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The  ana log  co rnpu te r  can  p rov ide  a .  pa t t e rn  d . i . sp lay  wh i ch  p resen ts  t he  so lu t i on  i n  a

v i sua l  f i gu re  such  as  t he  t h ree  -d i n - rens iona l  r ep re  sen ta t i on  o f  a  vo lu rne .

Th i s  i s  a  d i s t r i c t i ve  advan tage  f r o rn  t he  hu rnan  eng inee r i ng  po in t  o f  v i ew ,  and  t h i s

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

rnanual .
The  co rnpu ta t i on  o f  t he  vo lu rne  o f  cone  i s  desc r i bed  be low ,  i n  wh i ch  one  ha l f  o f  t he

vo lu rne  i s  ca l cu la ted  and  t he  r i gh t  so lu t i on  sha l l  be ,

\ T
h

.l
r

= ; X
v  - Z h' f r - { o t , w i t h r = h = I )

V ,  =  0 . 5 0 2
n

Wi th  an  ana log  co rnpu te r ,  pa t t e rn  d i sp lays  by  h igh  speed  co rnpu ta t i on  i s  poss ib l e ,

whj .ch is  a l rnost  i rnposs ib le  wi th  an d ig i ta l  cornputer ,  a l though a so lu t ion by an analog

co rnpu te r  r nay  con ta in  an  e r ro r  o f  app rox i rna te l y  O .Z fo .  )F

, ' ;No te :  Th i s  e r ro r  i s  p roduced  by  non - l i nea r  ope ra t i ons  such  as  ca l cu la t i ons  o f

squa re  and  squa re  roo t .

In  th is  exarnp le ,  the analog cornputer  is  used in  a  low speed operat ion in  order  that

t he  so lu t i ons  can  be  g i ven  by  a  pen  reco rde r  as  we l l  as  by  a  pa t t e rn  d i sp lay .  F foweve r ,

p a t t e r n  d i s p l a y s  a s  n r a n y  a s  1 0 0  t o  1 , 0 0 0  t i r n e s  p e r  s e c o n d  c a n  b e  o b t a i n e d  i f  t h e  r e s e t

and  t he  co rnpu te  t i r ne  i s  con t ro l l ed  by  t he  osc i l l oscope ,  t he  t i r ne r  o r  t he  l og i c  e l e rnen ts .

Wi th  a  rnodi f ica t ion on the b lockd iagrarn g iven in  th is  exarnp le ,  a  pat tern d isp lay

can  be  eas i l y  ob ta ined  i n  wh i ch  t he  rad ius  r r r r t  o f  t he  base  o f  t he  cone  o r  t he  he igh t  r r h t t

o f  t he  cone  i s  chosen  as  t he  pa ra rne te r .

Th is  exarnp le  i l lus t ra tes the fo l lowing three of  the var ious features o f  HITACHI
5 0 5 .

Independen t  con t ro l  o f  each  i n teg ra to r .

Z .  Ope ra t i on  on  rnu l t i p l e  t i r ne  axes .

3 .  P a t t e r n  d i s p l a y s .

Exarnp le  o f  Analys is  -  Double  In tegra l

The vo l -urne of  a  cone is  pat tern-d isp layed

by rneans of  rnu l t ip le  t i rne axes operat ions.

Equation

Wi th  t he  coo rd ina tes  se lec ted  as shorvn in  F igure l , t he  equa t i on  o f  a  cone  i s ,

* z  + y z  = k z  t z ( 1 )

w h e r e ,

h:  he ight  o f  the cone

r :  r ad ius  o f  t he  base  o f  t he  cone
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F r o r n  e q u a t i o n  ( 1 ) ,

Y = 1

In  equa t i on  (3 ) ,  t he  he igh t  o f  t he  cone  i n  re fe rence  t o  x  -  z  p l ane  i . s

Since the cone is  syrnrnet r ica l  to  x  -  z  pLane,  the vo lurne of  the

of  the p lane ( for  exarnp le ,  in  the extent  y  >
th i s  exa rnp le ,  t he  ca l cu la t i on  i s  pe r fo r rned  f o r  y  - -  0 .

T h e  a r e a  5 6  o f  a  c r o s s  s e c t i o n  p a r a l l e l  t o  t h e  b a s e ,  f o r  t h e . h a l f  o f

i s  g i ven  by  t he  f o l l ow ing  equa t i ons .

( 3 )

q,
v11

For  the ca lcu la t ion o f  the vo lurne of  the cone,  the cone is  s l iced at  equal  in ter -

va l s  by  p lanes  pa ra l l e l  t o  t he  base  o f  t he  cone .

Each sect ion o f  the cone between twb ad jacent  p lanes is  approx i rnated by a

cy l inder ,  the vo lurne of  each cy l inder  is  ca lcu la ted,  and the vo lurne of  the cone is

obta ined as the sum of  those of  the cy l inders .

