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1. GP-6 OPERATING PROCEDURES 

1.0 CONNECTION OF EXTERNAL READOUT INSTRUMENTS 

The GP-6 f u n c t i o n s i n t h e slow t i m e and/or h i g h speed r e p e t i t i v e o p e r a t i o n modes. 
Slow t i m e o u t p u t s a r e n o r m a l l y r e c o r d e d w i t h an XY p l o t t e r ; r e p e t i t i v e o p e r a t i o n 
o u t p u t s are n o r m a l l y d i s p l a y e d w i t h a n o s c i l l o s c o p e h a v i n g D C h o r i z o n t a l and v e r t i 
c a l i n p u t s . Slow t i m e o u t p u t s a l s o may be r e c o r d e d w i t h a s t r i p c h a r t r e c o r d e r ; 
r e p e t i t i v e o p e r a t i o n o u t p u t s a l s o may b e d i s p l a y e d w i t h a n o s c i l l o s c o p e h a v i n g a 
DC v e r t i c a l i n p u t and an i n t e r n a l t i m e base w i t h an e x t e r n a l t r i g g e r . 

I t i s n o t e d t h a t t h e GP-6 i s f u r n i s h e d w i t h v a r i o u s o p t i o n s t h a t must b e c o n s i d e r e d 
f o r c o n n e c t i o n and c a l i b r a t i o n o f r e a d o u t i n s t r u m e n t s . 

1 . Slow t i m e o n l y (no i n t e r n a l t i m e base.) 
2 . Slow t i m e o n l y ( i n t e r n a l t i m e base p r o v i d e d . ) 
3 . H i g h speed r e p e t i t i v e o p e r a t i o n o n l y ( i n t e r n a l t i m e base p r o v i d e d . ) 
4 . Slow t i m e and r e p e t i t i v e o p e r a t i o n ( i n t e r n a l slow and h i g h speed 

t i m e bases p r o v i d e d . ) 

Rear t e r m i n a l s on the GP-6 o f f e r c o n v e n i e n t c o n n e c t i o n s to t h e X and Y i n p u t s of 
t h e p l o t t e r and/or o s c i l l o s c o p e . The t h r e e c o n n e c t i o n s a re shown i n F i g . 1-1 
and l i s t e d below: 

1. Common ground. 
2. "Y OUTPUT" t o t h e p l o t t e r and/or o s c i l l o s c o p e Y ( v e r t i c a l ) i n p u t , 
3. "X OUTPUT" t o t h e p l o t t e r and/or o s c i l l o s c o p e X ( h o r i z o n t a l ) i n p u t . 

I f the o s c i l l o s c o p e ' s i n t e r n a l t i m e base and e x t e r n a l t r i g g e r i s t o b e used f o r 
d i s p l a y o f r e p e t i t i v e s o l u t i o n s , t h e e x t e r n a l t r i g g e r i n p u t s h o u l d b e c o n n e c t e d t o 
t he "OP OUTPUT" r e a r t e r m i n a l . The OP Out p u t mode c o n t r o l l o g i c i s a c o n v e n i e n t 
t r i g g e r f o r r e p e t i t i v e o u t p u t s . 

1.1 CALIBRATION OF READOUT INSTRUMENTS 

The r e a d o u t p l o t t e r o r o s c i l l o s c o p e i s c a l i b r a t e d so t h a t t h e f u l l s c a l e h o r i z o n t a l 
and v e r t i c a l axes e x t e n d between t h e computer's n e g a t i v e and p o s i t i v e r e f e r e n c e 
(minus t o p l u s t e n v o l t s ) as shown i n F i g . 1-2. 

X AXIS 

P o s i t i v e f u l l s c a l e p o s i t i o n 
C e n t e r p o s i t i o n 
N e g a t i v e f u l l s c a l e p o s i t i o n 

F i g u r e 1-2 
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The f o l l o w i n g are p r o c e d u r e s f o r i n p u t s c a l i n g a d j u s t m e n t s : 

1. P o s i t i o n t h e Mode S e l e c t o r s w i t c h t o "OPR." 
2. Depress t h e "1C" mode c o n t r o l push b u t t o n . 
3. P o s i t i o n b o t h t h e "Y/POT ADDRESS" and "X ADDRESS" s w i t c h e s t o "GND." 
4. A d j u s t t h e p l o t t e r o r o s c i l l o s c o p e Y and X zero c o n t r o l s u n t i l t h e 

p l o t t e r ' s pen o r o s c i l l o s c o p e ' s d o t i s i n t h e g r a p h o r d i s p l a y c e n t e r 
p o s i t i o n a s shown i n F i g . 1-2. 

5. P o s i t i o n t h e "Y/POT ADDRESS" and "X ADDRESS" s w i t c h e s t o "-REF." 
6 . A d j u s t t h e p l o t t e r o r o s c i l l o s c o p e Y and X s c a l e c o n t r o l s u n t i l t h e 

p l o t t e r ' s pen o r o s c i l l o s c o p e ' s d o t i s i n t h e graph o r d i s p l a y n e g a t i v e 
f u l l s c a l e p o s i t i o n as shown i n F i g . 1-2. 

7. P o s i t i o n t h e "Y/POT ADDRESS" and "X ADDRESS" s w i t c h e s t o "+REF." 
8. Check t h e pen o r d o t . I t s h o u l d be i n t h e p o s i t i v e f u l l s c a l e p o s i t i o n . 
9 . Repeat t h e above p r o c e d u r e s i f n e c e s s a r y . 

The r e a d o u t i n s t r u m e n t s a r e c a l i b r a t e d to p r e s e n t e i t h e r Y vs Time or Y vs X c u r v e s 
depending on t h e p o s i t i o n s of t h e Y and X address s w i t c h e s . A m p l i f i e r o u t p u t s ap
pear as v a r i a b l e s t h a t f u n c t i o n w i t h i n t h e i r f u l l s c a l e n e g a t i v e and p o s i t i v e opera
t i n g r a n g e s . The t i m e base i s p r e s e n t e d so t h a t t h e n e g a t i v e f u l l s c a l e c o - o r d i n a t e 
i s a zero t i m e c o n d i t i o n and t h e p o s i t i v e f u l l s c a l e c o - o r d i n a t e i s t h e compute t i m e 
p e r i o d . Time c o - o r d i n a t e s , t h e r e f o r e , depend o n t h e o p e r a t o r ' s c h o i c e o f a t i m e 
p e r i o d t h a t i s a d j u s t a b l e w i t h i n a range o f 1 0 t o 100 computer t i m e s c a l e d seconds. 

I f t h e o s c i l l o s c o p e i n t e r n a l t i m e base i s t o b e used f o r t h e r e p e t i t i v e d i s p l a y , 
t h e h i g h speed t i m e s c a l e r a t i o o f 400:1 must be c o n s i d e r e d . One computer t i m e 
s c a l e d second i s e q u a l t o 2.5 m i l l i s e c o n d s o f r e a l t i m e . 

1.2 SETTING COEFFICIENT POTENTIOMETERS 

C o e f f i c i e n t s a r e s e t i n a p o t e n t i o m e t e r s e t t i n g mode w i t h t h e i n t e r n a l r e a d o u t meter 
t h a t i s e i t h e r a d i g i t a l v o l t m e t e r o r n u l l m e t e r depending o n t h e o p t i o n t h a t i s 
f u r n i s h e d . Procedures f o r s e t t i n g c o e f f i c i e n t p o t e n t i o m e t e r s a r e l i s t e d a s f o l l o w s : 

1 . C o e f f i c i e n t s are s e t a f t e r a l l p a t c h i n g i s c o m p l e t e d . ( I t i s n o t e d t h a t 
when used as n o r m a l a t t e n u a t o r s t h e b o t t o m ends of p o t e n t i o m e t e r s 7 and 
8 must be p a t c h e d to g r o u n d . ) 

2. P o s i t i o n t h e "MODE SELECTOR" s w i t c h t o "POT SET." 
3. P o s i t i o n t h e "Y/POT ADDRESS" s w i t c h t o t h e number o f t h e p o t e n t i o m e t e r 

t o be s e t . 
4a Where t h e d i g i t a l v o l t m e t e r i s employed t h e c o e f f i c i e n t v a l u e i s d i s 

p l a y e d . A d j u s t t h e p o t e n t i o m e t e r u n t i l t h e d e s i r e d s e t t i n g i s observed. 
4b Where t h e n u l l meter i s employed t h e p o t e n t i o m e t e r must be n u l l e d 

a g a i n s t a p r e s e t p o t e n t i a l . P r i o r t o s e t t i n g t h e c o e f f i c i e n t p o t e n t i o 
m e t e r a d j u s t t h e n u l l p o t e n t i o m e t e r u n t i l t h e c a l i b r a t e d d i a l shows t h e 
d e s i r e d c o e f f i c i e n t v a l u e . P l a c e t h e a d j a c e n t t o g g l e s w i t c h i n t h e u p 
p o s i t i o n . A d j u s t t h e c o e f f i c i e n t p o t e n t i o m e t e r u n t i l t h e n u l l meter 
n e e d l e i s i n a n u l l ( c e n t e r ) p o s i t i o n . 

1.3 SETTING THE COMPUTE TIME PERIOD 

The Compute Time P e r i o d i s t h e f u l l s c a l e X a x i s c o - o r d i n a t e f o r response c u r v e s 
p roduced by t h e XY p l o t t e r o r d i s p l a y e d on t h e o s c i l l o s c o p e when t h e computer's 
i n t e r n a l t i m e base i s employed. 

P r o c e dures f o r s e t t i n g t h e Compute Time P e r i o d a r e as f o l l o w s : ( N o t e - o n l y u n i t s 
f u r n i s h e d w i t h t h e i n t e r n a l t i m e base have t h e Compute Time P e r i o d s e t t i n g f e a t u r e . ) 

1. P o s i t i o n t h e "MODE SELECTOR" s w i t c h t o "POT SET." 
2. P o s i t i o n t h e "Y/POT ADDRESS" s w i t c h t o "GND/X." 
3. P o s i t i o n t h e X ADDRESS" s w i t c h t o "CTP." 
4a Where t h e d i g i t a l r e a d o u t i s employed, t h e d i s p l a y shows CTP/100 com

p u t e r t i m e s c a l e d seconds. A d j u s t t h e "COMPUTE TIME" c o n t r o l u n t i l 
t h e d e s i r e d Compute Time P e r i o d i s o b s e r v e d . 

4b Where t h e n u l l meter i s employed, f i r s t s e t t h e n u l l p o t e n t i o m e t e r t o 
th e d e s i r e d CTP/100 v a l u e . P l a c e t h e a d j a c e n t t o g g l e s w i t c h i n t o t h e 
down p o s i t i o n . A d j u s t t h e "COMPUTE TIME" c o n t r o l u n t i l a n u l l c o n d i t i o n 
i s o b s e r v e d . 
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1.4 STATIC MEASUREMENT OH AMPLIFIER OUTPUTS 

The a m p l i f i e r a d d r e s s and i n t e r n a l r e a d o u t m e ter may be used f o r t h e s t a t i c meas
urement o f a m p l i f i e r o u t p u t s . 

