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I
Pipe ) 'Tet rv  ork  S imulator

In  order  to  s tudy new p lanning,  improvement  and supply ing method of  water  supply  p ipe

ard gas p ipe,  i t  is  des i rab le  that  the re la t ion among the pressure wi th in  the p ipe,  the amount

o i  f low' ,  e tc .  can be readi ly  analysed.  For  such a purpose,  the p ipe network s imulator  is
made.  In  the ca lcu la t ion o f  pressure wi th in  the p ipe network and the f low,  the numer ica l
i n teg ra t l on  me thod  based  on  repe t i t i ve  ca l cu la t i ons  we re  made .  Th i s  ca l cu la t i on  wh i ch  was

done b1-  the d ig i ta l  computer  can a lso be ca l led s imulat ion,  but  in  th is  ar t ic le ,  an exp lana-
t ion on exc lus ive s imulat ion in  which d i rect  s imulat ion is  employed wi l i  be g iven.

As for  the d i rect  s imulat ion s imulator ,  an e lect r ica l  c i rcu i t  ident ica l  to  the p ipe network
i s  p repa red  and  t he  cu r ren t  i s  made  to  co r respond  to  t he  f l ow  and  t he  vo l t age  i s  made  to  co r -
respond to  the pressure d i f ference.  There are the fo l lowing advantages in  compar ison wi th
the numer ica l  in tegrat ion.

(1)  The ca lcu la t ion speed is  fas t .  Calcu la t ions which obta in  the s ta t ionary  condi t ion o f  the
current  and pressure can be obta ined at  once.  The response of  each por t ion in  re la t ion
wi th  the changes in  load and supply  condi t ions wi th  the e lapse of  t ime can be found eas i ly .

(2)  The s imulated c i rcu i t  network  is  connected in  the same layout  (phasewise)  wi th  the actua l
p ipe network,  so the set t ing o f  prob lems can be done in tu i t ive ly .

S ince the so lu t ions appear  in  para l1e l  on the meters ,  the overa l l  f low and pressure d is-
t r i bu t i on  can  be  seen  a t  a  g l ance .  I n  case  p i l o t  l amps  a re  used  as  t he  p ipe  e lemen ts ,  i n
p lace  whe re  t he  l oss  i s  g rea t ,  t he  l amps  w i l l  sh ine  b r i gh t l y .  The re fo re ,  such  p laces
can be ident i f ied a t  once.

I t  is  econgmica l  (Of  course th is  depends a great  deal  on the prec is ion and the sca le  o f  the
machine) .  From the var ious po in ts  ment ioned above,  such s imulators  are more su i tab le
i f  the person who uses the s imulators  per forms var ious t r ia ls  whi le  observ ing the resu l ts ,
then conducts  the opt imum des ign ing,  or  makes the opt imum supply ing program.

On the other  hand,

/ 1 \  T f  + L - ^  ^ - . ^ + ,\ r /  r r  L r l c  >y>u€ rn  wh i ch  you  w i sh  t o  s imu la te  becomes  J -a rge ,  t he  s imu la to r  w i l l  a l so  become
1arge,  propor t iona l ly .

(2)  I t  lacks f lex ib i l i ty ,  Needless to  say,  i t  cannot  be used for  purposes other  than ca lcu la t ions
fo r  p i pe  ne t r vo rks .  Fu r the rmore ,  even  i n  case  i t  i s  app l i ed  f o r  t he  ca i cu la t i on  o f  p i pe
ne t ' . \ ' o t - ks ,  i f  t he  accu racy  o r  sca le  exceeds  t he  l im i t s  even  s l i gh t l y ,  t he  p rob lem can  no
^ o n l . r  i r -  i : ' . a - r - S e d .

I n  a i i i t i o n  l o : i - . e  a b o ' . - e ,  e - , ' e : - ]  i f  t h e  a s s u m p t i o n  i s  c h a n g e d  s l i g h t I l ' ,  i t  r i ' i l l  b e c o m e  v e r y
- : :  - ' , ' j  ^ ' - - . . d - " - S e .

( 3 )

( 4 )

T h e  a b o . . - e  l o i r - r t s  a r e  E i v e r  a s  c i e i e c t s .
d i s a d v a n t a g e s  a r e  r e v e r s e d .  B e s i c i e s
c o n s i d e r  e d .

3 -1 .  P r i nc ip l e  o f  t he  P ipe  Ne t r vo rk

T h e  r e l a t i o n  b e t w e e n
ing  t h rough  the  p ipe  can  be

H  =  k o Q '

I r  case  o f  t he  d ig i t a l  compu te r ,  t he  advan tages  and
the  abo r -emen t i oned  t vpes ,  hyb r i d  sys tems  a re  a l so

the amount  o f  f low Q and the pressure d i f ference H of  the f low pass-
exp ressed  as  f o l l ows :

(27 )

(Some t imes  f o r  H  t he  d i f f e rence  be tween  the  squa res  o f
acco rd ing  t o  t he  equa t i ons  i n  mos t  cases ,  1 .  B5  o r  2  a re
n ined  by  expe r imen ts .  Fo r  i ns tance ,  i n  case  n  =  1 .  85
I l agen rs  equa t i on  shown  be low  i s  used .

the pressures is taken) Al though n var ies
used. l t r  is  a constant which is deter-
is used for the water pipes, Wi l l iam-
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On the other  hand,  as i t  is  wel l  known,  the foL lo ' ' r ' ing

the vo l tage in  the e lect r ica l  c i rcu i t  net rvork .

E = R I

I f  t he  res i s tance  changes  w i t h  t he  amoun t  o f  Cu r ren r ,  l i r i  - . ' : -

ance  w i l l  be  non - l i nea r  f unc t i on  o f  t he  e lec t r i ca l  cu r re r : : .  I :

i s  used ,  t he  f o l l ow ing  re l a t i on  can  be  sa t i s f i ed

E  -  K I N

and  th i s  w i l l  be  s im i l a r  t o  t he  re l a t i on  u ' h i ch  e r i s t s  : : :

d i f f e r e n c e  ( o r  t h e  d i f f e r e n c e  i n  t h e  s q u a r e s  o i  l i : e  l : ' i - . s s . : " . - j  j - . -  '  : l

Fur thermore,  no mat ter  r ,vh ich in tersect io : ' r  o i  :

t ion o f  the water  or  gas that  the f lou 'ec i  i r - r .  T : r .

e l ec t r i ca l  c i r cu i t  ne two rks ,  t he  sam e  eq ' - i a l i o r l

t h a t  l i e s  b e t w e e n  t h e  e l e c t r i c a l  c i r c u i t s  a : l : i  : : - '

r e t u r n  r o u t e .  H o w e v e r ,  a s  s h o t ' " n  i : r  F : : .  l '  ,

:  : ' : - :  - -  S  - - : : l  , r .  : - .  b g  Z e f  O .  I n

( 2 8 )

(2e )

(  3 0 )

C :
D :
- 0 :

. . : - .  - : s  o :  t h e  r e s i s t -
: : - - : : r e a l  r e s i s t a n c e

1  V L q r  I l  r  v u L U .  r r v v v  u  v  v r  t  a e  r

i f  t he  ou t s i de  p ressu re  (o r  s tanda rd  t l ' e ss  - : t -

o f  t he  po r t i on  used  i s  made  to  co r resDor l s  '  : -

t he  g round  po ten t i a l ,  and  i f  t he  o ress : l r ' . .  :

t he  f l u i d  i s  made  to  co r respond  u ' i t h  t r

mo t i ve  f o r ce ,  one  t o  one  co r resco inc , . ' : 1  3 ; .  ' l ' -  :

made  comp le te l y  w i t h  e l ec t r i ca l  c i r c ' - t i : s .

