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We have seew thak, foc a blood vessel , the Llux of blood mouing Yurough depeuds

on the preswre drob wLow% H«L vessel
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To_answer this queshion, we need, to moke prelowinany decisons, Geu
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A o, vesudt of owrchoices ok botuk A); 3); ond C) we may derive; a

model. awd, we won dekrerwine “wheber it cow be solved, . For tnstaunee
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"Rec&wrdm% %), we, assume that the leart com be -rejgescdtd. as o
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The, foemnla, (k) is the resulbaut medel of Hhe. civarlakony systew. Note:




(%) is an ol%&\arwlc reiwh‘.mgwga bebuteon Fo. awd, Br => No-ime Us tavolved, . Hewce
i+ ohly applies to steady - state, coudcbions .
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() caw be caticfied. loy an cnfinite vwmloer of boirs (?a/ %, ) = The model is net 5
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We wneed to vefine. the model Ely recon.s(oieriw% one of the choices wnade off
polu® A)= &): or C). For inghawce , leX us acsume thati the M;uivﬂcwb vessel

is Compliaut (ive., e revise the cholws at, poiuk C) aleove, ) ;
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In addibion the compiauwce of the e.tzu&»mkew*c vessel iaablies thot Hhe volume
of bace veseel ig ( checks 24 44,20 in, bhe, “bextlocok ) :
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Equations (%) amd, (%%¥) are @ systen, of o equations in tuwlo Yarioleles

(¢ e., ?q, and. ﬂ) aud, Wil have. & Unique, solution gtM“tm, wmqm volwme,
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bet ue relay o few of the ( ey ) approximations made o otara
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Note thot the ¢ : ion. bekween arberies [verns and, cm!aﬂlan‘es s comvehous

o_r\oi\h"mrﬂ ound, e\z\'owuds on ble ceckion of the vessele ie., we model the \ourgex

vessels as complianly awmd, the smaller vecsels as won- COVWIVﬂLchxz
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The, Ou!b!af‘OKl‘Wm‘M’ Locowda, for Vo, ve olstavned, as follows:

(er®)= (140 R)" . at =Lt (a®+42) (a+b)(a=b) _

(1-\- ‘(ﬂé‘)a- (4-}-(%' )3 0\/3 = b3 (0\/9‘-\- als =+ )p?‘) (a, - )c)

T ——
A b

_ [Cea B+ (4408 2] [ 2+ (RAE) ]

[ (14 B)+ (e o) (A ®,) ¢ (B

we ne@lecy B
%mv«s un (2-

_ [arag R e (B2 +a%)][2+r(_@:§ai; ERPPVCHS SIE
3(’\+ ‘((P@'f?ﬂ)) ‘*‘h’ (?w +Pa\,P51+Ps{) st .



oS

% 4 2

Va, = 2\, ..% r2,+)((%,+994>] = Vo + Vs (%+ﬁ,>=\/o+95'(’\5;¢—t,§54)~
. : 2 | z

|
|

~ ';l r Al

@z‘?r) 4+K(Psm+PV)+_L..( 1+PS1 +P\r2)}
3

©
H

* Ry
o . - = =
_, V=20 [ (1+% %2) (1+x B |
Ve ,4, L A
——b | (1+3% (a3BP | B -
o ,.,iw‘we Vo 2w VO‘”W« O\C the veins WM _prestore drop .
,,,,, - YEC/Y, S . )
_ By wsing the sawme argument wsed, for Hhe acterics . we camn, wetbe :
e —— ‘Qg;‘)sz - PV&,. . WE \/0 + C" ( Pw‘*’ P\() o (“'S)
| R B
SR S S o o o
Copillaxies: | @ - fo1~Faa ( M)
[ o

= Ak e towc\: Cot) —(ogq) #mvlﬂkﬁ a sysM of ’Qw,bqwqbows Lor 7 unkimowan, Yaxables,
o Lo, Pq, Pv Ec,gi?sa \/«/ \/\f and Q = We weed, one wore +quakion . Thes 29,
S iCaw\.s be oetained. ‘o\) observw,q_ that the ‘total volowe of arl—mes awOL vevns s
%on, au)eru%& c.owsb.w\:l, vee.l Va +V, = V - constaut = %,y ufubé;, "7‘&\.'5} (a4)-(aq)
é}:ro\h‘oks a_uwaue, solution,
Le'{' ws solve (aq) — (44) wnder the .('oUnwmq. S\mb\aﬁym?r cowditions:
VL,« CAPV CQP I T -
I o QEFCIR (as") -




| Fx®
Rz&:" ) —_\ ?w = PS{ - (qu\}
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From (a1') = (as') we obtain:
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The solution for the simplfved, eystem (a))-(a,) et
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A ywore realishic ( w\bicovwlyaﬂmm’o) wwoded of the o»'m»\odwzq s;;s\'wwg,

The !nw,d.dct»‘ons of Lhe previous model, ore elw,va.b:{—abwo consistent with +the

@\DMC&L cbservations . However, the assonption that ok the c,a,!ot“»{curfes o

be, luwabed twbo one situgle syshendc resistance Rs dves not take (uko accovdt
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that caqpaiucgn;s on, Ol fereut regions may howe different values Lor Rs or EM};)
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(4) Tquations Lor the S)S\-em‘c sys\rm:
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constomd_on ou)e/(z:\%e, = Vea+ Vov +Vipa+Vpy = V- conchaut (3)
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12 vartaleles (fnss‘)ms, volwm es | oud Q)"‘}—erc,.is a/ vdque. solution,
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cRe =0 1:37 The Cm!af“wrj resistances are eglecked.
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The Solubion vresults:
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From_thee we obtatw: Qoo = Awn @ = Ve~Ves-Vob - The Co catueates ag

el o 4he leart vate lncreases

Moreaver, the golutton for @, wdicates that the Co debeuds ow bhe excess blood

volwme be);o\wl that at 2ero pressure = Tw trawma, , if the logs of blood is wob

cobeuncated. by tuoreased heart rate (eq. via dwae ) or chauges in cowplbionce
T 7 G- & ¢

and. resictomce  the CO tom rokloly drop,
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Exllomw&;w% the wodel with Nawlqtéon mechanism s

