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(Electrical Modelling of the Human Heart Function)
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Abstract

To study the entire human heart function an electrical analogue has been designed,
based upon fundamental properties of cardiac by Starling’s "Law of the Heart”.

This analogue consists of the two parts,

part, the vessels.

the active part,

: heart;

and the passive

A fourfold pulsc generator represents a stimulus conduction system of

the heart. The sion-atria node {pace maker), which detcrmines the heart ratc is represe-

nted by an astable multivibrator.
within physiological limits.

The various parameters of the heart can be varied

The vessels have been considerad as lincar system like those of an electrical transmi-

ssion line and are represented by the lumped one segment.

The results obtained with the analoguc is a good agreement with the actual heart.

1. A =2
47 B BT Add B4E moshe] L3 e
3 ] AAE

e, o] FEE 2w g, B B T A

Fol 4=

o
o AR S TFE FHHon A= A

sk AR ARobE BHFm gE. AAAE F
F3E 577 ﬂ]%—(caldxomscular
systcm)ell 3t L3 A T A2 we Al
FE 5 Y= Foke] Bl of o] AHE T
Schmitt, Franklin @ Warner® &
A<l WEhel 548 g, =

£
x‘g:xol-"‘t— o] %o{] iz}% a3 Lr,} o]—E_ }. 7x°L
_C|>_

=
B o]
53], AA4s

N
o e o

[o fr ok mlm
=,

=T

fru
2

e xol- x]- EH

¢ F% 2dd gze] TR PeAL W) o)
@ RERned 2 e 249 AGE LabE
Aol et

* A EHR BT AS BEECEEL)

A5 K AR BRTE

igmo} Y A
3 29 (closed loop)]

5

¥ gH(rime varying) Aefeldl, ¢] R B4z AAE
24 EAE < glrh

A4 9
zi oHL
ol =
S R
2] 3+
N SiA] 28] &




b olslse] EEM 2eE — 55—

T
T A

il

>,
[ A2 fiw W
2 o = i

Br 2 ok

|t

otk L

ox

[o o
fi Y

3,

ﬂ
P o
e
A
I3
g2,

o
—_
i

o

il

\u

b

s

—

| oTaz i

g AR e
A1 HAA A5

7 {isometric contraction phasc)e?] 4

|4 szt 2a 2 e

L
o
ro

¢

[«
2,
12
ol
3
r

il

>

(e
N

e
Hr
_{

A

N

offt
LN
e o
2

ok

fr e

2

2
S

i
A}
™

[
ol oo o R

ty ©

e

{4

ﬁ'r

2.
SHe] $Eo16A AR A sk LolE

sre] mA
P (V)=fiF(£)] (3
TZ7e Wik Feh dsjelizelm,
F(e A4 F570¢ 3 2579 el
F&7 84 A4.e Windkessel 27193} Ze] 3t
2 adslelr & HEd A Fapstm A4 wgke] wiateth
=)

1
Fao0A AZHQ 4 B2k 29 55t 2k

Ryu P Mw Pf&sﬂ

—

Ve Ve

st el 8] L d v ;]

N

71—% w2l ¢ g L]r[]“‘ﬂ = NLP

PPV o pi L (ppdi=0 (B
P

K, o

[ (p—Pyde LT P (6)
)H VE
Pazl P ~—P,.:0 )
Rye I

714 p, P gfEelm C AlAEelrh 4 B)—
s

A (& Aelshd chesp e AsLE o Bk

cpe Lpy lp_ Recop,
il

R, m ,
SRR o Lp vy -

O (g )
(Fres) oo 2

relaxtion phasc)® .z A7)
2 13} b,

Ralt
)
Rytie) . Ve T Cd

J8 4. 33 9ol wE He

2 404 Ay 22 gE PV Bl o



— 56 — N EARGE B23E S

Hogw H49 ghpelm, Bgaxts ¢f Py Vel

3
—P(V) o op
e +CP=0 (10)
CP=0 an
Rult) =Ry} —(Ry(cc) — R e t°F (12)
q714 Poe 237 o4F, G 33718 A%3E,

R %7] =8 ’{oLEHﬂ' B‘JE—E Zi
A Pk Wk god Vsl V, Ale] g Ry(p)e

sebaleh.

PPV  cp. L ("p o 13

Rt) FCy P+ po= O(P pde=0 (13)
j) P .

— f (p—P)dz-- Y.=( 14

714 Ryl 4]0 w shepe) Aarele).
A ol A 4 AN 4 ADE S 22 5

P lr, 5 1 Rd(_t)
Cb=g P Tk P (m R (r))P
_&QLD U ,,1, =
RAH " TN (15)
I p 1,1
7RLF o 22 /}L-P kl(ﬂ
7 = }l—,PJ" l"
TR {n
I8 22 ROl wgk 4 (U= #2AAgAN A
#e] 2eh mebd Pep=Pel Vg 57 el O
EAZ A ghab 3ot

173
o5t FE A4Y A%A EuE S 1Y 63
]