3 .2 .  Ope ra t i ona l  E lemen t  o f  P ipe  \ e tu .o r k

In  t he  abovemen t i oned  way ,  i n  o rde r  t o  : : a : : l : : -  -

wh i ch  w i l l  become  a  p rob lem f rom the  p rac - - i ca -  s :3 : - .  :

non - l i nea r  r es i s tance .  As  shown  be lo r t ' ,  r ' a r i o , : s  : :  : - - :

: t  = : ' . ' . ' ee r  t he  p ressu re
: - - -  -  - : : ' . :  o:  : io , . i ' ,
. '  ' '  .  - -  j s  n o  a c c u l u l a -

The  d i f f e rence
r o n r r i  r p q ,  I

P i p e  r e s i s t a n c e

c r  o f  P ipe  Ne two rk

: ' : ' . * : : on ience ,  t he  ma t te r
-  - : - e  : o r  t he  abovemen t i oned

\_-----l

(  1 )  The  Me thod  Us ing  Lamps

Acco rd ing  t o  Mc l l oy ' s  me thod  wh i ch  sho r i ' ed  t he  : : : - - . :  : ) : - ? - : :  : : - -  s ' - : c cess  f o r  p i pe  ne two rk

s imu la t i on ,  uses  t ungs ten  f i l amen t  l amps  fo r  t he  l i l e  : : ; : ' .  r . :  . : - ' - : t - . { : : t iS .  I n  t h i s  me thod ,  t he

change  i n  res i s tance  ow ing  t o  t empera tu re  r i se  i s  u t i - : z r - : .  l : . t  : c s :  o f  each  e lemen t  i s  l ow ,  and

the re  i s  f u r t he r  advan tage  t ha t  a  rough  i dea  o f  t he  D res - . - . : ' i i  - , s - .  : : r  be  ob ta ined  by  obse rv ing  t he

b r i gh tness  i n tens i t y  o f  t he  1amps ,  as  men t i oned  abo r -e .  T : . e  : : sa : i ' , - a r t age  o f  t h i s  me thod  i s  t ha t

t he  non - l i nea r i t y  i s  based  on  t he  phys i ca l  p rope r t l ' o f  t i : e  - a : : - . : r .  Thus ,  ad jus tmen ts  can  no t  be

made  and  t he  accu racy  w i l l  be  l im i t ed .  Fu r the rmore ,  i t  : s  : . ecessa ry  t o  p repa re  be fo rehand ,

va r i ous  k i nds  o f  l amps  wh i ch  w i l l  co r respond  to  a l l -  so r t s  o :  : > : ce  ne tu ' o r k  e l emen ts .

(2 )  The  Me thod  i n  wh i ch  Two  Te rm ina l  Func t i on  Gene ra to rs  a re  Used

D iode  Func t i on  Gene ra to rs  i n  ana log  compu te rs  e i t he r  comb ine  t he  b roken  l i ne  cha rac te r -

is t ics  o f  the d iode,  and g ive an arb i t rary  non- l inear  character is t ic  between the input  and output ,

o r  based  on  t he  same  concep t ,  r es i s tance  o f  two  t e rm ina l  c i r cu i t  can  be  made  to  be  se t  as  an

arb i t rary  funct ion o f  the voLtage at  both ends.
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i : - : : .  21  shows  th i s  P r i nc iP le .
l : .e  d iode is  b iased in  the normal  d i rect ion by the bat tery ,  the s ta te  o f  cont inu i ty  is  mainta ined,

: . rd  the c i . rcu la t ing cur rent  f lows in  the d i rect ion o f  the d iagram.  I f  the E for  the bat tery  o f

: he  reve rse  d i r ec t i on  i s  de te rm ined  adequa te l y ,

there rv i l l  be no vo l tage d i f ference between

termina l  1  and termina l  2 ,  and they wi l l  a 'c t

mere l y  as  a  res i s tance  i n  case  o f  ou t s i de  c i r cu i t s .

I n  case  t he  vo l t age  wh i ch  i s  added  to  t e rm ina l s  1

and  2  f r om the  ou t s i de  becomes  1a rge ,  each  t ime

i t  exceeds the bat tery  vo l tage,  the d iode connected

to that battery wil- l  enter a non-continuity state and

the  t o ta l  r es i s tance  w i l l  become  h igh .

In  actua l  pract ice,  a l ternat ing cur rents  are rect i -

f ied and used in  p lace of  the bat tery .  Thus,  i t  is

necessary  to  mainta in  h igh prec is ion by employ ing

a power  source s tab i l ized by feed back.  Fur ther-

more ,  s i nce  t h i s  i s  a  power  sou rces  wh i ch  a re

insu la ted for  d i rect  cur rent  sha l l  be used.

F i g .  2 r .

Fig.  22 sktows an example o f  t r ,vo termina l  funct ion generator  us ing t rans is tors .  At  th is  t ime,

the saturat ion character is t ics  shown by the t rans is tors  as i l lus t ra ted in  F ig .23 are u t i l i zedto

mainta in  the re la t ion shown in  Equat ion (30) .

Example o f  Two Termina l

Funct ion Generator

O

F ig .  22 .  Two  Te rm ina l  Func t i on
Generator  Employ ing
T rans i s to r  C i r cu i t

( 3 )  I n  Case  Func t i on  Gene ra to rs

o f  4  Te rm ina l s  a re  Used

F ig .  23  .  Cha rac te r i s t i c  s  o f
F i  p " .  2 2*  - b '

F ig .  24  shows  a  p ipe  ne two rk  s imu la to r  used  f o r  a l t e rna t i ng  cu r ren t .  The  cu r ren t  i  t vh i ch

f lor , r ,s  through the p ipe network is  detected by cur rent  t ransformer ,  rec t i f ied,  and made in to

a  vo l t age  wh i ch  i s  p ropo r t i ona l  t o  t he  cu r ren t .  A  non - l i nea r  cha rac te r i s t i c  i s  f o rmed  f r om

th i s  by  t he  f unc t i on  gene ra to r  SC  wh i ch  can  be  used  f o r  no rma l  ana log  compu te rs .  Subsequen t -

ly ,  i t  i s  modulated,  shaped,  then fed back to  the or ig ina l  branch b1-  t ransformer  T

