  w i t h  t h e  t r a i l i n g  e d g e  o f  t h e  T i  p u l s e ,  a n d

i ts  width is  a lso adjustable f rom (9 to  400 G?S seconds) .  The output  is

t a k e n  f r o m  f h e  T i -  T i r  i a c k s .

conta ins  a  ga ted  osc i l laLor .  The ou tpu t

t r a i n  h a v i n g  a n  a d j u s t a b l e  f r e q u e n c y

the  mul t ip l ie r  and ca l ib ra ted  po l .

0  -  3  m s e c .  T h e  o s c i l l . a t o r  h a s  a n

ITERATIVE ; ACTION The i terat ive opera t  io  n

T h p  ' l o o i c  . n n t r o l  u n i L  a l s o

of  the  gaLed osc i l la to r  i s  a  pu lse

f r o m  3 0 l l z  L o  3 0  K H z  a s  s e l e c l e d  b y

The pu lse  i . r id th  i s  ad jus tab le  f rom

output  \ .nhen the  GATE IN is  h  igh .

- . r '  h 6  6 i  t - h - r  f  i v a ' l

In  the FIX pos i t ionor  var iab le as se lected by the FIX/VAR toggle swi tch.

p r e s e l  c o u n t e r  s e n d s  o u t  a  p u l s e  t o  r e s e t  t h e  m a s t e r  f 1 . i p  f l o p .  O n c e  t h e

master  f l ip  f lop is  reset  a l l  t rack ing gates and t in ing gates or ig inat ing

f rom the log ic  contro l  become zero.  In  the VAR posi t ion the master  f l ip

f lop rv i l l  conLinue to operate unt i l  the i lerat ive s top but ton is  depressed.

once the i terat ion procedure is  s topped i t  can be star ted e i ther  by depress-

ing the star t  but ton or  by xeceiv ing a h igh input  s ignal  in  the AUTO START

+ jack.  For  a f ixed number of  i terat ions the TO jack should be patched to

t h e  c o u n t e r  i n p u t  .  T h e  c o u n t e r  o u t p u t  s h o u l . d  b e  p a t c h e d  t o  t h e  + F R O M

C O 1 I N T E R  j a c k .  S e e  F I G .  1 5 . 1  f o r  t h e  l o c a t i o n  o f  t h e s e  j a c k s .
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T h e  l o g i c  c o n t r o l  t r a y  a l s o  p l o v i d e s  a  t r a n s f e r  g a i e  v h i c h  i s  a

5  n r s e c .  p u l s e  t h a t  s t a r E s  a t  t h e  c o r \ p u l e r  r r o f  f r r  E i m e .  A  t y p i c a l  u s e  f o r

a t ransfer  gate would be to t ransfer  a var iab le f rom one S&H to another

. l , , r i h d  i h ^  l r ^ l c f r r  l . j m a

The IIXED INTRODUCE provides a high output during the computer

t tont t  t ime and a lor , r  output  dur ing the I 'o f f r r  L j rnc.

The ( i+1) th outpr l t  prov ides a h igh output  dur ing the compuLer I 'on"

t i m e  w h e n e v e r  t h e  C 0 l ' 1 P  j a c k  b e c a m e  h i g h  d u r i n g  t h e  l a s t  p r o b l e n  c y c 1 e .

The log ic  contro l  a lso conLains one f l ip  f lop,  t r . ,7o nor  gates and one

nand gate.  These gates are separate f rom the log ic  s ignals  generated by

th is  t ray and srr i11 fuDct ion even though the i terat ion has stopped.

o
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16. O COMPARATORS

A typ ica l  comParator

F I c .  1 6 .  1

The comparator: has an

inputs  i s  g rea ter  fhan ze i :o

inputs  i s  less  Lhan zero .

GPS ANAT,OG COMPUTER

u n i t  i s  s h o w n  b e l o w  i n  F I G .  1 6 . 1 .

a ttpt

I N P U T
A A

o o

COMPARATOR PATCHBOARD I,AYOUT

output  of  zero volLs when Lhe sum of  i ts  analog

and an output  of  +12 vol ts  r , rhen the sum of  i ts

A 50 usec.  pulse is  a lso generated each t ime the

sum o f  the  input  vo lLages  becomes negat ive .  The mode ind ica tor  i l l umina tes

each t ime the  sum o f  the  ana log  inputs  goes  nega l ive .

I6 .  1  OPEMTINC PROCEDI ]R IJ

App ly  power  to  the  comPara tor  and a11ow 15 min .  wann-up.  Set  bo lh

ana log  inputs  Lo  zero  by  Patch ing  red  bo tL le  p lugs  in to  inPuts  A  & 3 ,  Set

the  BAL ad jusL  so  tha t  the  mode ind ica tor  jusL  ex t ingu ishes .  PaLch lhe

ana log  inpuLs  in to  input  jacks  A & B.  For  accuracy  the  inPuts  shou ld  be

f rom opera l l iona l  amp1 i f ie rs .  The compara tor  ou tpu t  can  e i ther  be  taken

from the oUTPUT or the PULSB OU'I' jacks.
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1 7 . 0