1.4.1 Measurement o f a m p l i f i e r o u t p u t s i n t h e Pot Set mode. (The "MODE SELECTOR" 
s w i t c h i s i n t h e "POT SET" p o s i t i o n . ) 

1. P o s i t i o n t h e "Y/POT ADDRESS" s w i t c h t o "GND/X." 
2. P o s i t i o n t h e "X ADDRESS" s w i t c h t o t h e number o f t h e a m p l i f i e r o u t p u t 

to be measured. 
3a Where t h e d i g i t a l r e a d o u t i s employed t h e add r e s s e d a m p l i f i e r o u t p u t 

i s d i s p l a y e d . I t s p o l a r i t y i s a u t o m a t i c a l l y i n d i c a t e d . 
3b Where t h e n u l l meter i s employed f i r s t t h e t o g g l e s w i t c h must be i n 

t h e p o s i t i o n f o r t h e c o r r e c t o u t p u t p o l a r i t y . I f t h e a m p l i f i e r o u t p u t 
i s p o s i t i v e t h e t o g g l e s w i t c h must b e i n t h e u p p o s i t i o n ; i f t h e o u t p u t 
i s n e g a t i v e t h e t o g g l e s w i t c h must be down. A d j u s t t h e n u l l p o t e n t i o 
meter u n t i l a n u l l c o n d i t i o n i s o b s e r v e d . The n u l l p o t e n t i o m e t e r d i a l 
r e a d i n g i s t h e measured a m p l i f i e r o u t p u t . 

1.4.2 Measurement o f a m p l i f i e r o u t p u t s i n t h e Op e r a t e mode. (The "MODE SELECTOR" 
s w i t c h i s i n t h e "OPR" p o s i t i o n . ) 

1. P a t c h t h e r e a r t e r m i n a l "Y OUTPUT" t o r e a r t e r m i n a l "METER INPUT." 
2. P o s i t i o n t h e "Y/POT ADDRESS" s w i t c h t o t h e number o f t h e a m p l i f i e r o u t 

p u t to be measured. 
3. F o l l o w above p r o c e d u r e s 3a or 3b to measure t h e d e s i r e d a m p l i f i e r 

o u t p u t . 

1.4.3 M e a s u r i n g t h e sum of i n t e g r a t o r i n p u t s . The sum of i n t e g r a t o r i n p u t s , as 
r c q u i r e d in s t a n d a r d program s t a t i c check p r o c e d u r e s , may be measured as f o l l o w s : 

1. P o s i t i o n t h e "MODE SELECTOR" s w i t c h t o "OPR." 
2. Depress t h e " I C " mode c o n t r o l push b u t t o n . 
3 . Patch t h e "SJ" j a c k o f t h e i n t e g r a t o r i n p u t t o b e measured t o t h e "SJ" 

j a c k o f a n unused a m p l i f i e r ; t h e unused a m p l i f i e r i s t o have a 1 r e s 
i s t o r f e e d b a c k . 

4. Measure t h e summer a m p l i f i e r o u t p u t u s i n g t h e p r o c e d u r e s o f 1.4.2. 
The summer o u t p u t i s t h e i n v e r t e d sum o f t h e i n t e g r a t o r i n p u t s . 

1.5 PROBLEM SOLUTION 

Problem s o l u t i o n i s o r i e n t e d p r i m a r i l y t o t h e X Y g r a p h o r d i s p l a y . F o l l o w i n g p r o 
gramming, p a t c h i n g , s e t t i n g o f c o e f f i c i e n t s , program check o u t and s e t t i n g t h e com
p u t e t i m e p e r i o d , t h e program i s ready t o b e r u n . Computed v a r i a b l e s a r e ready t o 
be r e c o r d e d , d i s p l a y e d and e v a l u a t e d . 

The p r i n c i p l e g r a p h i c a l r e a d o u t i s t h e response c u r v e where dependent v a r i a b l e s 
( a m p l i f i e r o u t p u t s ) a r e p r e s e n t e d a s f u n c t i o n s o f t h e i n d e p e n d e n t v a r i a b l e t i m e . 
T o o b t a i n response c u r v e s : 
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1. P o s i t i o n t h e "Y/POT ADDRESS" s w i t c h t o t h e number o f t h e a m p l i f i e r o u t 
p u t t h a t i s t o b e t h e c u r v e ' s o r d i n a t e . 

2. P o s i t i o n t h e "X ADDRESS" s w i t c h t o "TIME." 
3a For XY p l o t t e r r e a d o u t , depress t h e " I C " mode c o n t r o l push b u t t o n . 

( A l l i n t e g r a t o r s a r e p l a c e d i n t o t h e i n i t i a l c o n d i t i o n mode.) 
4 a Depress t h e "OP" push b u t t o n . ( A l l i n t e g r a t o r s a r e s i m u l t a n e o u s l y 

p l a c e d i n t o a n o p e r a t e o r r u n s t a t e and t h e p l o t t e r produces t h e 
Y vs Time response c u r v e . ) 

3b For o s c i l l o s c o p e r e a d o u t , d e p r e s s t h e "RO" mode c o n t r o l push b u t t o n . 
(The response o f a l l i n t e g r a t o r s i s i n c r e a s e d b y a f a c t o r o f 400; a l l 
i n t e g r a t o r s a r e repeatedly s w i t c h e d f r o m i n i t i a l c o n d i t i o n t o o p e r a t e 
modes and t h e com p l e t e response c u r v e s appear on t h e o s c i l l o s c o p e 
d i s p l a y . 
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I f the response c u r v e i s t o b e e v a l u a t e d i n p h y s i c a l u n i t s , t h e a m p l i f i e r o u t p u t 
s c a l e f a c t o r (maximum e s t i m a t e d a m p l i t u d e ) i s t h e f u l l s c a l e Y a x i s c o - o r d i n a t e and 
t h e f u n c t i o n o p e r a t e s w i t h i n t h e range o f zero t o p l u s o r minus t h e s c a l e f a c t o r 
v a l u e . The f u l l s c a l e r e a l t i m e c o - o r d i n a t e i s t h e compute t i m e p e r i o d d i v i d e d by 
t h e t i m e s c a l e f a c t o r . 

I f t h e o p e r a t o r d e t e r m i n e s t h a t t h e compute t i m e p e r i o d i s e i t h e r t o o l o n g o r t o o 
s h o r t f o r c o n v e n i e n t r e a d o u t , t h e "COMPUTE TIME" c o n t r o l may be a d j u s t e d and a new 
compute t i m e p e r i o d e s t a b l i s h e d . I t i s emphasized t h a t a d j u s t m e n t o f t h e "COMPUTE 
TIME" c o n t r o l does n o t a l t e r t h e response f u n c t i o n b u t v a r i e s o n l y t h e p e r i o d t h a t 
i s o b s e r v e d . ( I f t h e f u l l range "COMPUTE TIME" c o n t r o l a d j u s t m e n t does n o t meet 
r e a d o u t r e q u i r e m e n t s , a new t i m e s c a l e f a c t o r must b e s e l e c t e d and c o e f f i c i e n t 
s e t t i n g s r e c a l c u l a t e d . ) 

A n a l t e r n a t e g r a p h i c a l r e a d o u t i s t h e p h a s e - p l a n e c u r v e ( a v a r i a b l e p l o t t e d 
a g a i n s t i t s d e r i v a t i v e ) o r a c u r v e o f one v a r i a b l e p l o t t e d a g a i n s t a n o t h e r v a r i 
a b l e . To pro d u c e such c u r v e s p o s i t i o n t h e "X ADDRESS" s w i t c h t o t h e a m p l i f i e r o u t 
p u t t h a t is to be t h e a b s c i s s a and f o l l o w above p r o c e d u r e s 3a and 4a or 3b. 

I t i s n o t e d t h a t t h e c u r v e s d i s p l a y e d o n t h e o s c i l l o s c o p e a r e i d e n t i c a l t o graphs 
produced b y t h e X Y p l o t t e r . I f t h e o s c i l l o s c o p e and p l o t t e r a r e used f o r t h e sim
u l a t i o n a n a l y s i s i t i s c o n v e n i e n t t o c o n n e c t b o t h r e a d o u t i n s t r u m e n t s and l e a v e t h e 
p l o t t e r i n a s t a n d - b y c o n d i t i o n when n o t b e i n g used. The a n a l y s i s may t h e n be con
d u c t e d a s f o l l o w s : 

1 . E v a l u a t e f u n c t i o n s i n t h e r e p e t i t i v e o p e r a t i o n mode w i t h t h e o s c i l 
l o s c o p e d i s p l a y . A v i e w o f t h e t o t a l o u t p u t c u r v e s and t h e q u i c k r e 
sponse t o p a r a m e t e r changes i s o f t e n v a l u a b l e t o a n u n d e r s t a n d i n g o f 
p r o b l e m c h a r a c t e r i s t i c s . When h a r d copy i s d e s i r e d the c u r v e may then 
b e p l o t t e d . 

2. Depress t h e " I C " mode c o n t r o l push b u t t o n . 
3 . A c t i v a t e t h e p l o t t e r . 
4. Depress t h e "OP" push b u t t o n and p l o t t h e c u r v e t h a t was d i s p l a y e d on 

t h e o s c i l l o s c o p e . 

I n a d d i t i o n t o t h e i n i t i a l c o n d i t i o n and o p e r a t e modes d e s c r i b e d i n above procedures 
3a and 4a, o u t p u t f u n c t i o n s may be p l a c e d i n t o a h o l d c o n d i t i o n . At any t i m e d u r i n g 
a run computer t i m e may be sto p p e d by d e p r e s s i n g t h e "HD" mode c o n t r o l push b u t t o n . 
The h o l d mode e n a b l e s t h e o p e r a t o r t o e v a l u a t e t h e s t a t i c v a l u e s o f v a r i a b l e a t de
s i r e d p o i n t s i n t i m e . From t h e h o l d mode t h e r u n may e i t h e r be c o n t i n u e d by r e -
d e p r e s s i n g t h e "OP" p u s h b u t t o n o r t h e f u n c t i o n may be r e t u r n e d t o t h e i n i t i a l con
d i t i o n s t a t e b y d e p r e s s i n g t h e " I C " push b u t t o n . 

1.6 SLAVING TWO OR MORE COMPUTERS 

When p r o b l e m r e q u i r e m e n t s exceed t h e c a p a c i t y o f one u n i t two o r more GP-6 com
p u t e r s may be s l a v e d i n t o a s i n g l e o p e r a t i n g system. 

1 . D e s i g n a t e a u n i t t o b e t h e m a s t e r ; o t h e r s s h a l l t h e n b e s l a v e s t o the 
m a s t e r . 

2. Connect a common ground between u n i t s t h r o u g h r e a r t e r m i n a l s "GND." 
3. Program each u n i t and t h e n p a t c h i n t e r c o n n e c t i o n s . P a t c h i n g between 

p a n e l s i s i d e n t i c a l t o p a t c h i n g w i t h i n a p a n e l . 
4 . O n a l l s l a v e u n i t s remove t h e s h o r i n g w i r e between r e a r t e r m i n a l s 

"OP OUTPUT" and "OP INPUT." 
5. Connect t h e r e a r t e r m i n a l "OP OUTPUT" o f t h e master t o t h e "OP INPUT" 

t e r m i n a l s o f a l l s l a v e u n i t s . 
6. The modes o f a l l s l a v e d u n i t s w i l l t h e n be c o n t r o l l e d by o p e r a t i o n 

o f t h e master computer. 