2ol T49 + sk
-z &
Qe e e BAREE A% Are 44

S % s Ao AR
ja A + 9
RV“ My Ryra

CoaZ

cw7é

e R A T 23 3 A
e
) RA(t)_
m,, P Ra ' 1
D,
O A
T8 7. A Ao 3R
SR T e e WA Bt 2e
1 pr PV =P
. — dt ¢ = 3
mf(b Podtr R,(®) 0 (18)

G4 Poo 44 ghEelm, RaDE P4
A el ek,

qurel #2504 (A% 21 F, 445 Ps}
A4 QR FAAY Azel k.

e Py Pd(‘ Deiw
Fay=— ) (P1—Py) (19
elx PA/PJCVN 1w
Fy=0 (20
e

A4 Fae Alabll4 A4 29 £4
Al_c,] c}}—Eic r;]_

A4 (1D 4 2O sEA(EE 43 7l5e
Fieta e AoE vk wgk 542 vepieh £
Fake] 7 =L 7 2d 0 2 JlAl A (mechanical check
valve)e]s o] 4zl whe]l o =of ek

5—3. 5% 3 T HEA

525 Hei A A el #aItn
e sl 45 nedkd Yz Yo gxd d T
e ® Releted® 2 AA T 2 oA 2y
82 T ALA AU A[BY 27 A¢] 3z}



(23)
@b
(€1))

s e

o
f(FzL_FL;>£Zt

E}- k=1

=

A

0l A4 &4

o]

3

hZ}

e

<} = 3 4

- ok
- e

ar

=

1%, =V ey i

443 3
o 71 4

o AN 23

D

L=
3

Q

S
Ry
(f

wg3t ek

4
dFlH

)

i

] 29 o

Py—Pi=R\Fo+L,

=% 82

ER LR

3

KR

o

& 3ol wiE

o

n

~ig

R

SEE

i

ok
A

et

o

oy

o

e <]
=

(22 74

3|

4—1.

_]:]_

Kol
=

o] ol gk w4

1701 + J‘(FCL_FU)JL'

3714 Vit ¢

o

Ho

OT.,

v,

27 98l o] T4
| =& o] §al9i}.

33

=

N

LIS

0el 4

(EH A

» Astaple -

)

THAAL 2 5H

No &
ﬂ_;;ﬂ
oy
7vwmr
OT L_L
-
st
L
ﬂ%
U
w L
X
=3
ﬂ_/.HB
= =
5
S
o
ﬂE Ry
"
3
=
Now

SEEEEE
8T 24

=
)

Hl
=

/lrl zl}
)0

ko
A

x 2

240

| 5

L)

shglvh. AT A=A

o

i+
i

=4

ahe



— 58 —

ARERBGEE Ho3E HI1H
¥ 2 AS AxAY 52 54

2 <2 | F % o+ | AgstaA A % ‘ A H
(=HE) (sco) | (Hz) (V) (A) (mW)
M, 0.05~0.08 - 7.5~9.1 32~ 51 —
M, 0.06~0.10 — 0.5~1 26 ( —
M; 0.05~0.08 — 2 ~2.5 30~ 46 ) —
M, 0.06~0.10 — 0.2~0.3 30 ‘ —
M+ M, 0.8 ~0.5 ' 1.2~2 7.5~9.7 60~100 0.45~0.97
M.+ M, 0.8 ~0.5 1.2~2 2 ~25 60 ! 0.12~0.15
o} gt mebd 23 e 485 vleleass A wubg o
2T AEA A AZY M (#Z4)st M3 el 3l 2l 23?3}%:—: & oH(mmHg) sk & F(ml/
9 g Y& A AJE(P,QR,S,T) 4¥&  sec)sl »7b =15 37 s o] 4] 3 Ao oy
2y 103}k 7o) dgleh. $E2E "Hed (mVIE stx gF= (KA)R 3 4
2+ & dyshgdch
AZ E3d Pt Proed 27 24 4149
[ ‘g’l ( R\ A ?—1%7]\:4}’ ks I’—Eﬁ'ﬂ 3@}‘5]5’— Ry.s g‘! Ry 8 32
di / i EEdy 34 532 Q93 4¥E Jelde (P~
l/\ \ i P/Ry)2A Poisauilles] g &%) 97 Relel. 2w
< S;\m__ﬂ_._‘_ky i\—f‘T S BV T W e I Mast Mg 8 Lex 9 a4 93 ez
P iz gy ¥ 3¢ lejebm ad 22 3o Avh
4. 55;'9-1 B &3

a8 10 4AEY

= Al fAbgel 9@ s B $4 HE
L a3 s o] FHsg L Eais

Yard 43 gL
Qeojo] a4 g9 4%

44
avel 99 45 HFpoed

7 gEh

4271

Alubsh 44 3 A

=2

N
g

fsi‘\gk‘. \‘ﬂ (¥

a8 1L A "aA e A

o8 118 F2d 4 BCFGH Y QA Z7 A4
2k 2 A%st 44 % T g 3

&
= o
¢ &34 23k 23 129 B0 2
C

mlo ]:j JE el

E &3 a4 F99 whEE
23 134 (aybyeh 2
zelm CHOA Akt AFE 544 FH 8 2
A otEs 45 FAAE ST A A 2 M
9 (a)byc)er 2o v AdA Y AFAE A4
st 2= a8 Adedst AFE HdE
{bye Ade AFE dYshA et CH 4
24 A8 FEsh $EFE FYS A
149} ()= C*"] A A A FAsEL
7194 a4 ™t g
i?} 21 EAS oY Wy £ 500V]
IOmmy/seco @ 39 X—Y
X2 5V/emYEL 1V/cm2