F ig .  24 .  B lock  D iag ram o f  P ipe  E lemen t  Us ing

4  Te rm ina l  Func t i on  Gene ra to r

- 3 -



F ig .  25  shows  the  c i r cu i t  o f  such  f unc t i on  gene ra to rs .  A11  d iodes  used  a re  zene r  d i odes .
In  th is  c i rcu i t ,  the vo l tage of  Dr  to  Dn is  too
h igh,  and in  order  to  lower  th is  Eu and Dr ,  are
connec ted  i n  reve rse .  I f  su i t ab le  Zene r  vo l t -
ages  a re  ob ta ined ,  t h i s  may  be  om i t t ed .  As
for  the method in  rvh ich funct ion generators  o f
(2 )  and  (3 )  a re  used ,  even  i f  ba t t e r y  vo l t age  o r
Zener  vo l tage is  constant ,  by  making the re-
s is tance var iab le ,  the cur rent  and the vo l tage
cha rac te r i s t i c s  can  be  ad jus ted  a rb i t r a r i l y .
Fu r the rmore ,  by  i nc reas ing  t he  number  o f
pa ra11e l  c i r cu i t s ,  t he  requ i red  accu racy  can
be obta ined.  Hor ,vever ,  there is  the d isadvan-
tage of  the c i rcu i ts  get t ing too 1arge.
Bes ides  t he  p ipe  ne two rk  e l emen ts ,  l oad ,  pump
and  tanks  can  a l so  be  connec ted  l i ke  t he  ac tua l
sys tem.  The  l oad  can  be  s imu la ted  by  t he
res i s tance  o r  cons tan t  cu r ren t  dev i ce .
S imu la t i on  made  by  res i s tances  i s  d i r ec t l r .
ana logues to  the opening of  t l ' re  faucet  be ing
f i xed ,  and  t he  ou t f l o r v  n , i l L  change  i n  acco rdance , , r ' i t h  t i r e  c l - i anges  i n  D ressL r re  a t  bo th  ends .
S imu la t i on  made  by  t he  cons tan t  cu r ren t  c l e r - i c ' e  i s  d i r ec t l r -  ana iogues  t o  t he  use r  ad jus t i ng  t he
open ing  o f  a  f auce t  i n  acco rdance  \ \ , i t h  t i - r e  amoun t  o f  f l ou ' .
F  rom the  abovemen t i oned  s tandpo in t ,  t he  l a t t e r  i s  used  a  g rea t  dea l .  I n  add i t i on  t o  t he  above ,
by  i nse r t i ng  f unc t i on  gene ra to rs  hav ing  t he  same  p ressu re  f l ow  cha rac te r i s t i c s  as  t he  pump ,
tank,  and va lves a t  the i r  respect ive pos i t ions,  the p ipe network conta in ing such i tems can be
analys  ed.
The abovement ioned s imulators  are normal ly  used for  s imulat ion o f  constant  s ta te ,  and
mathemat ica l ly  speak ing,  i t  is  s imi lar  to  obta in ing the so lu t ion o f  a  non- l inear  a lgebra ic  equa-
t ion.  Even in  case of  what  is  ca l1ed dynamic s imulat ion,  i f  the condi t ions change together  wi th
t ime ,  i n  o the r  r vo rds ,  i n  case  t he  coe f f i c i en t  and  cons tan t  t e rms  o f  t he  a lgeb ra i c  equa t i on
changes  w i t h  t ime ,  i n  mos t  cases  ca l cu la t i ons  t o  see  hou , t he  so lu t i ons  f o l 1ow ,  a re  made .
P rob lems  o f  t r ans ien t  cond i t i o r - r s  i n  t he i r  t r ue  sense  can  be  ana l ysed  by  comb in ing  capac i t o r s
w i t h  t he  abovemen t i oned  s ta t i c  ope ra t i r - r q ' e l emen ts .  h t  such  a  case ,  good  f r equency  cha rac te r -
i s t i c s  a re  requ i red  f o r  t he  p i y re  ne tu ' o r l i  e l en - r cn t s ,  anc i  t } ' r e , \ o .2  me thod  i s  t he  p re fe rabJ -e
me thod .
As  f o r  t he  s imu la to r s  f o r  t h i s  t ; . pe  t ha t  a re  manu fac tu red  i n  Japan ,  t hose  hav ing  va r i ab le  f unc -
t i ona l  f o rms  have  seve ra l  t ens  o f  p i pe  e lemen ts .  The  f unc t i ona l  f o rms  can  be  changed  a rb i t -
r a r i l y  acco rd ing  t o  t he  p rob lem.  Th i s  s imu la to r s  us ing  l amps  have  seve ra l  t housands  o f
l amps  p repa red ,  and  su i t ab le  t ypes  a re  se lec ted  acco rd ing  t o  t he  p rob lem.

4 .  Vo i ce  S imu la to r

Need less  t o  say ,  t he  mos t  na tu ra l  and  conven ien t  me thod  o f  exchang ing  i n ro rma t i on  among
human  be ings  i s  t o  em i t  vo i ce  and  t a l k ,  and  t o  l i s t en  t o  wha t  i s  spoken .  , \ s  a  means  t o  com-
mun ica te  be tween  d i s tan t  peop le ,  t he  t e l ephone  i s  much  more  con \ : ene ien t  t han  a  l e t t e r  o r
t e l e g r a m s .
Not  on ly  is  i t  fas ter  but  the content  is  much more abundant .
The  i n ten t i on  and  i n fo rma t i on  can  be  t r ans fe r red  much  eas ie r .  Even  be tu ' een  t he  compu te r
and  t he  human  be ing  i f  i n f o rma t i on  can  be  exchanged  d i r ec t l : -  b : -  r - o i ce ,  t he  wo rk  w i l l  be  much
fas te r  and  t he  compu te r  w i l l  be  eas ie r  t o  use .  The  u t i l i za t i on  r -a l ue  u ' i l l  no t  doub t  r i se  con -
s iderab ly .
Not  on ly  computers  but  a lso the other  mac] - r ines and equiprnent  \ . , . i I1  increase ef f ic iency con-
s i de rab l y  i f  t hey  can  unde rs tand  r vha t  t he  human  be ing  sa r - ,  and  a l so  respond  to  i t ,  The  con -
ven ience  i n  t h i s  case  i s  beyond  ou r  imag ina t i on .  O f  cou rse ,  t he re  have  been  some  mach ines
wh ich  can  t a l k .
I f  t he  same  sen tence  i s  t o  be  repea ted ,  t he  t ape  reco rde r  ca r r  r eco rd  and  rep roduce  t he  vo i ce .
I f  you  w i sh  t o  change  the  sen tence  f r om t ime  to  t ime ,  ) ' ou  ca r l  b reak  up  t he  sen tence  i n to
e lements  and combine them adequate ly .
I n  case  we  a re  i n fo rmed  o f  w rong  t e l ephone  numbers  o r  g i ven  t ime  se rv i ce  ove r  t he  phone ,  i t