1.7 POWER 

The 115 v o l t A.C. power s w i t c h i s a p a r t o f t h e Compute Time c o n t r o l . To t u r n 
power "on" r o t a t e t h e Compute Time c o n t r o l c l o c k w i s e from t h e "OFF" p o s i t i o n . The 
above p i l o t l i g h t i n d i c a t e s a power-on c o n d i t i o n . 
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2. GP-6 OPERATOR FUNCTIONS 

Figure 2 - 1 

Y/POT ADDRESS X ADDRESS 

REAR TERMINALS 

MODE SELECTOR 

2.0 GP-6 OPERATOR FUNCTIONS 

F i g u r e 2-1 i s a s c h e m a t i c o f o p e r a t o r f u n c t i o n s . D e s c r i p t i o n s o f i n d i v i d u a l 
f u n c t i o n s a r e d e s c r i b e d i n t h e f o l l o w i n g . 

2.1 Y/POT ADDRESS 

The Y/Pot Address s w i t c h is an 11 p o s i t i o n , 2 p o l e r o t a r y s w i t c h . One s e c t i o n se
l e c t s a m p l i f i e r o u t p u t s f o r e x t e r n a l r e a d o u t ; t h e o t h e r s e c t i o n s e l e c t s c o e f f i c i e n t 
p o t e n t i o m e t e r o u t p u t s Cor s e t t i n g a t t e n u a t o r c o n s t a n t s . The a m p l i f i e r s e l e c t o r 
w i p e r i s c o n n e c t e d t o t h e r e a r t e r m i n a l "Y OUTPUT;" t h e p o t e n t i o m e t e r s e l e c t o r i s 
con n e c t e d t o t h e Mode S e l e c t o r s w i t c h and i s t h e i n p u t t o t h e i n t e r n a l r e a d o u t meter 
i n t h e Pot Set mode. Tt i s no t e d t h a t t h e "GND/X" p o s i t i o n o f t h e p o t e n t i o m e t e r 
s e c t i o n i s c o n n e c t e d t o t h e X Address s w i t c h w i p e r s o t h a t t h e i n t e r n a l r e a d o u t 
meter may be used t o measure t h e X Address s e l e c t i o n s i n t h e Pot Set mode. 
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2.2 X ADDRESS 
The X Address s w i t c h i s a n 1 1 p o s i t i o n , 1 p o l e r o t a r y s w i t c h . I t s e l e c t s a m p l i f i e r 
o u t p u t s , t h e i n t e r n a l t i m e base and t h e CTP o u t p u t f o r b o t h e x t e r n a l and i n t e r n a l 
r e a d o u t . The w i p e r i s conne c t e d t o t h e r e a r t e r m i n a l "X OUTPUT" and t h e "GND/X" 
p o s i t i o n o f t h e Y/Pot Address s w i t c h , p o t e n t i o m e t e r s e c t i o n . 

2.3 MODE SELECTOR 
The Mode S e l e c t o r s w i t c h i s a 2 p o s i t i o n , 12 p o l e r o t a r y s w i t c h . I t p r o v i d e s a num
b e r o f f u n c t i o n s t h a t d i s t i n g u i s h t h e computer's Pot Set and Operate modes. 

2.3.1 S e t t i n g o f C o e f f i c i e n t P o t e n t i o m e t e r s 
The t o p end i n p u t t o each c o e f f i c i e n t p o t e n t i o m e t e r i s c o n n e c t e d t o one o f 8 
p o l e s . I n t h e OPR p o s i t i o n t h e p o l e s are s w i t c h e d t o t h e p a t c h p a n e l i n p u t ; i n 
t h e POT SET p o s i t i o n the p o l e s are s w i t c h e d t o p o s i t i v e r e f e r e n c e . Thus i n t h e 
Pot Set mode t h e i n p u t s t o a l l p o t e n t i o m e t e r s a r e r e p l a c e d by p o s i t i v e r e f e r e n c e 
and t h e p o t e n t i o m e t e r o u t p u t v a l u e s a r e measurements o f v o l t a g e d i v i d e r r a t i o s . 

2.3.2 I n t e r n a l Readout Meter 
One p o l e is c o n n e c t e d to t h e i n t e r n a l r e a d o u t meter i n p u t . In t h e POT SET pos
i t i o n t h e p o l e i s s w i t c h e d t o t h e X Address s w i t c h w i p e r ; i n t h e OPR p o s i t i o n t he 
p o l e i s s w i t c h e d t o t h e r e a r t e r m i n a l "METER INPUT." 

2.3.3 I n t e g r a t o r Mode Co n t r o 1 
One p o l e i s c o n n e c t e d t o t h e r e a r t e r m i n a l "OP OUTPUT." I n t h e Pot Set mode the 
po l e i s s w i t c h e d t o g r o u n d ; i n t h e OPR p o s i t i o n t h e p o l e i s s w i t c h e d t o t h e push 
b u t t o n mode c o n t r o l s e l e c t i o n . Thus i n t h e Pot Set mode a l l i n t e g r a t o r s are 
p l a c e d i n t o an i n i t i a l c o n d i t i o n s t a t e ; i n t h e OPR mode i n t e g r a t o r s are c o n t r o l l e d 
by t h e push b u t t o n mode s w i t c h e s . 

2.3.4 CTP A m p l i f i e r 
Two p o l e s are used to program t h e CTP a m p l i f i e r as shown in F i g u r e s 2-1 and 2-2. 
The CTP a m p l i f i e r is l o c a t e d on t h e Timer b o a r d assembly. 

F i g u r e 2 - 2 

Time Base 

H o l d I n h i b i t 

I n t h e OPR p o s i t i o n , p o s i t i v e r e f e r e n c e i s a p p l i e d t h r o u g h t h e Compute Time con
t r o l (100K ohms) and a s e r i e s 10K ohm r e s i s t o r t o t h e CTP a m p l i f i e r summing junc 
t i o n . A 10K ohm r e s i s t o r i s t h e feedback, t h e r e f o r e , 

CTP = -10/(CT + 10) x R e f e r e n c e . 

in t h e POT SET p o s i t i o n , p o s i t i v e r e f e r e n c e is a p p l i e d t h r o u g h a 100K ohm r e s i s t o r 
t o t h e CTP a m p l i f i e r summing j u n c t i o n . The Compute Time c o n t r o l and 10K ohm r e s i s 
t o r i s t h e f e e d b a c k , t h e r e f o r e , 

CTP = -(CT + 10)/100 x R e f e r e n c e . 

The CTP a m p l i f i e r o u t p u t i n t h e POT SET p o s i t i o n i s one t e n t h t h e r e c i p r o c a l o f 
i t s v a l u e i n t h e OPR p o s i t i o n . A s t h e CTP o u t p u t i s t h e i n p u t t o t h e t i m e base 
i n t e g r a t o r , i t s r e c i p r o c a l i s a measurement o f t h e Compute Time P e r i o d . 

2.3.5 Hold I n h i b i t 
I n t h e normal i n t e g r a t o r i n i t i a l c o n d i t i o n mode t h e h o l d s w i t c h i s shut o f f , thereby 
i s o l a t i n g t h e i n p u t r e s i s t o r n e t w o r k . I t i s n e c e s s a r y , however, t o s e t p o t e n t i o 
meters w i t h t h e i r r e s i s t o r l o a d s c o n n e c t e d . T h e r e f o r e , d u r i n g t h e pot s e t mode each 
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Patch p a n e l g r a p h i c s r e p r e s e n t n e t w o r k s a s t h e y a r c a p p l i e d i n normal a n a l o g computer 
programming. A m p l i f i e r s 1 t h r u 6 may be used as summers o r h i g h g a i n o p e r a t i o n a l am
p l i f i e r s ; a m p l i f i e r s 1 t h r u 4 have e l e c t r o n i c s w i t c h n e t w o r k s and may a l s o be program
med a s i n t e g r a t o r s , t r a c k / s t o r e a m p l i f i e r s and s i n g l e p o l e , d o u b l e t h r o w e l e c t r o n i c 
s w i t c h e s . A m p l i f i e r s 7 and 8 a r e i n v e r t e r s . P o t e n t i o m e t e r s 1 t h r u 6 a r e a t t e n u a t o r s . 
P o t e n t i o m e t e r s 7 and 8 have t h e i r b o t t o m ends open and may be used as v o l t a g e d i v i d e r s 
o r a t t e n u a t o r s . M u l t i p l i e r n e t w o r k s have c u r r e n t o u t p u t s ; w i t h one a m p l i f i e r each may 
h e used a s a m u l t i p l i e r , d i v i d e r , s q u a r e r o r square r o o t e x t r a c t o r . 

The f o l l o w i n g i s a d e s c r i p t i o n o f p a t c h p a n e l symbols: 

COLOR CODE DESCRIPTION 

Red P o s i t i v e r e f e r e n c e , c o n s i d e r e d u n i t y , 1 . 0 f o r n o r m a l i z e d 
programming. ( A c t u a l a m p l i t u d e i s 1 0 v o l t s . ) 

Y e l l o w N e g a t i v e r e f e r e n c e 

High g a i n o p e r a t i o n a l a m p l i f i e r . 

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

I n v e r t e r 

Red A m p l i f i e r o u t p u t . 

Gray The summing j u n c t i o n f o r a m p l i f i e r s 1 t h r u 6. ( A c t i v e f o r 
a m p l i f i e r s 1 t h r u 4 when a l o g i c " 1 " i s a p p l i e d t o t h e "SW" 
s w i t c h c o n t r o l j a c k o r when t h e r e i s no s w i t c h c o n t r o l 
p a t c h i n g . ) 
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SYMBOL COLOR CODE DESCRIPTION 

Gray A l t e r n a t e summing j u n c t i o n f o r a m p l i f i e r s 1 t h r u 4. ( A c t i v e 
when a l o g i c "0" i s a p p l i e d t o t h e "SW" s w i t c h c o n t r o l j a c k . ) 

Green S t a n d a r d i n p u t summing r e s i s t o r , n o r m a l i z e d as a u n i t y value 
t o s i m p l i f y programming. ( A c t u a l v a l u e i s 50 K ohms.) 

Green Summing r e s i s t o r i n p u t t h a t has a v a l u e one t e n t h t h e s t a n 
d a r d . ( A c t u a l v a l u e i s 5 k ohms.) 

Green S t a n d a r d i n t e g r a t i n g c a p a c i t o r i n p u t , n o r m a l i z e d s o t h a t the 
1 r e s i s t o r and B c a p a c i t o r c o m b i n a t i o n produces a one second 
t i m e c o n s t a n t a s r e f e r r e d t o programming t i m e s c a l e s . ( A c t u a l 
v a l u e i s 20 u f d i n t h e slow t i m e mode and .05 u f d i n t h e re
p e t i t i v e o p e r a t i o n mode.) 

Green I n t e g r a t i n g c a p a c i t o r i n p u t t h a t has a v a l u e one t e n t h t h e 
s t a n d a r d . ( A c t u a l v a l u e i s 2 u f d i n t h e slow t i m e mode and 
.005 u f d i n t h e r e p e t i t i v e o p e r a t i o n mode.) 

Green R e s i s t o r i n p u t t o t h e SJ' summing j u n c t i o n . A m p l i f i e r becomes 
an i n v e r t e r when SJ' i s a c t i v e . N o r m a l l y used f o r i n t e g r a t o r 
i n i t i a l c o n d i t i o n s . I n p u t and fee d b a c k r e s i s t o r s may be used 
f o r summer o p e r a t i o n by p a t c h i n g SJ' t o SJ. ( A c t u a l v a l u e o f 
i n p u t and feedba c k r e s i s t o r i s 50 k ohms.) 