To apply  th is  rnethod of  ca lcu la t ion to  the ha l f  (y  >  0)  o f  the cone,  w€ have the

fo l l ow ing  equa t i ons  f o r  t he  vo lu rne  o f  a  sec t i on ,  AVh .

n V f ,  =  L Z '  S h  = n

The total volurne Vh of the half

g iven by the fo l lowing equat ion.
o f  the  cone ,  w i th  the  nu rnber  o f  sec t ions 1 S

N - l
vh =.

n = 0

This  is ,  the t rue vo lurne is  obta ined by a  double

cornputer ,  the ca lcu la t ion wi th  N* 'o  can not  be

equa t i on  (6 )  i . s  so l ved  i n  an  ana log  co rnpu te r .

g l v e n .

cone on one s ide

volurne V. In

the  cone  ( y  >  0 ) ,

dx ( 6 )

o r

i n t eg ra l  ca l cu lus .  I n  an  ana log

pe r fo r rned .  O r  s t r i c t l y  sPeak ing ,
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The t rue vo lurne can be obta ined by an in f in i te nu rnbe r  o f  d i v i s i ons ,

vh = lirn
II> oc
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2 . Equa t i ons  f o r  t he  ca l cu la t i on  i n  t he  co rnpu te r

To  s i r np l i f y  t he  p rob le rn ,  t i r e  ca l cu la t i on

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

o f  the  vo lu rne  o f  a c o n e r v i t h r = h = l

Fro rn  equa t i on  (Z ) ,  i t  l o l l ows  t ha t

E q u a t i o n  ( 6 )  c a n  b e  e x p r e  s  s e d  a s ,

\/
rI

T h e  s c a l e s  o f  t h e  v a r i a b l e s  a r e  c o n v e r t e d  o n  t h e  b a s i s

p e r f o q r n e d  i n  0 .  Z  s e c o n d  a n d  t h e  s u r n r n a t i o n  i s  d o n e  i . n

a r e  s h o w n  i n  t h e  f o l l o w i n e  t a b l e .

k = * = 1
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( 8 )

t ha t  an  i . n teg ra t ion  w i . th  x

I 0 0  s e c o n d s .  T h e  s c a l e s

i s

Equa t i on  (8 )  exp ressed  i n  t e r rns  o f  t he  co rnpu te r  va r i ab les  i s ,
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For  the ca lcu la t ion t i rne
Z 5 O ,  e q u a t i o n  ( 9 )  i s ,

To  =  I 00  seconds ,  and  t he  nu rnbe r  o f  d i v i s i ons

I
z 5

by  t he  ana log  co rnpu te r .

- 3 -

[un] = dt

Va r i ab le

inequat ion

As surned rnax i

rrlurrr value
S c a l e  f a c t o r

Cornpute r

va r i ab le

X + l + 1 0  t i r n e / l e n g t h Ir ot ]
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E q u a t i o n  ( I 0 )  i s  c a l c u l a t e d

( t 0 )
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P a t t e r n  d i s p l a y  c i r c u i t  {

T h i s  i s  a  c o n v e r s i o n  c i r c u i t  f o r
ro ta t i ng  x ,  y ,  and  z  axes  by  0o

o s c o p e

?t

d i sp lay ing  a  t h ree  d i r nens iona l
and  o "

f i gu re  o r l  X -Y  axes ,

Z

Y

Ci rcu i t  gene ra t i ng  RS  and  CP  t i r ne  o f  0 .2  seconds .

0 . I

>i< I The output  o f  the in tegrator  is  shown in  the f igure be low.

+ 0 .  I

0

- 0 . I

,i.Z Reset  and cornpute
c  on tac t .

R E S E T  
O '  I

SIGNA L 
O

0 . 1
COMPUTE
SIGNAL O

s igna l s  i n  t he  f i gu re  be low  a re  gene ra ted  by  t he  re l ay

t o  R Y  o f  g r o u P  A  i n t e g r a t o r s

CP

R S

>i.Z

+  1  R S ;  R E S E  T

C P ;  C O M P U T E

lR'sE'l F;sEl I

t [""----;q F,,"fi]

O s c i l  I

0 .

Vo l tage
c or r rpar  a tor
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4 . Cornput ing e lernents  requi red

Dual  DC arnp l i f ie r ;

?  un i t  s  (Of  14 Arnp l i f  ie  r  s  ;  I  3

D A -  1 5 1  o r  D A -  I 5 l A

ernp loyed in  the cornputat ion.  )

Dua l  I n teg ra to r ;

.  Z  un i ts .  (Of  4  In tegrators ;  a l l  e rnp loyed in  the cornputat ions.  )

I N - I 5 l  o r  I N - 1 5 3

Potent iorneter  panel ;

I  panel  (o f  18 Potent iorneters ;  I1  ernp loyed ' in  the cornputat ion.  )

P T  - Z 5 L

Potentiorneter patching units ;

3  u n i t s  P T - 1 5 1

Vo l t age  co rnpa ra to rs ;

I  un i t  (o f .  4  cornparators ;  2  ernp loyed in  the cornpufat ion)

C P -  l 5 I ,  C P -  I  5 2  o r  C P -  1 5 3

Square funct ion generator  ;

I  un i t  (o f .4  Funct ion generators ;  3  ernp loyed in  the cornputat ion.  )

FG-  L54A

5 - l

5 - Z

So lu t i on  (Cha r t  o f  pen  reco rde r )

So lu t i on  (D i sp lay  on  osc i l l oscope )
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5-2 Solutlon (Pattenr dlsPlaY)

&ranple of oal.eulatlon vlth

N = 2 5 O

- x

ErmpJ.e of cal.slr.latlon nlth

N = 25 (for refer"enoe)
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