Al the, wodede vaw\,e,o( thue Qaw 3.;\/0/ an instonkoneons relotionch between

1]
CO, pressures, oud, wesiskances. = IL tw condilions ckmw%z (c‘%_' we tonsider

Hae, € rw\a\’o\rj System. d»n‘u.% lntense. .\a\m';s'\cal, axercise ve. rest; while the lody

l¢ cupine Ve, smmw% wl:;b%c-) wle expect chauges in pressures omnd , hence, variations

tn, vessel volumes awd, CO = -H.owweﬁ, g does wot ho»H,ml




The body {mplements mmerous mechanicms to wainboun €O awd pressvres ac
s ML

coushaut auwd witform as bossible degpite the oorcence. of exogenons aveuks

¥

Thicee wechanisms are in place 1o cope with short-term, ( ce., secowds to hours )

7 _Plud-wmhi ons °

o AUTOREGULATION —> T4 acte locally ot the level. of individuwal +iscves awd

wodulates the blood Llow i response e oxy gew. need S
whale Keebing the artecial pressore constaut

¢+ BARORECEPTOR REFLEX —> Tt acte ab the level of heart amd verns by modulating

the heart vate awnd the venons resistamer, +o warudaria

jck,e. webavind knssone, awd €O constant

* HUMoRAL CONTROL —» Tt acks on the Llwidodynawic propectes of +he Lloed
J 4
("?‘ﬂ-g d&w&ijcj o visoocﬂvg )-Vt‘au release of hormones aud

other substances o regulate bressoces .
% .

Lel us sxbawnd, our vwodel ¢ to 2NOMPASS the (LocM,) efLects of awloregulation, :

Bloott £low

Nocwaal

| Blood {lh;) Tn_owr vodels e blood
45 1 / Llow gous With ackerval

1 ‘%‘/»,,_— Jressore . Hopever Jrov
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Hence , there st be o locad wmechansm to increase the blood £low regardlece

of +he artectal prestuey; Just response +o the need Jor oXy gen. Owe opbion 1s!

More, 07 is weeded thaw _Cells dagmd,e, ATP bo &xkrack

. Adewosine works ol ;
avolable, Prom the MHOW 02 owmd-in oLom% %0 - 7 & local vasodilaker iLe.,
Hoodv Q'\'NAJM ‘j ‘VWMV FiE oottt ' l H . [

| "Ub Llood stream fibers sorovading the
vesselg 2
x

The arlerial vessels Locally / '

drtate awd thas vedinee the
Systewie vesiskance

A bogsible way +o wodel +hie o blesue 16:

|
M2 metakolee rake (v e, Oy gew oonwu?h‘aw /bim&) |

|
Q2 blood Llow »

L0z1a, [ 021, 2 concewbrotion of 02 tnthe arlertal (a) and vewous (v) component

M= Q,([Oz}a\*[oﬂv) 7 [01:!,,.-.: [Og}am%
""'ér =Q R 5‘ = =
R=Ra (’H— wwaL} >0 ) QR°(““’ [0,),)- Bt
B e= Wmimm,fml\uﬁ"‘uﬁ'\\ (av)
‘€+ a‘Eaqul \ RO

For a0 thie touabion caplures two facts, cie the uoad $low qrows hmwh

with the arleciol, bressore. AND bhe SWthwfq of Q Yo B ta d&cwmw asm

ovaclability of Oz tecreases, Moveover, W iadicakes theat R Grows Lowesurly

| it 4he vaetabolswm, .




How do we ashimate a and o from dake 7

SNV F—

Frowm 1"63 4 (which can owhqu be, congtructed Lrom mmﬁomweﬁs) one

can note that — between Pa. ?5 mamHg_and €, =135 ramHg — there is

a, Wnear relakionghib lbeteoeen Pou aud. Q/Q‘*' with Q% £ narma& blood £lsw

TP we define QF acthe blood Llow ab wominal pressure ?4,‘—"' %= 100 wmta.

Hhew we have:

P¥X 100 wuu Ha ) The Linear Segmew(' has ,egucdzon

¥ ) } =5 e =-4.,2 Pﬂz (vev).

Q* = 5.6 titere fuin | ¥ 3 3 p¥F

From (AV) one musk have:

¥ e 1 (o P*-F)

1+0\[ngf \ Re /

M* = Q% (L%lt*[@z]f)

ay “
By usm% (nv) aind assunrwn% Q',« ?‘", P*", We Coun, WTIEE 3

9’.: '/ax /%H-ﬁfi\-——*-i-—\

@*  aralol, | R F S e T

Pa_ . 2% = P72 g% (44aT0,1,)
&Q* 1+al0ls, 3 ¥ Re 3 \ /
Ma . . =4 = 1‘(’&[03-]&:33':-\'

Qt d+alol, 3 Q*




" .
.f-; 2Ma, - Alge we have:

Ro
Q*g._i.._.__,._, aM¥ \ mM*+2mM: 3aM*
1+al0J% | Ro/  1+al0]X ¢ 4+aloTf
Beoanze
*! 3
Q* [2 ARV
=7 o=
aM¥ . a*[ 0,13
Ro = P _ P*(gM*wQ%E‘DZ,]«*)
2a M* 2a%M* 2
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