Y e l l o w A t t e n u a t o r , i n p u t and w i p e r i n d i c a t e d b y s t a n d a r d e l e c t r i c a l 
symbol. 

Y e l l o w V o l t a g e d i v i d e r ; t o p , b o t t o m and w i p e r i n d i c a t e d b y s t a n d a r d 
e l e c t r i c a l symbol. Bottom must be p a t c h e d t o ground f o r 
a t t e n u a t o r o p e r a t i o n . ( P o t e n t i o m e t e r v a l u e is 5 k ohms.) 

B l a c k System g r o u n d . 

M u l t i p l i e r n e t w o r k . 

Brown One o f two m u l t i p l i e r i n p u t s . 

Brown One o f two m u l t i p l i e r i n p u t s . 

Brown M u l t i p l i e r o u t p u t , a c u r r e n t p r o p o r t i o n a l t o t h e p r o d u c t o f 
i n p u t s "X" and "Y"; n o r m a l i z e d so t h a t when c o n n e c t e d t o the 
summing j u n c t i o n o f an o p e r a t i o n a l a m p l i f i e r w i t h a 1 r e s i s 
t o r f e e d b a c k , and w i t h r e f e r e n c e a p p l i e d t o "X" and "Y", 
t h e a m p l i f i e r o u t p u t e q u a l s r e f e r e n c e . 

White E l e c t r o n i c s w i t c h c o n t r o l i n p u t . W i t h a l o g i c "0" ( g r o u n d 
o r p o s i t i v e v o l t a g e ) t h e S J ' summing j u n c t i o n o f t h e above 
a m p l i f i e r i s a c t i v e and S J s h u t s o f f . W i t h a l o g i c " 1 " 
(-5 t h r u -15 v o l t s ) S J i s a c t i v e and SJ' s h u t s o f f . W i t h 
"HD" l o g i c (-2 t h r u -3 v o l t s ) SJ' s h u t s o f f , t h e SJ summing 
j u n c t i o n i s a c t i v e b u t t h e summing r e s i s t o r n e t w o r k i s d i s 
c o n n e c t e d . "IID" l o g i c i s used f o r n o r m a l i n t e g r a t o r h o l d 
mode o p e r a t i o n . 
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White The computer's o p e r a t e bus; p r o v i d e s i n t e g r a t o r mode l o g i c 
( s l o w t i m e , r e p e t i t i v e o p e r a t i o n o r s l a v e ) a s s e l e c t e d b y the 
o p e r a t o r . Normal i n t e g r a t o r o p e r a t i o n r e q u i r e s t h a t t h e "OP" 
bus be p a t c h e d to t h e "SW" s w i t c h c o n t r o l i n p u t . 



OPERATOR'S MANUAL 

PATCH PANEL OPERATIONS 

FUNCTION OPERATION PATCHING 

Summer 

( a m p l i f i e r s 1-4) 

Summer 

( a m p l i f i e r s 1-4 
w i t h I C n e t w o r k s ) 

Eo = -(A + B + I0C + 10D) 

NO PATCHING TO SWITCH CONTROL "SW" 

Eo = - (A + B + C) 

NO PATCHING TO SWITCH CONTROL "SW" 

Eo = -Rf(E1/R1 + E2/R2 ... + En/Rn) 

Summer 

( a m p l i f i e r s 5 & 6) 

I n v e r t e r 

( a m p l i f i e r s 7 & 8) 
Eo = -A 

Eo = -(.1A + .1B + .1C) 
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FUNCTION OPERATION PATCHING 

Fundamental I n t e g r a t o r O p e r a t i o n 

I n t e g r a t o r 

( a m p l i f i e r s 1-4) 

A t t e n u a t o r 
( p o t s 1 - 6 ) 

A t t e n u a t o r 
( p o t s 7 & 8 ) 

Eo = K(A) 

Eo = K(A) 

Eo = K(A - B) + B 

V o l t a g e D i v i d e r 
( p o t s 7 & 8) 
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OPERATION PATCHING FUNCTION 

M u l t i p l i e r 

Fundamental M u l t i p l i e r O p e r a t i o n 

Eo = -(X*Y) 

Eo = -(A*B) 

Eo = -(A/B) A > 0 

D i v i d e r 

S quarer 

Square Root 
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FUNCTION OPERATION PATCHING 

Fundamental D i f f e r e n t i a t o r O p e r a t i o n 

D i f f e r e n t i a t o r 

( a m p l i f i e r s 1-4) 

T r a c k / S t o r e 

( a m p l i f i e r s 1-4) 

NO SWITCH CONTROL PATCHING 

Eo = -dA/dt 

Eo = -RC*dEin/dt 

E i n Eo 

Eo' = -A when Q i s a l o g i c 0 

Eo' = -A' when Q i s a l o g i c 1 

A' is t h e s t o r e d v a l u e of A 
when Q s w i t c h e s from 0 to 1 

Eo = A'(n-1) 

A'(n-1) i s the p r e v i o u s v a l u e o f A ' 

SPDT 

E l e c t r o n i c S w i t c h 

( a m p l i f i e r s 1-4) 
Eo = -A when Q is a L o g i c "0" 

Eo = -B when Q is a L o g i c " 1 " 
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B . 10. 1 T H E M O D E L 709 V A R I A B L E D I O D E F U N C T I O N G E N E R A T O R 

The M o d e l 709 V D F G i s p r o g r a m m e d a s a n input n e t w o r k . F o r o p e r a t i o n , i t m u s t b e c o n 
nected to the s u m m i n g j u n c t i o n o f an o p e r a t i o n a l a m p l i f i e r . When the feedback o f t h i s 
a m p l i f i e r i s a r e s i s t o r , such as shown in F i g . B . 10. 1 -1 , the V D F G f u n c t i o n a p p e a r s as i t s 
output . 

F i g . B. 10. 1-1 

Input X 

The f o l l o w i n g p r o c e d u r e s m a y be used f o r s e t t i n g f u n c t i o n s : 

1 . C o n s t r u c t an o u t p u t / i n p u t p lo t o f the f u n c t i o n to be set . The c u r v e should be d r a w n on 
g r a p h paper w i t h f u l l sca le c o - o r d i n a t e s r e l a t i n g t o c o m p u t e r r e f e r e n c e . The best 
s t r a i g h t l ine a p p r o x i m a t i o n t o the c u r v e should then b e d e t e r m i n e d . These s t r a i g h t 
l ines w i l l e s t a b l i s h the b r e a k p o i n t l o c a t i o n s . E l e v e n segments a r e a v a i l a b l e w i t h the 
709 n e t w o r k . A c e n t e r segment g e n e r a t e s the f u n c t i o n slope at the X a x i s o r i g i n . 
F i v e s e g m e n t s are l o ca ted on e i t h e r side o f the o r i g i n . The i n t e r s e c t i o n o f the c e n t e r 
s e g m e n t w i t h the f i r s t s e g m e n t o f the p o s i t i v e side i s the f i r s t p o s i t i v e b r e a k p o i n t . 
The i n t e r s e c t i o n o f the f i r s t and second segment i s the second p o s i t i v e b r e a k p o i n t , e t c . 
N e g a t i v e b r e a k p o i n t s a r e s i m i l a r l y n u m b e r e d o n t h e n e g a t i v e s ide o f the o r i g i n . The 
i n t e r s e c t i o n o f the c e n t e r segment w i t h the Y a x i s e s t a b l i s h e s the p a r a l l a x . F o r an 
e x a m p l e o f the p a r a l l a x , c e n t e r s lope and t w o p o s i t i v e and n e g a t i v e b r e a k p o i n t s , see 
F i g . B . 10. 1-2. 

2 . Connec t c o m p u t e r r e f e r e n c e to the " + " and " - " j a c k s found on the V D F G p a n e l . P a t c h 
the V D F G t o a n a m p l i f i e r a s shown i n F i g . B . 10. 1 - 1 . 

3 . C o n n e c t a r a m p t h a t sweeps f r o m negat ive to p o s i t i v e r e f e r e n c e as the V D F G i n p u t . 

4 . Set up i s eas i es t w h e n the c o m p u t e r i s in the r e p e t i t i v e o p e r a t i o n mode and the f u n c t i o n 
i s d i s p l a y e d o n a n o s c i l l o s c o p e . S e t t i n g i n the s low t i m e mode m a y b e d e s i r e d , h o w 
e v e r , because o f the i n c r e a s e d a c c u r a c y o f f e r e d b y a n X Y p l o t t e r r e a d o u t . I n e i t h e r 
case , d i s p l a y the V D F G a m p l i f i e r output as a f u n c t i o n of the i n p u t . T h e V D F G w i l l 
t h e n be set to d u p l i c a t e the c u r v e d r a w n in step 1 above . 

P o s i t i v e R e f e r e n c e 
Negat ive Re fe rence 



5 . T u r n a l l the p o s i t i v e b r e a k p o i n t a d j u s t m e n t s t o t h e i r c l o c k w i s e s t o p s . T u r n a l l the 
negat ive b r e a k p o i n t a d j u s t m e n t s t o t h e i r c o u n t e r c l o c k w i s e s t ops . A l l b r e a k p o i n t s w i l l 
then b e r e m o v e d t o t h e i r f a r t h e s t p o s i t i o n f r o m the o r i g i n . 

6 . T u r n the P a r a l l a x for the d e s i r e d i n t e r s e c t i o n at the Y a x i s . 

7 . Set the " C T R S L O P E " a d j u s t m e n t f o r the d e s i r e d c e n t e r segment s lope . 

8. T u r n e i t h e r the f i r s t negat ive o r the f i r s t p o s i t i v e b r e a k p o i n t a d j u s t m e n t t o the d e s i r e d 
f i r s t b r e a k p o i n t l o c a t i o n . T r i m the f i r s t slope a d j u s t m e n t f o r the d e s i r e d f i r s t segment 
s lope . Repeat t h i s p r o c e d u r e f o r a l l the b r e a k p o i n t and slope a d j u s t m e n t s . A l w a y s 
make a d j u s t m e n t s in a sequence f r o m the o r i g i n . 

9 . Rep lace the r a m p w i t h the d e s i r e d p r o g r a m i n p u t . 

P lease note t h a t the g e n e r a t e d f u n c t i o n , i . e . i n d i v i d u a l s e g m e n t s l o p e s , w i l l v a r y p r o p o r 
t i o n a l l y w i t h the a m p l i f i e r feedback r e s i s t o r . T h e range o f i n d i v i d u a l s e g m e n t s lopes m a y , 
t h e r e f o r e , be i n c r e a s e d by r a i s i n g the va lue o f t h i s r e s i s t o r . O r , s lopes m a y be i n c r e a s e d 
b y p l a c i n g a c o e f f i c i e n t a t t e n u a t o r i n s e r i e s w i t h the feedback r e s i s t o r . I n t h i s case , the 
slope range i s i n c r e a s e d by the r e c i p r o c a l o f the p o t e n t i o m e t e r s e t t i n g . 