F i g .  2 t .  C i r cL r i t  D ra ' . ' . ' : - t e  o f  t ] - r e  SC
F o r i : o n  ( F u n c t : o n  G e n e r a t o r )
S l o ' , . , : r  i : r  t r ! g .  2 + .
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does not  mean that  a  n ice young lady is  ta lk ing a t  the o ther  end c i f  the
"The  t ime  no rv  i s  "  "Tha t  number  has  changed  .
dot ted l ine por t ron is  c i ra i r {ec l ,  ar - ic l  i t  i s  a  recorded tape that  is  g iv ing
A s  f o r  m o r e  c o m l 1 e x  r - r s a r c ,  t i e  s e n t e n c e  i s  b r o k e n  u p  i n t o  w o r d s ,
t hen  t he  u ' o ros  a l c  r eas  s  € ' l r b  - e , c i  aqa i r - i  t o  f o rm  sen tences  and
rep roducec i .
I n  c a s e  o f  i l : e  s t o c K  e x c : - . i r - - - ' -  r : .  \ , - - . . . ' Y o r k ,  i f  t h e  s e c u r i t y  d e a l e r  w h o
i s  ou t s i c l e ' ; , ' i s ] - r es  t o  kno ' . ' .  : : . ' - .  . ' . : c , c . ; ' . - a -uc .o f  a  ce r ta i n  mach ine  com-
p a n y ,  h e  c a n  g e t  t h e  i n i o l ' : : t a : . ' . 1  : t '  : : r  a : a - k i n q  c o m p u t e r  b y  d i a l l i n g
a  s p e c i f i e d  n u m b e r .  F o r  i : r s : : - : r : , .  : - : r a s c u - i l e  r - o i c e  u , i l l  a n s w e r
back  "  .  .  .  \ [ ach ine r i e . s ,  O : r , - - : - .  : ] t  ( )  - 1 . , : a t : on  83 ,  H ighes t  P r i ce
8 5 ,  L o l v e s t  P r i c  e  8 2 ,  T u r n o i - e r  l 0 [ t O . I : r . , r ' : i e r  t o  r e a l l y  u t i l i z e
v o i c e  a s  a  m e a n s  f o r  c o n i ' e r - i r - r g  i n : o r - : : r : t - c , : r  : :

w h i c h  i s  l i k e  c u t t i n g  t a k e s  a n , '  , > u ' : : : r : : : . '  r r r  :  : , - : : : 1  ,  r .  t h e  v O i c e  e m i t -' t

t i n g  m e c h a n i s m  s h o u l d  b e  c o l t r ' , , i ^ e c
vo i ces  shou ld  be  svn t l - r es i zec l .

l , ' , : ' : i : i  ,  and  comp l i ca ted

I n  o r d e r  t o  a c c o m p l i s h  t h i s ,  t r . e  : r : e c r : a - : r i s : r -  : r ' - : '  , , : r i c : :  r - o i c e  i s  
! ' i g '  2 6 '  V o i c e  e m i t t i n g

e m i t t e d ,  a n d  t h e  e 1 e m e n t s , . . , ' h i c : r  c o : : r f ) o S , -  : : : - , ' - . s :  i r c  c : - . e c k e d .  A s  a  
m e c n a n l s m '

synthes iz tng Tr \e thoc i  l tasec l  o t -L  .a- . r 'S ,  : i - . r -  . ' . -  : ' : - - .  :  : t . . -br . : : i  cor t ru ter
Sys tem i n  $ ' h i ch  t he  a r - ra i og . , . i s  . ' i \ ' : - . : :  c - : : :  : t -  : .  ' .  ' -  : - :  r  : : i : ' r , . i c c i  b r .  t he  compu te r  ou tpu t  i s
c o n s i d e r e d  t o  b e  t h e  c o m n t o ] t  s e l t s €  c o l c i - : ) i .
As  f o r  t he  ana logous  syn thes i z i r r g  c i e r - i c  t - .  t r - . .  : ' , -  - r .  : : . :  * : r ) .  : ' r ' - : : :  ana log  svs tem (Up  to  qu i t e
recen t l y ,  t h i s  r , vas  ca l l ed  t he  t e rm ina l  ana io i  s - .  . : i , - - : : ' ,  : ' - .  i  : : : '  \  OCODt rR  svs tem i s  i nc l uded
in  t h i s )  wh i ch  s imu la tes  t he  sound  as  a  n l : r eno :1 . - r c : r  a : : : :  : : : '  l o : r : : l l l r  a t i on  ana log  sys tem (Th i s
used  t o  be  ca11ed  the  voca l  t r ac t  ana loq )  r . .  ] : i c r - -  s i : : : u ^a l r . . ' .  : : .
m o u t h  b y  t r a c i n g  b a c k  t o  t h e  p h y s i o i . o g ;  a r - r o  c h r - s t c s  c : - . - . . : , - t .  : . : ^  : - .
The  spec t rum cha rac te r i s t i c s  o f  t he  vo i ce  \ \ ' a \ - e  i t a r -e  be t : t  * . : - : ' : : . : l  :  f : - ea t  i i a l  i n  t he  pas t  and
i f  n e c e s s a r y ,  i t  c a n  b e  m e a s u r e d  d i r e c t l y  a n d  c o n f  r : : : e c i .  T : . , : ' , - : '  t ' { - ,  : : - , e  k n o r i ' l e d g e  t h a t  w e
possess  i s  abundan t ,  and  a  l o t  o f  quan t i t a t i ve  ana l - vs i s  c i a i a  :  - . ' .  ' .  i r , . . , : - .  accumu la ted .  The
ha rdware  i s  a l so  compara t i ve l y  s imp le  i n  case  o f  t he  sDec : r ' - : : r - .  a : - - a  o :  s ' . ' s : € -n .  Conseousn f l y ,
i t  i s  more  economica l .
On  the  o the r  hand ,  t he  resea rch  wo rk  on  voca l - i z i ng  o rgans  a : : :  ' . ' r c : - ^ : - : - - g  1 to \ -emen t  have  been
ch ie f l y  based  on  t he  pe rsona l  v i e r , vs  and  pe rsona l  obse r r -a t i r - , : i q  6 t  i r . , -  - . - ^ , l a -  s : ) ( . c i a1 i s t s .  As  a
r e s u l t ,  m o s t  d e s c r i p t i o n s  a r e  q u a l i t a t i v e  d e s c r i p t i o n s ,  a n c l ' . i - i : : r : : . €  t - - x C C D t r o : t  o f  a  f e r i ' f o r e -
s i gh ted  resea rch  t ' vo rk ,  ob jec t i ve  and  quan t i t a t i ve  obse rva t i ons  be -s . . : i  o : r  X :a1 -  o r  X  ray
mov ies  have  j us t  begun .  A t  p resen t ,  we  s t i l l  l a ck  kno r i ' l edge  an , :  q ' - : a : t :  r a r i r - e  c l a ta .  Fu r the r -
more ,  as  f o r  t he  con f i gu ra t i on  ana log  me thod ,  i t  i s  ve rv  con t : t -  c i : i ' t i  a . s  : l t e - : ' t t i oned  J -a te r ,  and
the re  a re  s t i l l  many  t echno log l ca l  d i f f i cu l t i es .  The re fo re ,  t he  r l i c  t '  i s  ve rv  h i gh .
Howeve r ,  i f  we  t ake  up  t he  p rob lem o f  mak ing  l a r vs  f o r  t he  s r - : . r r : . es : . . ,  i r  . . , , ' i i L  be  more  sub -
s tan t i a l  ( i .  e .  The  desc r i p t i on  o f  l aw  w i l l  be  more  s imo le ,  a : r c :  : 1 .? : "e  ' , . ,  i i l  be  Less  excep t i ons . )
t o  go  back  t o  t he  ca .use  o r  voca l  movemen t  ra the r  t han  t o  t l . i : . r <  i : t  t l : e . c i nens ion  o f  spec t rum
cha rac te r i s t i c s  o r  phenomenon .  I n  add i t i on  t o  t he  abo r -e ,  t - r c i g i : . t g  i r on t  t he  ab i l i t y  o f  syn thes i z -
ing cont inuous vocal  sounds,  i t  may be sa id  that  the conf igLu-a i ion analog system rvh ich has
l im i t a t i ons  necessa r i l y  imposed  on  voca l  waves  ou . i . ng  t o  t l t € -u i t e rance  o f  t he  human  be ings  se t
i n to  t he  ope ra t i on  o f  t he  syn thes i z i ng  dev i ce ,  has  a  ] r i g i r e r  r o ten t i a l  eaDac i t y .