GPS ANALOG COMPUTBR

ELECTRONIC SWITCHES

A typ ica l  e lect ronic  swi tch is shown belorv in  FIG. 1 7 . 1

F I G .  1 7  . I  G P S

COIL INPUT The

ARM IN?UT ThE

N,C. ouT?l.r:f The

whe n

O D e  r a  t  i n e  P r o c e d u r e  P a t c h

input .  ?a tch  the  log ic  s igna l  and

ON
a).H

OFF

NO OI,]"IPUT

NC OUT?iN
H
ARTI IN?UT
o-C

COIL INPUT

ET,ECTRONIC SWITCH ?ATCITBOARD LAYOUT

logic  s ignal  is  paLched to the coi l

s ignal  to  be swi tched is  appl ied to

s ignal  on Lhe arm input  appears at

the CoIL INPUT is low.

i n p u t .

the arm input .

the N.C.  OUIPUI

N.0.  OUTPUT The s ignal  on the arm input  appears aL the N.O,  OUT?UT

\ ^ ' h e n  t h e  c o i l  i n p u l  i s  h i g h .

the  s igna l  to  be  swi tched in to  the  arm

t h e  d e s i r e d  o u t p r l t .  F o r  b e s t  r e s u l t s

the  arm input  shou ld  be  f rom an opera t iona l  ampl i f ie r

o
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GPS ANALOG COMPUTER

18. O MISCELTANEOUS EQUIPMENT

1) Each BCU has an e ighL posi t ion selector  swi tch.  thg duat  inPuts are

labeled 51 thru S8.  The dual  output  jacks are labeled SCO?E. This

srr r i tch is  normal ly  used to se lect  s ignals  for  scope d isp lby.

2)  The brown swi tchcraf t  boxes are t iepoints .  They can prov ide any

jack on the compuLer \^Iith two inPuts. Some of these boxes have been

modi f ied.and have res isLors,  capaci tors or  d iodes in  ser ies wi th the

common output  lead.  The contents of  the modi f ied boxes is  c lear ly  marked.

3)  The red phone jacks are ground p lugs.

4)  The sta in less s teel  jacks are used to patch t rvo Fatchcords '

toge ther .

5)  The gray boxes are at tenualors having a s .umming junct ion inpul ,

The output  is  the sum of  the inputs l imes the marked at tenual - ion.  . I  and

.2 at tenuators are avai lab le.  Each at tenuator  has 3 input  jacks.

O
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G?S AMLOG COMPUTER

19.0 OPERATIONAL NOTES

The basic  uni t  o f  t ime for  the cPS computer  is  lho14 second,  or

.  l -  .  t^a p p r o x j m a L e l y  l / 3  m s e c .  B y  d e f i n i t i o n  I  G P S  s e c o n d  e q u a l s  l / 3  m s e c .  r e a .

t ime.  The L iming dots are generated by the MG every 2 GPS seconds,  They

are equal ly  spaced and are independent  of  the sweep l inear i ty  of  the

' d i s p l a y  
s c o p e  .

.  
Some care should be exerc i .sed when patching the reference suppl ies

to the probfem set  up.  Patch to Lhe reference supply  last  s ince the

patch-cords shor t  to  ground when they are inser ted in to the jacks.

. PROGRAMMING SYI'{BOLS

POTENTIO}GTER

AMPLIFIER

A 1 f i ) B
\_./

A input
B output
N  c o m p o n e n t d e s c r i p t j o n

c
I
D
N

inpuLs
input  gains
ouEput
c o m p o n e n t  d e s c r i p t i o n

Il{IEGRATOR

A inpuL
I . C .  i n i t i a l .  c o n d  i t  i o n
n  i  n r T a r l  a / l  ^ , 1 t n ' ! f

C out  put
N component  descr ip t i -on

c_



DEAD ZONE

HYSTIR.ESIS

TRUNK

NOISE UNIT

FIINCTION GENEMTOI{

B
tr
N

B
.tL
T
N

A

B
N
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input
output
dead zone (max va lue)
d e s c r i p t i o n  o f  c o m p o n e n t

input
output
n a e l t  a f  h w c f a r a c  i  c  ^ 1 ^ +

descr ip t ion  o f  compone n t

descr ip t ion  o f  compone n t

s e t t i n g  o f  T

input

d e s c r i p t i o n of  conponent



MULTIPIIER

DIVIDER

SA}4PLE & HOLD

EIECTRONIC SWITCH

A ,  D
B ,  C

E
N

c  lamped input
r l i r o n t  i  n n , , t

output
component  descr ipL ion

denominator
numeratol
d , 1 ^ l - i o n f  f n l r n r r t )

component  de  scr  ip t  ion

i  n t  p o i t  r ^ 1 .  ' i  n n l l -

L r d e N  r r r  r r L P  u  L
^ ^ - . . - -  - - 1  . :  - - , .  +

Sate output
output
enable input
c o l a a l - n r  e a l  f i n o

descr ip t i -on  o f  component

A
B

\I

B

D
E
F
#
N

B
c
D
N

A

o
N . 0 .  o u t  p u t
l\I a
! ! o v .  v u L P u L

d e s c r i p t i o n

input

o f  component
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inputs
p u l s e  o u  t p u t
output
descr : ip t ion of  component

inputs
+LIM out
-LIM out
+LIM out
impl i f ier  out
+1,IlI seLting
-LIM set t ing
d e s c r i p t i o n  o f  c o m p o n e n t

D

D
\1

AND

LIMITER

F " 0 . L .

A ,  B
c
D
E
F
1ft

t2
N

B

N

outpul  n  i th

o u t p u t  w i t h

d e s c r i p t i o n

t rans fer  func t  ion

t rans fer  funct  ion

^ f  ^  ^ h n ^  n o  ' r  t -

'I +-r P'I

l f i r