OPERATOR'S MANUAL 



OPERATOR'S MANUAL 

MODEL 771 TRANSFER FUNCTION SIMULATOR 

GENERAL DESCRIPTION 
The 771 p r o v i d e s a n analog computer s i m u l a t i o n o f e i g h t b a s i c t r a n s f e r f u n c t i o n s . 
Each has t h r e e s e t s o f p a r a m e t e r s . The e i g h t t r a n s f e r f u n c t i o n s and t h e i r a s s o c i a t e d 
parameter v a l u e s are o u t l i n e d i n Table 1 . The 771 o u t p u t i s t h e t r a n s f e r f u n c t i o n 
response to any p a t c h e d analog i n p u t , such as a s i n e wave, square wave, p u l s e , e t c . 
I t a l s o f e a t u r e s a r e s e t mode c o n t r o l t o s y n c h r o n i z e i t s use w i t h r e p e t i t i v e o p e r a t i o n 
a n alog computers o r o t h e r s i m i l a r systems. 

OPERATING INSTRUCTIONS 
power...The 771 has a s e l f c o n t a i n e d power s u p p l y f o r use w i t h any 110 v o l t o u t l e t . 

F u n c t i o n S e l e c t i o n . . . A t r a n s f e r f u n c t i o n and i t s parameter s e t i s d e t e r m i n e d b y two 
S e l e c t o r s w i t c h e s . T o s e l e c t t r a n s f e r f u n c t i o n G 3 ( s ) p a r a m e t e r s e t A , f o r example, 
t u r n the r i g h t hand s w i t c h t o G 3 ( s ) and t h e l e f t hand s w i t c h t o "A." 

O p e r a t i o n w i t h E x t e r n a l Equipment...A common ground c o n n e c t i o n i s a l l t h a t i s needed 
t o connect the 771 t o an e x t e r n a l system. The maximum v o l t a g e i n p u t i s plus-minus 10 
v o l t s . The r a t e d o u t p u t v o l t a g e i s pl u s - m i n u s 10 v o l t s . Output c u r r e n t i s a minimum 
5 mas at p l u s or minus 10 v o l t s . 

Mode C o n t r o l . . . A l o g i c 0 (0 o r p o s i t i v e v o l t s ) p a t c h e d t o the "MODE CTL" j a c k w i l l 
r e s e t t h e t r a n s f e r f u n c t i o n to a zero o u t p u t . The absence of p a t c h i n g or a l o g i c 1 
(-2 o r more n e g a t i v e v o l t s ) w i l l p l a c e t h e u n i t i n t o a normal o p e r a t i n g mode. 

O p e r a t i o n w i t h t h e GP-6 Analog Computer... For o p e r a t i o n w i t h t h e GP-6 analog computer, 
p a t c h computer ground to t h e 771 "GND" j a c k . Patch the computer "OP" t e r m i n a l to the 
771 "MODE CTL" j a c k . 

lime C o n s t a n t s . . . T r a n s f e r f u n c t i o n t i m e c o n s t a n t s are g i v e n i n T a b l e 1 b o t h i n r e f e r -
ence to t h e GP-6 program seconds and r e a l t i m e . The GP-6 program seconds are f o r the 
r e p e t i t i v e o p e r a t i o n t i m e s c a l e . 

O p e r a t i o n w i t h Other Computers...The r e p e t i t i v e o p e r a t i o n mode c o n t r o l o p e r a t i n g 
l e v e l s s h o u l d be checked. I f a 0 o r p o s i t i v e v o l t l e v e l i s the computer's i n i t i a l 
c o n d i t i o n mode l o g i c and a -2 t o -15 v o l t l e v e l i s the o p e r a t e mode l o g i c , t h e n the 
computer's mode c o n t r o l bus may be connected t o the 771 "MODE CTL" j a c k . O t h e r w i s e a 
l e v e l changer must be i n c l u d e d as a b u f f e r between the two u n i t s . 

COMDYNA, inc. 

C i r c u i t D e s c r i p t i o n . . . T r a n s f e r f u n c t i o n s are s i m u l a t e d t h r o u g h t h e a p p l i c a t i o n o f two 
o p e r a t i o n a l a m p l i f i e r s and p a s s i v e R-C n e t w o r k s . Each a m p l i f i e r has a s e l e c t i o n of 
e i g h t n e t w o r k s . The two a m p l i f i e r s o p e r a t e i n s e r i e s . The t r a n s f e r f u n c t i o n s e l e c t o r 
s w i t c h has two p o l e s t h a t program t h e a m p l i f i e r s by c o n n e c t i n g a n e t w o r k to each of 
t h e summing j u n c t i o n s . An i n p u t t h u s passes t h r o u g h a network to a m p l i f i e r 1; the 
o u t p u t o f a m p l i f i e r 1 passes t h r o u g h a network t o a m p l i f i e r 2 ; t h e o u t p u t o f a m p l i f i e r 
2 i s t h e t r a n s f e r f u n c t i o n o u t p u t . The parameter s e l e c t o r s w i t c h a l t e r s a network's 
p arameters but does n o t change i t s b a s i c c h a r a c t e r i s t i c s . Each o f t h e two a m p l i f i e r s 
have an e l e c t r o n i c mode s w i t c h t h a t r e s e t o u t p u t s t o zero upon a l o g i c command. 

A m p l i f i e r Balance... T o balance a m p l i f i e r 1 , p o s i t i o n t h e s e l e c t o r s w i t c h t o G 2 ( s ) . 
The a m p l i f i e r i s programmed as an i n t e g r a t o r . I n the r e p e t i t i v e o p e r a t i o n mode, ad
j u s t p o t e n t i o m e t e r P1 u n t i l t h e o u t p u t shows a minimum d r i f t . To balance a m p l i f i e r 2 
p o s i t i o n t h e s e l e c t o r s w i t c h t o G 3 ( s ) . A d j u s t P2 u n t i l a minimum o u t p u t i s observed. 



TABLE 1 

O P E R A T O R ' S M A N U A L 
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771 TRANSFER FUNCTION SIMULATOR 

S e l e c t o r S w i t c h Schematic 

P a r t s L i s t 

C i r c u i t Schematic 
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OPERATOR S MANUAL 

B . 1 2 S E R I E S 9300 D / A E L E C T R O N I C S W I T C H M O D U L E S 

T h e 9300 D / A S w i t c h M o d u l e s a r e f u r n i s h e d r e a d y f o r o p e r a t i o n w i t h a n a l o g c o m p u t e r 
a m p l i f i e r s w h e r e the s u m m i n g j u n c t i o n and o u t p u t t e r m i n a t i o n s a r e s t a n d a r d b a n a n a 
j a c k s h a v i n g 3 / 4 " h o l e s p a c i n g . C o n n e c t i o n s a r e i d e n t i f i e d b y the s c h e m a t i c s h o w n o n 
the s w i t c h m o d u l e . T h e b a n a n a p l u g c o n n e c t s the m o d u l e t o a n a m p l i f i e r ' s p a t c h p a n e l 
s u m m i n g j u n c t i o n . T h e a n a l o g i n p u t v a r i a b l e t h a t i s t o b e s w i t c h e d i s p a t c h e d t o the 
m o d u l e ' s i n p u t r e s i s t o r j a c k . C o m p u t e r g r o u n d m u s t b e c o n n e c t e d t o c o m p l e t e a n 
i n t e r n a l c i r c u i t . T h e l o g i c c o m m a n d t o c o n t r o l the s w i t c h i s p a t c h e d t o t h e m o d u l e ' s 
s w i t c h c o n t r o l i n p u t j a c k . 

F i g . B . 1 2 - 1 

A n a l o g I n p u t 

C o m p u t e r G r o u n d 

C o n t r o l L o g i c C o m m a n d 

F u n c t i o n s as a s h o r t i n g p l u g f o r M o d u l e s 9305 & 9307 

W i t h a l o g i c " 0 " ( g r o u n d p o t e n t i a l ) c o n t r o l c o m m a n d , the m o d u l e p e r f o r m s a s a n o r m a l 
i n p u t r e s i s t o r . W i t h a l o g i c " 1 " c o m m a n d , the i n p u t t o the s u m m i n g j u n c t i o n i s c o m 
p l e t e l y s h u t o f f . 

T h e s h u t - o f f c o n t r o l v o l t a g e v a r i e s w i t h the s w i t c h m o d u l e . M o d e l s 9302 and 9305 
shut o f f w i t h n e g a t i v e l o g i c . M o d e l 9307 s h u t s of f w i t h p o s i t i v e l o g i c . T h e v o l t a g e 
l e v e l r a n g e s f r o m a m i n i m u m o f a b o u t 3 v o l t s t o a m a x i m u m 1 0 v o l t s 

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

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

B. 12. 1 M o d e l 9302 
T h e M o d e l 9302 i s f u r n i s h e d f o r o p e r a t i o n w i t h the C o m d y n a G P - 6 a n a l o g 
c o m p u t e r . I t p r o v i d e s a s t a n d a r d g a i n 1 i n p u t , a s r e f e r e n c e d t o the G P - 6 
p a t c h p a n e l . A s s h o w n o n the m o d u l e ' s s c h e m a t i c , o n l y one o f t h e b a n a n a 
p l u g s i s t h e a c t i v e s u m m i n g j u n c t i o n . T h e o t h e r p l u g i s i s o l a t e d f r o m a n y 
c i r c u i t . I n p a t c h i n g the 9302 m o d u l e , the p l u g s a r e u s u a l l y c o n n e c t e d t o the 
a m p l i f i e r ' s s u m m i n g j u n c t i o n a n d o u t p u t j a c k s . 

B . 1 2 . 2 M o d e l s 9305 and 9307 
M o d e l s 9305 and 9307 a r e f u r n i s h e d as a 1 0 0 K o h m i n p u t r e s i s t o r . T h e 
t w o b a n a n a p l u g s a r e c o m m o n a n d m a y b e u s e d a s a s h o r t i n g p l u g w h e n 
c o n n e c t e d t o t h e p a t c h p a n e l a m p l i f i e r s u m m i n g j u n c t i o n . 

B . 12. 3 M o d e l 9390 C o m p a r a t o r F e e d b a c k N e t w o r k 

T h e 9390 b o t t l e p l u g i s a f e e d b a c k e l e m e n t f o r p r o g r a m m i n g a p a t c h p a n e l a m p l i f i e r 
i n t o a c o m p a r a t o r . W h e n c o n n e c t e d a s s h o w n i n F i g . B. 1 2 - 2 , the a m p l i f i e r w i l l 
o u t p u t a p r o p e r l o g i c l e v e l t o c o n t r o l t h e D / A S w i t c h M o d u l e s . T h e a m p l i f i e r w i l l 
p r o d u c e n e g a t i v e l o g i c c o n t r o l w i t h the p l u g c o n n e c t e d t o the s u m m i n g j u n c t i o n and 
the j a c k p a t c h e d t o the o u t p u t . P o s i t i v e l o g i c c o n t r o l r e s u l t s w h e n t h e p l u g i s c o n 
n e c t e d t o t h e o u t p u t a n d t h e j a c k i s p a t c h e d t o the s u m m i n g j u n c t i o n . 

F i g . B . 12-2 

F o r posit ive logic outputs, 

r e v e r s e the plug and jack 

connect ions . 