( a )  Spec t rum Ana log  Sys tem

The  resea rch  on  syn thes i s  based  on  t he  l a ' , ' , ' s  o r  scec t rum ana log  sys tem i s  be ing  done  a t
va r i ous  p laces  i n  Japan  such  as  Tohoku  Un i r . e r s i . t \ - ,  \ l lK  Gene raL  Techno log i ca l  Labs ,  Ok i
t r l ec t r i c  Co . ,  and  Tokyo  Un i ve rs i t y .
Among  such  resea rch  wo rks ,  t he  r vo rk  o f  I I o l r - : r cs  o f  G rea t  B r i t a i n  on  t he  Jo in t  Speech  Resea rch
Un i t  has  shown  qu i t e  a  success  by  conc luc l i ng  i t  i r - r  t i r e  f o rm  o f  a  l aw .
As  a  syn thes i z i ng  equ ipmen t ,  pa ra11e1  s r )e ' c t r u r x  a r - ra1og  as  t ha t  shown  i n  F ig .  27  was  used ,  and
con t ro l  was  pe r fo rmed  on  t he  f o l l on ' i ng  n ine  r )a rame te rs .

phone.
P lease  re -d ia l .  "  The
the in format lon.

F,,
S
F',

A ,

f!.

Bas i c  f r equencv  o f  r - o i cec l  sound  sou rce .
Se lec t i on  o f  u ' he the r  t l - r e '  sound  i s  vo i ced  o r  unvo i ced .
F ,  :  Fo rman t  f r equencJ /  f r om No .1  t o  No .  3
A i  :  I n tens i t y  o f  each  f o rman t  componen t .

In tens i ty  o f  h igh f requency energy.

F ig .  26 .  Vo i ce  em i t t i ng
m e c n a n l s m .
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As an example of synthesis,

fo l lowing three s teps.

The va lues of  a l l  cont ro l  parameters

were ext racted as a  resu l t  o f  ana lys-

ing the l ive  human vo ice,  and cont roL

and  syn thes i s  was  done  acco rd ing l y .

( i i )  The cont inu ing t ime of  each sy lJ-abJ-e

wh ich  g rea t l y  i n f l uences  t he  na tu ra l -

ness ,  and  t he  p i t ch  f r equencY '  F  o f

t he  vowe l  po r t i on  have  been  con t ro l l ed

by the resu l ts  obta ined f rom the ana}ys is

o f  t he  l i ve  human  vo i ce .  On l y  t he  con -

t r o l  o f  t he  f o rman t  cha rac te r i s t i c s  was

done  i n  acco rdance  t v i t h  t he  ca l cu la t i ons

based  on  t he  l au ' .

( i i i )  The  con t ro l  o f  a l l  pa rame te rs  we re  done

in  accordance wi th  the law.  A l though

it is quite natural that the quaity of the

synthes ized vo ice wi l l  d rop in  the order

of  ( i )  ( i i )  and ( i i i ) ,  the meaning of  ( i i i )

was qu i te  unders tandable .  However ,  i t

was recognized that  the natura lness was

lack ing.

(b)  Conf igurat ion Analog System

The  resea rch  wo rk  based  on  t he  con f i gu ra t i on

a t  t h e  E l e c t r o  T e c h n i c a l  L a b . ,  \ I e i 3 i  U n i r - e r s i t r ' ,

"A b i rd  in  the hand is  wor th t r ,vo in  the bush"  was shown in  the

( i )

\mpli tude Frequeny
r  n i r . , l  c o n t r o r  r c / s )

Compos i t i on  D ra rv i ng  o f
Svn thes i z i ns  Un i t  f o r  JSRU

a lso  be ing  done  i n  Japan
resu l t s  ob ta ined  a t

F i g .  2 i

a n a l o g
p f a

.  a re  qu i t e  remarkab le .
.  b rock  d iag ram i s  shown  i n

: - -  r e  a s  f o l l o r i ' s ;

The  channe l  f r om the  gJ .o t t i s  t o  t he  l i os  i s  cons i i e re : i  as  a : t  : : r t gu ia r  sound  tube  hav ing  a

length o f  about  17 cm.  Th is  is  s imulatec i  b1-  se ' , -e : l t?e: r  : ,  - r : l t r  :ubes ' . ' ,  i t i r  r .ar iab le  cross sect ion

a reas  and  a  l eng th  o f  L  cm each .  Acco rd ing  t o  t i r e  sou : : i  e : t i - : t r - e : : : - t g ,  t he  cha rac te r i s t i c s  o f

sound  fo r  each  round  tube  can  be  exp ressed  b1 -  t i r e  : o^^o ' , ' ,  i : : 1  ' ' r . , : a t i o : t ,  and  t h i s  r e l a t i on  i s  com-

posed  by  an  ana log  compu t i ng  c i r cu i t  shon 'n  i n  F i s .  30 .

t h e  A c o u s t i c  R e s e a r c h  G r o u p  o f  t h e  E l e c t r o  T e c h : ' i : c a -

The  ex te rna l  v i ew  o f  t he  equ ipmen t  i s  s } ' t o " ' , ' n  i n  F ig .  2 . ' ,

F i g .  29 ,  I f  we  g i ve  a  b r i e f  exp lana t l on  o :  t i ' i e  c : ' i : - t c : l ^e ,

Voice Synthesi zLng Unit
(C onf igurat ion Analog System)

-  . i

Conf igurat ion Analog

Sys tem
I .