X

d

L o 4
R
rﬁ‘,

rlr :1(”

o o
s S ey
o, o

2
Ko |
14

°,
[
Io,
A
El
o
L OIN
\1

Sy
iy
rlr

[T =
N

o

N

oo
Jpr
N,

N,
38 A
2,
Ao,
2
SE
i
ﬁ
rle

o
iad

-
23



fr.D o
= =

=3

| =

IS
@
;'}‘{» '
o)
(N

sl Y
Iy
ik
Sy ™
N \
1 . Y AN I
RIS —_— .
R [ i
I ";‘};' ]__1'
P ooamv]
P
50N A ‘ | }
L L -

RLC &=bsh 4okl o8} dargz, a3 24
Sl o APl 2elm sy w

il
hiad
olr
o
1
=
In.
«r
tda

2

pa3

SiENY
ErLxdly
D Y

0 20 30 4 50 €0 Lml]

&)

. —_———l b A
3 20 30 40 50 60 (ml)
ib)

300
(™ Hg)

200

100

OL/G 0 30 40 50 60 cml3

()

EHRTRERECRETERE DO

sl o] A& Z4bA oz Starling®) 1A L
BEstm gl & BRAAE 4Eq WeE 2l
I o] Ayl Srieror wEdtda olelwk sl
A Esiere A =eE s EoE e F7
Aelnz 329 e FAsA dot A5 At

2}

ol vEbuk rheef] pakE 1Y Al shEst FAA

A9 dpdel 2ael A% Aoz 2Fdh

=%



— 60— g

@
Y

=

e

2 A Fledq 2 g Az
AR Jed TR 44 A5y
¢} FAF uhd] of] ,]3}.01 Aae] sl =alel
A% A5 hFEL Y S
AZAE abEel mule] Y 4z
T 2L A5 Gee €
M T et ZAEgeh 2
148 Au7 gt Acl=E 474
Rue] TRl e =mdEs}

fre
>

m{nn‘gﬂo},_&‘“qu
hY]

5 A
ts}-}.

s
ol
AA

2

I‘E« T
L VR

@

L

A
w Moot o B i e
L

B K
iy
-1 .:’: lolr i ]rl pul r&

o
““.

u

o
e
r)«
M

=z
& o
2
N
Y

o
rorlos M

2,

I

s

e
20,
Ko
lo
"
rO
-
Aa,
2
o
2
gk

LN
3
&
flo
Ee)
R
2
3

2

i A0 de ek

I
-
Y

to

oo
2. o
) mc[f of,
o o2
e oar *
LEye
o oL
32 2 gl
rO
ofp |
o
3 ¥4
o
oft
>
1o,
‘i‘ﬂi
ol
ol
tln ofn

L.a_lf-&

TH
fe

ol 9zt o] H
ol A AlEL Ape

1) Cook, A.M. and Simes, J.G., “A Simple Modcl
Designed to Demonstrate Biological System
Simulation,” IEEE Trans. Biomed. Eng., Vol.
BME-19, No.2, pp.97~100, Mar. 1972.

2) Warner,

3)

4

N

5

6)

8

2

9

H_%Egg‘@mu %‘23% ‘;@1"7}'

H.R.,
puter for Analysis of Control Mechanisms in
the Circulation,” Proc. IRE. Vol. 47, No.l1l,
pp.1913~19106, 1959

Ruch, F.C., and Patton, H.D., PHYSIOLOGY
AND BIOPHYSICS, Phil. Saunders, 1966.
“An Elect-

rical Analoguc of the Entire Human Circul-

“The Use of an Analog Com-

Depater, L. and Vendenberg, J.,

atory System.” Med. Elect. Biol. Eng., Vol.
2, pp.161—166, 1964.

Schawm, H.P., Eds., BIOLOGICAL ENGIN-
EERING, New York, McGraw-1{ill, 1969.
Liu. C.K., Piccirillo, R.T., and Ellestad, M.,
“Distensibility of the Postmortemm Human

Left Atrium in nonrheumatic Heart Discase,
Am. J. Cardol. 13, pp.232~238, 1964.

Blesser, W.B., A SYSTEM APPROACH TO
BIOMEDICINE, New York, McGraw-Hill,
1969.

Bencken. J.E.W. and Ridcout, V.C., “The
Usc of Multiful Model in Cardivascular Sys-
tem Studics; Transport and Perturbation
Methodes,” IEEE Trans. Biomed. IIng., Vol
BME-15, No.4, pp.281~289, Oct. 1968.
Yonsei University, LUCTURE MANUAL O
MEDICAL PHYSIOLOGY, Yonsei Univ. Pre-
ss, 1972,