0 for X + Y < 0 
-10 for X + Y > 0 
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B . 1 2 B A N A N A P L U G M O D U L E S 

B . 12. 5 M o d e l 9447 C o e f f i c i e n t P o t e n t i o m e t e r 

T h e 9447 M o d u l e p r o v i d e s a s i n g l e 5 K o h m p o t e n t i o m e t e r f u r n i s h e d i n a n u n g r o u n d e d c o n f i g 
u r a t i o n . I t i s a r r a n g e d f o r c o n v e n i e n t use i n s e t t i n g i n t e g r a t o r i n i t i a l c o n d i t i o n s w i t h C o m d y n a 
a n a l o g c o m p u t e r s . T h e m o d u l e m a y a l s o h e u s e d a s a g e n e r a l a t t e n u a t o r , v a r i a b l e r e s i s t o r 
o r s p e c i a l p u r p o s e p o t e n t i o m e t e r . 

F o r use i n s e t t i n g i n t e g r a t o r i n i t i a l c o n d i t i o n s , c o n n e c t the m o d u l e a s s h o w n i n F i g u r e 1 2 - 5 . 
P l a c e the c o m p u t e r i n t o the i n i t i a l c o n d i t i o n m o d e . A d j u s t the p o t e n t i o m e t e r u n t i l the d e s i r e d 
i n i t i a l c o n d i t i o n a p p e a r s a t the a m p l i f i e r o u t p u t . 

F i g . 12 -5 

C o m p u t e r g r o u n d 

P o s i t i v e o r N e g a t i v e 

R e f e r e n c e 

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

B . 1 2 . 4 M o d e l 9408 F u n c t i o n S w i t c h 

T h e 9408 M o d u l e p r o v i d e s a s i n g l e p o l e , d o u b l e t h r o w m e c h a n i c a l s w i t c h f o r use w i t h a n y 

p a t c h p a n e l b a n a n a j a c k . I t m a y b e u s e d t o s w i t c h a m p l i f i e r i n p u t s o r o u t p u t s , l o g i c c o n t r o l 

l e v e l s , r e f e r e n c e , e t c . S w i t c h o p e r a t i o n i s s h o w n i n F i g u r e 1 2 - 4 . 

F i g . 1 2 - 4 

X w h e n l e v e r i s t h r o w n t o w a r d ' X " j a c k . 

Y w h e n l e v e r i s t h r o w n t o w a r d ' ' Y " j a c k . 

P a s s i v e P l u g 

B . 1 2 . 6 M o d e l 9517 L i m i t e r 

T h e 9517 M o d u l e i s a n a c t i v e n e t w o r k f o r l i m i t i n g the o u t p u t o f a n a n a l o g c o m p u t e r o p e r a t i o n a l 
a m p l i f i e r . I t m a y b e u s e d a s t h e a m p l i f i e r ' s so le f e e d b a c k f o r a " B a n g - B a n g " f u n c t i o n , o r i t 
m a y b e u s e d i n p a r a l l e l w i t h a n o t h e r e l e m e n t f o r a h a r d f u n c t i o n l i m i t . I t m a y a l s o b e p l a c e d 
i n s e r i e s w i t h a f e e d b a c k r e s i s t o r f o r a s o f t f u n c t i o n l i m i t . T h e 9517 M o d u l e p l u g s i n t o a 
s t a n d a r d b a n a n a j a c k p a t c h p a n e l and i s p r o g r a m m e d a s s h o w n i n F i g u r e 1 2 - 5 . 

F i g . 1 2 - 5 

T o se t t h e p o s i t i v e a n d n e g a t i v e o u t p u t l i m i t s , c o n n e c t the 9517 L i m i t e r a s s h o w n i n F i g . 1 2 - 5 . 
I n p u t - 1 0 R e f e r e n c e t o a n a m p l i f i e r i n p u t r e s i s t o r . A d j u s t the positive l i m i t p o t e n t i o m e t e r 
u n t i l t h e d e s i r e d l i m i t a m p l i t u d e i s o b s e r v e d a t the a m p l i f i e r o u t p u t . R e p e a t t h e o p e r a t i o n f o r 
t h e n e g a t i v e l i m i t , r e p l a c i n g the - 1 0 R e f e r e n c e w i t h a +10 R e f e r e n c e t o t h e i n p u t r e s i s t o r . 

COMDYNA, Inc. 



O P E R A T O R S M A N U A L 

B . 12. 7 M o d e l 9528 Z e r o L i m i t e r 

T h e 9528 M o d u l e p r o v i d e s a n a m p l i f i e r f e e d b a c k t o l i m i t the o u t p u t t o a p o s i t i v e o p e r a t i o n o n l y 
P r o g r a m m i n g i s a s s h o w n i n F i g u r e 1 2 - 6 . ( P l e a s e note t h a t the i n t e r n a l n e t w o r k m a y not b e 
the s a m e as the s c h e m a t i c a p p e a r i n g on t h e m o d u l e . ) 

F i g . 1 2 - 6 

Z e r o L i m i t e r O u t p u t s 

T h e Z e r o L i m i t e r o u t p u t a p p e a r s a t the m o d u l e j a c k s . T h e n o r m a l a m p l i f i e r o u t p u t s h o u l d 
not In- used 

13. 12 .8 M o d e l 9520 Dead Space 

T h e 9520 M o d u l e p r o v i d e s dead space t o the i n p u t o f a n o p e r a t i o n a l a m p l i f i e r . I t i s p l u g 
ged t o a n o r m a l p a t c h p a n e l i n p u t r e s i s t o r a s s h o w n i n F i g u r e 1 2 - 7 

F i g . 12 -7 
P o s i t i v e Dead Space A d j u s t m e n t 

+10 Ref. 

I n p u t 

- 1 0 Ref . 

N e g a t i v e D e a d Space A d j u s t m e n t 

P a s s i v e P l u g 

To set t h e d e a d s p a c e , p a t c h a f e e d b a c k r e s i s t o r f o r a g a i n 1 or 10 i n p u t c o n f i g u r a t i o n 
A p p l y a p o s i t i v e i n p u t e q u a l t o t h e p o s i t i v e dead space a m p l i t u d e . A d j u s t the p o s i t i v e dead 
space p o t e n t i o m e t e r u n t i l a n o u t p u t i s n o t i c e d . R e p e a t the p r o c e d u r e f o r n e g a t i v e dead 
space w i t h a n e g a t i v e i n p u t e q u a l t o the d e s i r e d n e g a t i v e dead space a m p l i t u d e . T h e f e e d 
b a c k r e s i s t o r m a y t h e n b e r e m o v e d a n d r e p l a c e d w i t h the d e s i r e d f e e d b a c k e l e m e n t . 

B . 12. 9 M o d e l 9560 A b s o l u t e . V a l u e 

T h e 9560 M o d u l e i s a n a c t i v e n e t w o r k t o g e n e r a t e the p o s i t i v e a b s o l u t e v a l u e o f b o t h p o s 
i t i v e and n e g a t i v e i n p u t s . I t c o n t a i n s a n i n t e r n a l i n v e r t e r a m p l i f i e r t o p r o v i d e t h i s c a p 
a b i l i t y . I t i s p l u g g e d t o a p a t c h p a n e l and p r o g r a m m e d a s s h o w n i n F i g u r e 1 2 - 8 . 

F i g . 1 2 - 8 
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4. GP-6 CIRCUIT DIAGRAMS 

F i g u r e 5-1 is a l a y o u t of GP-6 a s s e m b l i e s . Please r e f e r to S e c t i o n 2 f o r a w i r i n g 
schematic and d e s c r i p t i o n o f system o p e r a t i n g f u n c t i o n s . R e f e r t o i n d i v i d u a l draw
ings f o r i n f o r m a t i o n c o v e r i n g a s s e m b l i e s . 

I n p u t summing r e s i s t o r s f o r i n t e g r a t o r a n d summer a m p l i f i e r s a r e l o c a t e d on t h e 
R e s i s t o r N e t w o r k B o a r d s . R e s i s t o r s a r e 5.00K a n d 50.0K ohms, m e t a l f i l m , 0 . 1 % . 

C o l o r c o d i n g o f p o w e r w i r i n g i s : +15V -Red; -15V - W h i t e ; -10V - Y e l l o w ; 
+ 10V - O r a n g e ; G r o u n d - B l a c k . 

Figure 5.1 

The f o l l o w i n g i s a p a r t s l i s t f o r t h e GP-6 s y s t e m . Component p a r t s l i s t s a r e f o u n d 
w i t h i n d i v i d u a l a s s e m b l y d r a w i n g s . 

CQMDYNA, Inc. 

D e s c r i p t i o n 
Patch p a n e l j a c k s 
Rear t e r m i n a l s 
Y/Pot Address s w i t c h 
X Address s w i t c h 
Mode S e l e c t o r s w i t c h 
Mode C o n t r o l s w i t c h 
P i l o t l i g h t 
O v e r l o a d i n d i c a t o r 
C o e f f i c i e n t p o t e n t i o m e t e r s 
Compute Time/Power s w i t c h 
AC power r e c e p t a c l e 
F u z e h o l d e r 
Fuze, AC power 
Amp. & Timer b o a r d c o n n e c t o r s 
Power s u p p l y c o n n e c t o r 
DVM & M u l t i p l i e r c o n n e c t o r s 
B a r r i e r s t r i p 
B a r r i e r s t r i p jumpers 

M a n u f a c t u r e r 
E.F. Johnson 
E.F. Johnson 
C e n t r a l a b 
C e n t r a l a b 
C e n t r a l a b 
S w i t c h c r a f t 
L e e c r a f t 
L e e c r a f t 
C.T.S. 
C.T.S. 
Tower Mfg. 
L i t t l e fuze 
L i t t l e fuze 
Amphenol 
Amphenol 
Amphenol 
TRW 
TRW 

P a r t Number 
108-09..-001 
111-01..-001 
PA-100 5 
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PA-1029 
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VA 45D 
GC-45-8D 
1061-2 
372001 
8 AG 1 amp. 
143-022-01 
143-012-01 
143-010-01 
10-164 
1 4 0 - J - l 



911-2 QUAD AMPLIFIER ASSEMBLY 

The 911 b o a r d p r o v i d e s two s i n g l e i n p u t , h i g h g a i n o p e r a t i o n a l a m p l i f i e r s and two h i g h 
g a i n o p e r a t i o n a l a m p l i f i e r s w i t h e l e c t r o n i c s w i t c h / i n t e g r a t o r n e t w o r k s . 

A m p l i f i e r s A and D a r e t h e s i n g l e i n p u t a m p l i f i e r s . The p a t c h p a n e l summing j u n c t i o n s 
are c o n n e c t e d d i r e c t l y t o t h e i n v e r t i n g bases. Balance i s o b t a i n e d b y b i a s i n g t h e 
summing j u n c t i o n s w i t h p o t e n t i o m e t e r s P4 and P3 t h r o u g h v o l t a g e d i v i d e r s R15 and R15 
t o the n o n - i n v e r t i n g bases. B a c k - t o - b a c k d i o d e s D1 and D2 o f f e r p r o t e c t i o n by l i m i t 
i n g summing j u n c t i o n p o t e n t i a l . C a p a c i t o r s C1 m i n i m i z e p e a k i n g and t h e r e b y i n c r e a s e 
s t a b i l i t y . 