+ t

F i g .  2 8
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\ ;
t l n l  t  

m

P r r r -  I  - h P

w h e r e

Vo lume  speed  o f  a i r  i ns i de  o f  t he  c r ' l i nde r
S o u n d  p r e s s u r e
Leng th  o f  t he  cy l i nde r  ( cn r )

D e n s i t y  o f  a i r  ( g / c m  )
S p e e d  o f  s o u n d  ( c m / s e c )

r ---i-
u r o s s  D e c t l o n  o I  L Y l l n o e r  ( c n r  '  :

The  c ross  sec t i on  A  w i l l  have  t o  be  con t ro l Led  i . n
acco rdance  w i t h  p l ace  and  t ime .  (Ac tua l l y ,  t h i s
is  cont ro l led by the area ra t io .  )  The mul t ip l ie r
rv i l l  per form D-A convers ion at  the same t ime i t
conducts  mul t ip l ica t ion.  Ho 'uvever ,  in  order  to
prevent  the f l i ck  caused by the d ig i ta l  cont ro l
s igna ls ,  the mul t ip l ie r  is  des igned for  a  smoother
character is t ic  against  cont ro l  s igna ls .

3 0 . Bas i c  B lock  D iag ram

5.  S imulator  in  Rela t ion wi th  Medic ine

I t  has  been  known  f rom o lden  t imes  t ha t  l i v i ns  bod ies  a re
sys tems  wh i ch  i s  composed  o f  mu l t i - f eed  back  l oop .  Ho ' . . , ' e ve r ,
rvas qu i te  qual i ta t ive.  Together  wi th  the development  o f  t i .e  c , : '
ana l ys i s  was  begun  f r om ve ry  s imp le  f eedback  l oops .
S ince  t he  con t ro l  l oop  o f  t he  l i v i ng  bod ies  con ta in  a  number  o :  : - . o : . - - : : : ea r  e i emen ts ,  s imu la -
t i on  i s  i nd i spensab le  f o r  t he i r  ana l ys i s .  The  deve lopn ren t  o :  s - : r : . : - a :o : ' s  i s  be ing  advanced  fo r
nerve ce l ls  and cer ta in  funct ions o f  the organs.
A t  f i r s t ,  t he  pu rpose  o f  deve lop ing  such  s imuLa to rs  \ \ ' as  f o r  cb :a - : : : (  an  aux i l i a r v  means  f o r
s tudy ing phys io logy,  but  now some are be ing s tud ied for  the r i r - ' . - . . -o : r : : - .e : t t  o :  cont ro l  equ ipments
f o r  l i v i n g  b o d i e s ,  a n d  f o r  e n g i n e e r i n g  m e a n s .  A s  s i m u l a t o r s  r c : - - : ' , - . : :  b o C i e s ,  t h e r e  a r e  v a r i -
ous  k i nds  such  as  ne rve  sys tem,  resp i ra to r y  c i r cu la t i ng  s \ - s :e : ' . ,  : t - . e ' r : abo - i sm a re  exac t l y  t he
same  as  t hose  used  f o r  chem is t r y ,  t hey  r v i l l  be  om i t t ed  i r e re ,  a : : c i  c - x : l ^a ra t i ons  sha1 l  be  g i ven
on  ne rve  sys tem and  resp i ra to r y  c i r cu la t i ng  s ) ' s t e tn .

5 -1 .  S imu la to r  o f  t he  Ne rve  Sys tem

The  ne rve  ce l l  wh i ch  composes  t he  ne rve  svs tem i . s  co : : : : ) os t r c :  o :  l i t t  ce l , l  body ,  dend r i t e ,
a n d  a x o n .  T h e  a x o n  i s  a l s o  c a l l e d  t h e  n e r v e  f i b e r ,  a n c  t l - i ,  t : - i  o : ' : :  ^ - .  b r a n c h e d .  T h e  b r a n c h e d
po r t i on  i s  ca l l ed  synops i s  and  i t  connec ts  u ' i t h  ano the r  ce - l  boc r  o r  oend r i t e  o f  o the r  ne rve  ce l l s .
The  i n fo rma t i on  t r ansm iss ion  o f  such  ne rve  ce l l s  can  be  i e tec re i
f rom the outs ide as e lect r ica l  impulses.  Thus s ignal  i . r ' i : ru t  f ro : : . r
o the r  ne rve  ce l l s  t o  t he  synops i s ,  and  i t s  r e l a t i on  u ' i t r  t he  ce i i
ou tpu t ,  t he  s i gna l  t r ansm iss ion  cha rac te r i s t i c s  i ns i i e  o f  ne r r -e
f i b e r s ,  e t c . ,  h a v e  b e e n  m a d e  c 1 e a r ,  a n d  s i m u l a t o r s  h a r - e  b e e n
p roposed .  I n  t he  f o l l ow ing  pa rag raphs  examc les  o f  s imu la to r s
a re  sho r , vn  by  d i sc r im ina t i ng  t he  f o rmer  as  ne r \ - e  ce l l s  and  t he
l -a t t e r  as  ne rve  f i be rs .

; - 1 - 1 .  C i m u l a t o r s  f o r  N e r v e  C e l L s

The  ne rve  ce l l  r ece i r - es  t he  ou tpu t  o f  o t i r e r  ceLLs  as  i npu t ,
r  i a  t he  synops i s .  The i ' e  a re  t r i ' o  t ; ' pes  o f  i npu t s .  One  r vh i ch  w i l l
t ' x c i t e  t he  ce l l  and  cause  ou tpu t  ( i .  e .  exc i t i ng  i npu t ) ,  and  ano the r
.  i r i ch  i s  r eve rse  and  r i ' h i ch  l - i as  supp ress i ve  e f f ec t s .  ove r  t en
: : : ' f t ' r en t  p rope r t i es  be tu ' een  t he  ou tpu t  and  i npu t  have  been  made

i : .
U
P
h
p

A

h
r I'  r n  n  - :

Ll -
-1 m

E - i a

comp lex  con t ro l
o f  t he  sys tem

a , , ^ - + i + ^ + i . , ^
Y  L . r . d . r l  L r  Ld .  L r  v  E

31  Ne rve
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c lea r .  S ince  i t  i s  ve ry  d i f f i cu l t  t o  deve lop  a  s imu la to r  u ' ] r i ch
s imu l t aneous l y ,  s imu la to r s  possess ing  t i r e '  r - r - r a j o r  o rope r t i es
Fo r  i ns tance ,  Ha rmon  o f  t he  Be11  Te le t rhone  I - a l t s .  assu rned
deve loped  a  s imu la to r  i l l u s t ra ted  i r - r  F - i c .  : l 2 .

can sat is f ; r  a l l  o f  the condi t ions
h a v e  b e e n  d e v e l o p e d .
f h e  f o l l n r r " i  n o  n r n n e r t i p q  e n r l- " g r  

f .  
L r L  u ,  4 r r v

I n  case  a  s t imu lus  exceed ing  a  c€ - . r ' : a r - r l
l imi t  is  g iven wi th in  a  L in- r  j tec :  t  i r :  r  ,
t he  ce1 l  r v i l 1  be  exc i t cd  an r :  se  r . . i  o r , l r
p u l s i v e  o u t p u t .  N o  r - n a t t e r  h c . ' .  - c , : . - : .
s t imu lus  be lo r , r , a  ce r ta i n  -e ' . , - t . i  r .  : i . , - t - r r ,
t he  ce l l  r v i l 1  no t  bec ( )n r  e  € ' xc^ t . . : r .  

- i - : . : - -

l im i t  va lue  u ' i l l  c i r an tL '  as  : . -  i  - : r , . : ^ r r : r  ( - . , -

t he  e lapsed  exc i t a t i o r - i  o -  t i r . '  c c  - - .

l : )

( i i )  I n  c a s e  t h e  c e l l s  b e c c ) m e  e x c i t e ' c r ,  n o
m a t t e r  h o r i  l a r g e  t h e  s t i m u l u s  i s ,  t i r e
c e 1 1  u ' i l l  n o t  b e c o m e  e x c i t e d  f o r  a b o u t
2  -  3  r x  sec  as  i f  t he  t h resho ld  r . a l ne
has  become  i n f i n i t e  (Th i s  pe r i od  i f
ca l l ed  t he  pe r i od  o f  non - response .  )

( i i i )  I n  case  two  o r  more  s t imu l i  l ess  t han
the threshold  va lue is  g iven to  one ce l1 ,
t hose  s t imu l i  w i l l  be  added ,  and  i f  t he
sum o f  t he  s t imu l i  exceed  the  l im i t  va lue ,
t he  ce l l  w i l l  be  exc i t ed .

5 -2 .  S imu la to r  o f  t he  C i r cu la t i ng  Sys tem 
i , ,

The  c i r cu la t i ng  sys tem r vh i ch  i s  composed
o f  t he  hea r t  t o  send  ou t  b l ood ,  l a rge  and  sma l l
ar ter ies ,  cap i l la ry  tubes and ve ins rv i th  the
c i r cu la t i on  o f  b l ood ,  me tabo l i sm  o f  componen ts
r v i t h i n  t he  b lood ,  and  t he i r  con t ro l  sys tem.  Fo r
i n s t a n c e ,  a s  a  s i m u l a t o r  f o r  c i r c u l a t i n g  d v n a m i c s ,
Mc leod  deve loped  one  wh i ch  i s  sho r i ' n  i n  F ig .  36 .
Fo r  i ns tance  t he  hea r t  i s  composed  o f  l e f t  and
r i gh t  a r t e r i a  and  ven t r i c l es  o f  t he  hea r t ,  a t r d  t l i e
b lood  c i r cu la tes  i n  t he  o rde r  o f  r i gh t  a t r i um,
r i gh t  ven t r i c l e ,  I ung ,  l e f t  a t r i um,  a r t e r i es ,  \ - i ens ,
and  r i gh t  a t r i um.  Thus ,  i t  can  be  exp ressed  by  t he
b lock  d iag ram sho rvn  i n  F ig .  35 (a ) .  The  va l ves
shown  i n  t hc  d i ag ram a re  va l ves  t o  p reven t  back f l ou ' ,

R : o c l i  D i a g r a m  o f  N e r v e  C e l l  M o d e l

(b )  \ ' Tode l  C i r cu i t  o f  Ne rve  Ce l l

F i g .  32  S imu la to r  f o r  Ne rve  Ce11 .

F ig .  33  S imu la to r  o f  Ne rve  F ibe r

n_JL- A
o A

----\- @ 
'-'

( i )

( i v )  I n  case  t he  supp ress i ve  synops i s  i s  s t imu la ted ,  even  i f  t he  exc i t i ng  synops i s  i s  s t imu l -
a ted at  the same t ime,  the ce l l  n ' i l l  not  be exc i ted.  As shol r 'n  in  F- ig .  (a)  o f  the b lock
d iag ram,  i n  o rde r  t o  ob ta in  p rope r t i es  ( i )  and  ( i i i )  an  i ncomp le te  i n teg ra to r  i s  used ,  and
feedback  i s  emp loved  f o r  ob ta in i ng  ( i i ) .  Fu r the rmore ,  supp ress i ve  i npu t  i s  g i ven  t o
ob ta in  p rope r t v  ( i r , ) .

5 - I - 2 .  N e r v e  F i b e r  S i m u l a t o r

The  ne rve  f i be rs  u , ' h i ch  t r ansm i t  t he  ou tpu t  o f  ce i l s  ] ' r a r -e  a t t r ac ted  t he  a t t en t i on  o f
p e o p l e  e n g a g e d  i n  e n g i n e e r i n g  s i n c e  t h e y ' p o s s e s s  a n  i d e a l i s t i c  e l e c t r i c a l  p u l s e  t r a n s m i s s i o n
sys tem fo r  f o rm ing  waves .
The re  i s  an  exce l l en t  ma thema t i ca l  mode l  o f  Hodg i k i n -Hux ley  f o r  t h i s  t r ansm iss ion  cha rac te r : -
i s t i c ,  and  Nagumo e t .  a l .  have  p roposed  a  s imu la to r  us ing  t unne l  d i ode  as  shown  i n  F ig .  33  by
s tudy ing  t he  above  men t i oned  ma thema t i ca l  mode l .  As  shown  i n  F ig .  34 ,  t h i s  t r ansm iss ion
system has an exce l lent  wave forming proper ty  in  which the ampl i tude and pu lse rv id th  can be
made  i den t i ca l .  Bes ides  t he  above ,  a  l a rge  number  o f  s imu la to r s  have  been  p roposed ,  bu t
t hey  w i l l  be  om i t t ed  he re .

a :
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Fig.  34 Output  o f  S imulator



a r t e r l e s

and Viens

and  they  a re  qu i t e  i nd i spensab le .
f o rm .  The  t h i ckness  o f  t he  hea r t

t h i cke r  t han  t hose  o f  t he  a r t e r i a ,

t he  vo lume .  Thus ,  an  e lec t r i ca l

However ,  oo account  o f  th is ,  b lood f low res is tance wi l l
musc les for  the le f t  vent r ic le  and the r ight  vent r ic le  are

and  the  comp l i ance  i nc rease  o f  dec reases  i n  p ropo r t i on  t o
equiva lent  c i rcu i t  shown in  F ig .  (b)  can be made.

r i g h t  a t r i u m

F ig .  35  S imu la t i on  o f  t he
C i r cuLa t i ng  Sys tem

F i g . 3 6

Hear t  bea t  a t  t he  t ime  when  the re  i s  no  s t imu lus .
St imulus f requency of  sympathet ic  nerve system
Non  l i nea r  cha rac te r i s t i c  shown  i n  F ig .  37 .
Th is  term wi l l  become ef fect ive on ly  when
the s t imuhrs f requencv of  the nerve svstem
has  i nc reased .

Simulat ion Circui t  Diagram
of the Circulat ing System

and the vagus system.