A m p l i f i e r s B and C are a m p l i f i e r s w i t h e l e c t r o n i c s w i t c h / i n t e g r a t o r n e t w o r k s . The 
e l e c t r o n i c s w i t c h e s c r e a t e two summing j u n c t i o n s , SJ and SJ'. When the s w i t c h c o n t r o l 
i n p u t (OP) i s a l o g i c 0 summing j u n c t i o n SJ' i s a c t i v e ; w i t h a l o g i c 1 summing j u n c 
t i o n S J i s a c t i v e . 

The i n t e g r a t i n g c a p a c i t o r s a r e c o n n e c t e d t o t h e SJ summing j u n c t i o n s t h u s an i n t e g r a 
t o r i s programmed b y p a t c h i n g a n a m p l i f i e r o u t p u t t o a c a p a c i t o r i n p u t . There are two 
c a p a c i t o r i n p u t s (B and .1B) t h a t o f f e r a 10:1 t i m e s c a l e s e l e c t i o n . The Time Scale 
Relay p r o v i d e s f o r t h e t i m e s c a l e change (400:1) r e q u i r e d f o r slow t i m e and r e p e t i t i v e 
o p e r a t i o n . Where t h e r e p e t i t i v e o p e r a t i o n f e a t u r e i s p r o v i d e d t h e r e p e t i t i v e opera
t i o n c a p a c i t o r s are c o n n e c t e d d i r e c t l y t o t h e summing j u n c t i o n . Slow t i m e c a p a c i t o r s 
p a r a l l e l t h e r e p e t i t i v e o p e r a t i o n c a p a c i t o r s when the r e l a y i s e n e r g i z e d . ( A p p l i c a 
t i o n o f -10 v o l t s t o t h e Relay i n p u t e n e r g i z e s t h e r e l a y . ) 

S i g n a l s w i t c h i n g is p e r f o r m e d by N-channel FET t r a n s i s t o r s Q6 t h r o u g h Q8. T r a n s i s t o r s 
Q1 t h r o u g h Q5 are t h e FET s w i t c h d r i v e r s . Q6 is t h e H o l d s w i t c h . (Q6 has an on r e 
s i s t a n c e o f l e s s than 30 ohms t o m i n i m i z e summing e r r o r s . ) V o l t a g e d i v i d e r r e s i s t o r s 
R14 and R7 are s e l e c t e d so t h a t when OP i s g r e a t e r t h a n -3 v o l t s Q1 c o n d u c t s and Q6 
i s on; when OP i s l e s s t h a n -1 v o l t Q6 i s s h u t o f f . Q7 i s t h e shunt s w i t c h ; Q8 i s the 
SJ s c r i e s s w i t c h and Q9 is t h e SJ' s e r i e s s w i t c h . T a b l e 5-1 shows t h e s w i t c h s t a t e s 
f o r t h e O P l o g i c i n p u t s . FET t r a n s i s t o r s c o n d u c t w i t h zero g a t e v o l t a g e and shut o f f 
w i t h a p p r o x i m a t e l y -7 v o l t s g a t e v o l t a g e . Diodes D1 and D2 l i m i t t h e p o t e n t i a l s o f SJ 
and SJ' and t h e r e f o r e l i m i t t h e FET s o u r c e t o d r a i n p o t e n t i a l . 

High impedance FET i n p u t s are p r o v i d e d w i t h d u a l , matched FET t r a n s i s t o r s Q10. The 
d r a i n o f one FET i s c o n n e c t e d t o t h e i n v e r t i n g base w h i l e t h e o t h e r i s c o n n e c t e d t o 
t h e n o n - i n v e r t i n g base. The FET g a t e s a r e t h e a m p l i f i e r i n p u t s . Balance i s o b t a i n e d 
by b i a s i n g t h e n o n - i n v e r t i n g bases w i t h p o t e n t i o m e t e r s P1 and P2 t h r o u g h v o l t a g e d i v i 
der r e s i s t o r s R15 and R16. 

C a p a c i t o r C1 o f f e r s p e a k i n g c o m p e n s a t i o n f o r t h e S.J summing j u n c t i o n . S i m i l a r compen
s a t i o n f o r the SJ' summing j u n c t i o n i s fo u n d on t h e i n p u t r e s i s t o r n e t w o r k b o a r d s . 

BALANCING 
To b a l a n c e a m p l i f i e r s A and D p a t c h r e s i s t o r feedbacks and a d j u s t p o t e n t i o m e t e r s 
P 3 and P 4 u n t i l the a m p l i f i e r o u t p u t s a r e zero p o t e n t i a l . 

A m p l i f i e r s B and C s h o u l d be b a l a n c e d as i n t e g r a t o r s . Program the a m p l i f i e r s as i n 
t e g r a t o r s and p l a c e t h e GP-6 i n t o t h e r e p e t i t i v e o p e r a t i o n mode. A d j u s t p o t e n t i o 
meters P1 and P2 u n t i l t h e a m p l i f i e r o u t p u t s show a zero i n t e g r a t i o n c o n d i t i o n . 

COMDYNA, Inc. 
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Assembly Diagram P a r t s L i s t 

Note: When Hold I n h i b i t <-1V, Q6 
remains ON. 

1458 a m p l i f i e r 

* p r e c i s i o n i n t e g r a t i n g c a p a c i t o r s 

T a b l e 5-1 

C i r c u i t Schematic 
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Assembly Drawing P a r t s L i s t 

C i r c u i t Schematic 
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116-2 POWER SUPPLY 

The 116-2 Power Supply p r o v i d e s p l u s and minus 15 v o l t s , p l u s and minus 10 v o l t s , 
Vcc ( p l u s 5 v o l t s ) and B+ ( p l u s 200 v o l t s ) power. 

Plus and minus 15 v o l t s a r e r e g u l a t e d s u p p l i e s w i t h 150 ma each c u r r e n t c a p a c i t y . 
Plus and minus 1 0 v o l t s i s a p r e c i s i o n t r a c k i n g r e f e r e n c e . Vcc i s a r e g u l a t e d l o g i c 
s u p p l y . B+ is an u n r e g u l a t e d neon d i s p l a y s u p p l y . 

The r e g u l a t e d s u p p l i e s use t h e 78MGT and 79MTG programmable r e g u l a t o r s . The 78 i s a 
p o s i t i v e r e g u l a t o r ; t h e 7 9 i s a n e g a t i v e r e g u l a t o r . I C 1 g e n e r a t e s p l u s 1 5 v o l t s w i t h 
programming r e s i s t o r s R1 and R2. IC 4 s i m i l a r l y g e n e r a t e s minus 15 v o l t s w i t h r e s i s 
t o r s R3 and R4. IC 3 r e q u i r e s o n l y a s h o r t i n g c o n n e c t i o n to g e n e r a t e p l u s 5 v o l t s . 

IC's 2 and 5 are a r r a n g e d i n a t r a c k i n g c o n f i g u r a t i o n t o g e n e r a t e p r e c i s i o n r e f e r e n c e . 
N e g a t i v e 1 0 v o l t s r e f e r e n c e i s f i x e d ; p o s i t i v e 1 0 v o l t s r e f e r e n c e t r a c k s . 

Reference A d j u s t m e n t s 
P o t e n t i o m e t e r P 2 a d j u s t s t h e v a l u e o f n e g a t i v e 1 0 v o l t s . P o t e n t i o m e t e r s h o u l d h e 
a d j u s t e d s o t h a t t h e sum o f n e g a t i v e and p o s i t i v e r e f e r e n c e s e q u a l s z e r o . 



933-2 TIME BASE 

The 933 assembly p r o v i d e s a t i m e base f o r b o t h slow t i m e and r e p e t i t i v e o p e r a t i o n . 
The slow t i m e base is used f o r t h e X i n p u t to an XY r e c o r d e r ; t h e r e p e t i t i v e o p e r a t i o n 
t i m e base i s used f o r t h e h o r i z o n t a l i n p u t t o a d i s p l a y o s c i l l o s c o p e . A monostable 
r e s e t f e a t u r e i s p r o v i d e d f o r t h e r e p e t i t i v e mode c o n t r o l l o g i c . 

The t i m e base i n t e g r a t o r ( a m p l i f i e r B) employs a c i r c u i t s i m i l a r t o t h a t f u r n i s h e d f o r 
t h e p a t c h p a n e l i n t e g r a t o r s . P lease r e f e r t o t h e 911 Quad A m p l i f i e r d r a w i n g f o r a de
t a i l e d d e s c r i p t i o n o f the i n t e g r a t o r o p e r a t i o n . 

An e x t e r n a l l o g i c command (OP) c o n t r o l s t h e t i m e base i n t e g r a t o r . A l o g i c 0 (ground 
or p o s i t i v e v o l t a g e ) p l a c e s t h e i n t e g r a t o r i n t o an i n i t i a l c o n d i t i o n s t a t e ; a l o g i c 1 
( l e s s t h a n -1 v o l t ) p l a c e s t h e i n t e g r a t o r i n t o an o p e r a t e c o n d i t i o n . When used w i t h 
t he GP-6 t h e slow t i m e base i s c o n t r o l l e d by t h e manual push b u t t o n mode c o n t r o l 
s w i t c h e s ; t h e r e p e t i t i v e o p e r a t i o n t i m e base i s c o n t r o l l e d by t h e r e p e t i t i v e mode 
c o n t r o l l o g i c . 

Two s e p a r a t e i n p u t s e n a b l e one i n t e g r a t o r to be used f o r slow t i m e and h i g h speed re 
p e t i t i v e o p e r a t i o n . I n b o t h cases c a p a c i t o r C 3 i s t h e i n t e g r a t o r f e e d b a c k . 

The r e p e t i t i v e mode c o n t r o l monostable i s g e n e r a t e d w i t h a m p l i f i e r s C and D. A m p l i 
f i e r C compares the t i m e base w i t h +10 v o l t s . When t h e t i m e base exceeds +10 v o l t s 
t h e o u t p u t s w i t c h e s from p l u s t o minus s a t u r a t i o n . A m p l i f i e r D i s t h e n s w i t c h e d t o 
p l u s s a t u r a t i o n . C a p a c i t o r C 4 p u l l s t h e n o n - i n v e r t i n g base t o a p o s i t i v e p o t e n t i a l 
u n t i l i t i s d i s c h a r g e d t o ground p o t e n t i a l . Reset o f t h e t i m e base and p a t c h p a n e l 
i n t e g r a t o r s o c c u r s d u r i n g t h i s p e r i o d . The o u t p u t o f a m p l i f i e r C t h e n r e t u r n s t o 
n e g a t i v e s a t u r a t i o n . 



OPERATOR'S M A N U A L 

C a p a c i t o r s C1 and C2 and r e s i s t o r s R1 and R2 d e c o u p l e a m p l i f i e r s C and I) to e l i m i n a t e 
power s u p p l y d i s t u r b a n c e . 

A m p l i f i e r A i s the Compute Time P e r i o d a m p l i f i e r . (See p a r a g r a p h 2.3.4 f o r an 
o p e r a t i n g d e s c r i p t i o n . ) 

A d j u s t m e n t s 
1. The t i m e base i n t e g r a t o r i s b a l a n c e d i n t h e o p e r a t e mode w i t h a zero i n p u t . ( I t 

i s n o t e d t h a t t h e GE-6 slow t i m e push b u t t o n mode c o n t r o l removes t h e t i m e base 
i n p u t when t h e "IID" b u t t o n i s depre s s e d . The h o l d l o g i c (-3 v o l t s ) p l a c e s the 
ti m e base i n t e g r a t o r i n t o an o p e r a t e mode.) To b a l a n c e t h e t i m e base i n t e g r a t o r : 
1. M o n i t o r t h e t i m e base o u t p u t w i t h t h e d i g i t a l v o l t m e t e r o r n u l l m e t e r . 2. 
A l l o w t h e time base t o r u n u n t i l t he o u t p u t i s a p p r o x i m a t e l y z e r o . 3. Depress 
the "HD" push b u t t o n . 4. A d j u s t p o t e n t i o m e t e r E3 u n t i l zero d r i f t i s o b s e r v e d . 