Fig. 36 shows the abovementioned equivalent circuit simulated on an analog computer.
The responses of various circulating system diseases are being studied by employing this
simulator. Therefore, various functons corresponding to the various diseases are added as

.d shown by the dotted l ines in Fig. 36,
Although there are various proposals for the control system of the circu-lating system also,
in this article, the writer would l ike to show a nerve control simulator versus heart beat
which wa6 reported by Gardner.
In other words, heart beats originate at a portion called the trunk nodule located on the right
atrium, and the rate of stimulus is controlled by the sympathetic nerve and the vagus which
gives the input, In order to find this transmission characteristic, Gardner stimu.lated each
nerve of  a  dog and invest igated the response.  As a resu l t  he found that  the hear t  beat  can be
given by the fol lowing equations.

H R o  +  G ( s ) f r
H  R , :

1 * H ( s ) f z

G ( s  )  ( , t e - r s ( 1 + r 3 s ) + ) , / (  l * r 4 s ) ( t + r 5 s )

H ( s  )  B  (  1 +  r 1 s  ) *  , / ( l +  t 2 s )

where

H R :
f r ,  f  z :
A , B :

+
?F

a

sIn  case the abovement ioned t ransmiss ion character is t ics  are
s imulated,  re la t ions shown in  F ig .  3B can be obta ined.
Al though the response of  th is  s imulator  is  not  complete ,  i t
i s  ve ry  i n te res t i ng  because  i t  sugges ts  t he  resea rch  t r end
in the future, and by the development of such independ.ent
s imulators ,  the analys is  o f  even more complex phenomenon
can  be  made  poss ib l e .

Stat ic  Character is t ic  s
of  Hear t  Beat  Cont ro l
System

l N  L I O S e  l o r  a t l l 4 l  u v r E U L  I
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5 .  3 .  S imu la to r  o f  t he  Resp i ra to r y  Sys tem

The  s imu la t i on  o f  t he  resp i ra to r y
b lood ,  and  d i scha rg ing  o f  ca rbon  d iox ide
the  l ung ,  and  t he  con t ro l  sys tem fo r
t he  above .  As  an  examp le ,  an  ex -
p lana t i on  w i l l  be  made  on  t he  resp i -
r a to r y  dynamics  sys tem p roposed  b1 .
Yosh imo to ,  e t .  a l .
I n  o the r  wo rds ,  t he  exchange  o f  gas
is  done bet rveen the 1,ungs ar - rd  t ] - re
ou ts i de  a i r  v i a  t he  b ronch ia l  t ube
and  b ranch  .  Cons  equen t l l - ,  t he
p r e s s u r e  o f  t h e  l u n g s  i i ' i l l  b a l a n c e
w i t h  t h e  i n s i d e  p r e s s u r e  o f  t h e  c h e s t
wh i ch  su r rounds  t he  l ungs  and  t he
compress ion  f o r ce  o f  t he  l ungs  ow ing
to  i t s  e l as t i c i t y .  Fu r the rmore ,  t he
amount  o f  gas that  rv iL l  be exchanged
w i l l  be  de te rm ined  by  t he  i ns i de
p ressu re  o f  t he  l ungs  and  t he  imped -
ance  o f  t he  b ronch ia l  t ube  and  b ranch .

Simulators  for  gas exchanging
funct ions are a lso developed by Grodin  but  th is

s y s t e m  a l s o  c o n s i s t s  o f  t h e  i n t a k e  o f  o x y g e n  i n t o  t h e
( i .  e .  g a s  e x c h a n g e  f u n c t i o n ) ,  b r e a t h i n g  d y n a m i c s  o f

H R "  + G ( s ) f ,

G(S) / ,

Values g iven in  M.0 & gF

Ins ide
lef t  lung
exchahge gas

lef t  lung

Bronchi  a l
t uDe

Right lung

p r e s s u r e , r f

o f  t h e  c h e s t .

39  S imu la to rs  f o r  t he  Resp i ra to r y  Sys tem

mat te r  w iL l  be  om i t t ed  he re .

F i g . 3 B S imu la to r  o f  Hea t  Bea t  Con t ro l

On  the  o the r  hand ,  s i nce  i t  i s  c l ea r  t ha t  t he  compress ion  f o r ce  o f  t he  l ungs  based  on  t he i r
e l as t i c i t y  and  t he  impedance  o f  t he  b ronch ia l  t ubes  a re  non - l i nea r .  The  s imu la to r  shown  i n
F ig .  39  was  deve loped  unde r  t he  assump t i on  t ha t  t he  adm i t t ance  w i l l  be  p ropo r t i ona l  t o  t he
d i f f e rence  be tween  the  b ronch ia l  t ube  b ranch  and  t he  i ns i de  p ressu re  o f  t he  ches t .
As shown in  the drawing,  th is  s imulator  cons is ts  o f  the Lef t  lung,  r ight  lung and the bronchia l
t u b e .
In  accordance r ,v i th  the change in
c h e s t  p r e s s u r e  c a u s e d  b y  t h e
s t imu lus  f r om the  resp i ra to r y
c o n t r o l  c e n t e r ,  t h e  c h a n g e  o f
i n s i d e  p r e s s u r e  i n  t h e  l u n g s  \ i ' i 1 l
o c c u r .  A s  a  r e s u J - t ,  t h e  g a s
exchange f low amount  can be
ob ta ined  as  an  ou tpu t  o f  t he  ad -
m i t t ance  de te rm in ing  po r t i on  o f
t he  b ronch ia l  b ranch  wh i ch  i s  

' ? ' l i : t ; . : : i -

de te rm ined  by  t he  Summer  A  and
the  Mu l t i p l i e r  M .
The  i n teg ra ted  va lue  o f  t h i s
exchange gas f low wi l l  change the
lung  vo lume  and  re tu rn  t he
ins ide  p ressu re  o f  t he  l ungs  t o
the  o r i g i na l  1eve l .

I n s i d e  p r e s s u r e

By  improv ing  t h i s  s imu la to r  G
s l i gh t l y ,  a  s imu la to r  wh i ch  com-
b ines  t he  b rea th ing  number  and
con t ro l  svs tem a re  a l so  deve loped .  F ig .

5 .  4 .  O the r  S imu la to r s

Bes ides  t he  above  men t i oned  s imu la to r s ,  t he re  a re  va r i ous  o the r  s imuLa to rs  such  as
body  t empera tu re  con t ro l l i ng  sys tem,  osmo t i c  p ressu re  ad jus tmen t  s r - s tem fo r  t he  k i dneys ,
and the b lood sugar  cont ro l l ing system.
Ow ing  t o  t he  l im i t  i n  space ,  such  ma t te r s  w i l l  be  om i t t ed .  S ince  t he  f unc t i ons  t o  be  s imu la ted
in  t he  l i v i ng  bod ies  a re  non - l i nea r ,  t he  s imu la to r  i s  becoming  an  even  more  impo r tan t  t oo l
f o r  t he  ana l ys i s  o f  such  phenomena .
A  g rea t  deve lopmen t  can  be  an t i c i pa ted  f o r  t he  f u tu re  o f  s imu la to r s .
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