2 . Slow t i m e and r e p e t i t i v e o p e r a t i o n t i m e base r a t e s are a d j u s t e d w i t h p o t e n t i o 
meters P1 and P2. Both are a d j u s t e d to match p a t c h p a n e l i n t e g r a t o r t i m e 
c o n s t a n t s . 
2.1 Program a p a t c h p a n e l a m p l i f i e r as an i n t e g r a t o r . A p p l y p o s i t i v e r e f e r e n c e 

as an i n i t i a l c o n d i t i o n . Patch n e g a t i v e r e f e r e n c e t o a c o e f f i c i e n t p o t e n t i o 
meter and p a t c h t h e w i p e r to a g a i n 1 i n p u t . Set t h e p o t e n t i o m e t e r to a s e t 
t i n g o f .200. The i n t e g r a t o r w i l l t h e n sweep from n e g a t i v e t o p o s i t i v e r e f 
erence in a 10 second p e r i o d . 

2.2 For the slow t i m e base a d j u s t m e n t observe ( w i t h an XY r e c o r d e r or o s c i l 
l o s c o p e ) the slow time o u t p u t of the above i n t e g r a t o r as a f u n c t i o n of the 
t i m e base. A d j u s t p o t e n t i o m e t e r P1 u n t i l t h e f u n c t i o n passes t h r o u g h the 
d i s p l a y ' s p o s i t i v e r e f e r e n c e - p o s i t i v e r e f e r e n c e c o o r d i n a t e . 

2.3 For t h e r e p e t i t i v e o p e r a t i o n t i m e base a d j u s t m e n t r e p e a t t h e above p r o c e d 
ures f o r t h e r e p e t i t i v e o p e r a t i o n mode. A d j u s t p o t e n t i o m e t e r P2 u n t i l the 
o s c i l l o s c o p e t r a c e passes t h r o u g h the p o s i t i v e r e f e r e n c e - p o s i t i v e r e f e r e n c e 
c o o r d i n a t e p o i n t . 

934 TIME BASE 

The 934 assembly p r o v i d e s a slow t i m e base o n l y and does n o t have t h e r e p e t i t i v e oper
a t i o n f e a t u r e . L i k e t h e 933 u n i t t h e i n t e g r a t o r employs a d u a l FET (Q5) i n p u t . Mode 
s w i t c h i n g i s d i f f e r e n t . C a p a c i t o r C 1 i s a permanent f e e d b a c k f o r a m p l i f i e r B . I n the 
o p e r a t e s t a t e t h e i n p u t FET (Q3) con d u c t s and t h e i n i t i a l c o n d i t i o n FET (Q4) i s shut 
o f f . I n t h e i n i t i a l c o n d i t i o n mode t h e r e v e r s e o c c u r s . 

The f u n c t i o n o f a m p l i f i e r A i s i d e n t i c a l t o t h e 933 assembly. 

B a l a n c i n g o f i n t e g r a t o r B and a d j u s t m e n t o f t h e t i m e base r a t e f o l l o w t h e same 
pr o c e d u r e s used f o r t h e 933 Time Base. 
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934 Time Base ( C o n t i n u e d ) 
Assembly Drawing P a r t s L i s t 

C i r c u i t Schematic 

970-1 OVERLOAD INDICATOR 

The 970-1 O v e r l o a d I n d i c a t o r compares e i g h t a m p l i f i e r o u t p u t s w i t h p o s i t i v e and nega
t i v e 10 v o l t s r e f e r e n c e . When any o u t p u t exceeds r e f e r e n c e a lamp d r i v e r c o n d u c t s . 

When a n e g a t i v e o v e r l o a d o c c u r s Q1 s h u t s o f f and Q2 c o n d u c t s . When a p o s i t i v e o v e r 
load o c c u r s Q 3 i s t u r n e d on, p u l l i n g Q 2 t o a n o n c o n d i t i o n . P o s i t i v e 1 5 v o l t s t h r o u g h 
an i n c a n d e s c e n t lamp i s p u l l e d t o ground when Q6 c o n d u c t s . R e s i s t o r R5, c a p a c i t o r C1 
and Q4 p r o v i d e a t e m p o r a r y l a t c h so t h a t momentary o v e r l o a d o u t p u t s are o b s e r v e d by 
the lamp i n d i c a t o r . 

A d j u s t m e n t s 
Apply a +10.5 v o l t l e v e l t o any a m p l i f i e r o u t p u t . (10.5 v o l t s p r o v i d e s a . 5 v o l t 
o v e r r a n g e . ) A d j u s t p o t e n t i o m e t e r P2 u n t i l t h e lamp i n d i c a t o r t u r n s on. Ap p l y a -10.5 
v o l t l e v e l and a d j u s t P 1 . 
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982 - 1 DUAL MULTIPLIER NETWORK 

The 982 assembly p r o v i d e s two in d e p e n d e n t m u l t i p l i e r n e t w o r k s t h a t when used w i t h an 
e x t e r n a l o p e r a t i o n a l a m p l i f i e r can be programmed as a m u l t i p l i e r , d i v i d e r , s q u a r e r 
and square r o o t e x t r a c t o r . 

Two i n p u t s ( X i n and Y i n ) a r e m u l t i p l i e d b y i n t e g r a t e d c i r c u i t I C t o produce a v o l t a g e 
o u t p u t p r o p o r t i o n a l t o t h e p r o d u c t X*Y. The v o l t a g e o u t p u t i s c o n v e r t e d t o a c u r r e n t 
s ource by r e s i s t o r R1. The c u r r e n t source "SJ" i s a p p l i e d t o t h e summing j u n c t i o n o f 
an o p e r a t i o n a l a m p l i f i e r . The u n i t i s s c a l e d so t h a t when programmed as a m u l t i p l i e r 
w i t h f u l l s c a l e 10 v o l t X and Y i n p u t s and a 50 K ohm a m p l i f i e r f e e d b a c k , t h e m u l t i -
p l i e r o u t p u t i s 1 0 v o l t s . 

A d j u s t m e n t s 
Each n e t w o r k i s o r i g i n a l l y a d j u s t e d a t t h e f a c t o r y . The n e t w o r k s s h o u l d , however, be 
checked and r e a d j u s t e d , i f n e c e s s a r y , d u r i n g t h e i n i t i a l c h e c k o u t . T h e r e a f t e r the 
networks s h o u l d be periodically checked t o assure t h e i r most a c c u r a t e o p e r a t i o n . 
About 10 - 20 mi n u t e s s h o u l d be a l l o w e d f o r warm-up b e f o r e a d j u s t i n g o r c h e c k i n g . 

A d j u s t m e n t c o n s i s t s o f zero o f f s e t b a l a n c i n g and a t r i m f o r g a i n and l i n e a r i t y . The 
suggested p r o c e d u r e s f o r a d j u s t m e n t are a s f o l l o w s : 

1. Program t h e n e t w o r k as a m u l t i p l i e r w i t h a s t a n d a r d g a i n 1 (50 K ohm) feedback. 

2. W i t h i n p u t s X and Y p a t c h e d to ground a d j u s t p o t e n t i o m e t e r Pz f o r a zero o u t p u t . 

3. Program an i n t e g r a t o r t o sweep from minus t o p l u s 10 v o l t s r e f e r e n c e . ( f o r con
v e n i e n c e make a l l a d j u s t m e n t s i n t h e r e p e t i t i v e o p e r a t i o n mode.) D i s p l a y t h e mul
t i p l i e r o u t p u t vs. the ramp. Patch t h e ramp t o t h e Y i n p u t ; t h e X i n p u t s h o u l d 
remain p a t c h e d t o ground. A d j u s t p o t e n t i o m e t e r P x u n t i l a b e s t zero c u r v e i s 
o b t a i n e d . 

4. Reverse t h e X and Y i n p u t s . A d j u s t p o t e n t i o m e t e r Py u n t i l a b e s t zero c u r v e i s 
o b t a i n e d . 

5. R e a d j u s t Pz if n e c e s s a r y . 

6. Patch Reference t o t h e X i n p u t and t h e ramp t o t h e Y i n p u t . Sum t h e m u l t i p l i e r 
o u t p u t w i t h t h e c o r r e c t p o l a r i t y o f t h e ramp so t h a t an e r r o r c u r v e i s d i s p l a y e d . 
A d j u s t p o t e n t i o m e t e r Pg u n t i l a be s t e r r o r c u r v e i s o b t a i n e d . Reverse the X and Y 
i n p u t s and check t h e e r r o r c u r v e . Check t h e e r r o r c u r v e w i t h the o p p o s i t e p o l a r 
i t y Reference f o r b o t h c o m b i n a t i o n s o f i n p u t s . T r i m p o t e n t i o m e t e r P g u n t i l the 
best e r r o r c u r v e s f o r a l l f o u r c o m b i n a t i o n s o f i n p u t s are obtained.. 

COMDYNA,Inc. 
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905 DIGITAL VOLTMETER 

The 905 assembly i s a d i g i t a l v o l t m e t e r t h a t f u n c t i o n s as a r a t i o m e t e r o f i n p u t v o l t 
ages t o computer r e f e r e n c e . The f u l l s c a l e 1.000 r e a d i n g i s a u n i t y r a t i o o f the i n 
put t o the r e f e r e n c e v a l u e . For normal o p e r a t i o n t h e 1.000 r e a d i n g i s e q u i v a l e n t t o 
10.00 v o l t s . 
The S i l i c o n i x LD 110/LD 111 c o n v e r t e r s e t p r o v i d e s a l l a n a l o g and l o g i c f u n c t i o n s . 
f o r a d e t a i l e d d e s c r i p t i o n o f t h e i n t e r n a l f u n c t i o n s i t i s s u g g e s t e d t h a t t h e L D 110/ 
LD 111 a p p l i c a t i o n d a t a sheet be o b t a i n e d from S i l i c o n i x , I n c . The LD 110 ( I C 1) pro
v i d e s m u l t i p l e x e d l o g i c o u t p u t s . Q 4 & Q 5 a r e anode d r i v e r s f o r t h e t h r e e d i s p l a y 
d i g i t s ; IC 3 i s t h e decoder d r i v e r f o r t h e cathode segments. Q6 i s t h e o v e r r a n g e 
d r i v e r . Q7 and Q8 are p o l a r i t y i n d i c a t o r d r i v e r s . Q1 and Q2 p r o v i d e t h e c l o c k 
function. 

A d j u s t m e n t s 
With a zero i n p u t a d j u s t p o t e n t i o m e t e r P2 u n t i l the d i s p l a y shows a zero r e a d i n g . 

With a p l u s r e f e r e n c e (10 v o l t s ) i n p u t a d j u s t p o t e n t i o m e t e r P 1 u n t i l t h e d i s p l a y 
shows a +1 .000 r e a d i n g . 

COMDYNA, Inc. 




