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’T!(w %evwral-w of #emgovl_ akthe Mbrem%:y p-(— a muscle icbhe re,su\t o{l o
;co\socw\p of evewrs: am ackion polewkial i 8ywaupkmuﬂ transwitted froen a,
i con to wmuscle pell ¢ =3 bhe ackiow potendial briggers chepicod reackions -
. ;Wu‘rwvx Yhe celhe = introy collulaw folamenks shorton, (or vy bo). .

. ?Tvoo scenarios are possible :

/1),

wmede. o) The musde cells expoionce the cascade of
le
tﬁm deckrical awd thewwead, weuks that would ub 7
- I . , Lilomente tnbo wobion, bw\?, at the mamsw},ic )
1 g ‘ R level , there ic no coubrackion of He muscle
-~ oad { \‘
el ——— Ex l:{o(;“m% WA,A. Ex SRM{@,ROW
ISOMETRIC TENSION i T e i B ¥ — =__ -
P lE ” , load sFeady o ol o muscle
‘.—H/w fension, t&ewc/ra\-eol by o with the hond with high- fres.
- and F‘mmm“ xkeckncw. thh v
o musdde When the nusde

\\Q\A,c&"\q is kepk fixed = The slake eﬂ o WSCM/ gewemim% Lﬁow}no tengion is
| called. “TETANUS™

v (veouly)
<

b) The wotion of bhe flamenks in Hue mascle
ot fw & mordgna,%d Woyy awd results
in the shnr\—ewu'n% (i.e. Coh*ra,c"iow) of

[ ' ‘ ' {7\"'& w,o\,e, w\/w‘/e,%'l'ev\&om 15 kepl» _P_x&o\,

ﬂ\SOTDNlC TENSION TS bhe (ww%%auk‘) tension 'E\rwu‘\i is 3Wa1ftp\. UJ|M\4- the
o sche. length changes. Ty occors whew the, maximal force of contraction of
The, nscle sxceeds the Yokad load on Ay vwusore
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~ With kw&mﬂ to a—L) we com wchimott o &mpn(:al mlo&cmshja (black box
, ,.mqéd)_,,\aeh»g&m,,Hw‘_,,w%hi' of the lood, b overtome by &\n&,,l,sﬁomé tension
_oud the cakt of wnteackion v of Hhe muscle :

 The oweve is {itted b)[ the model:
- (&:HL) v=b ( I?o-"?) —

T FoR(e-VELOUTY EQUATION

'i?

| - %O —
o . _10_, - ( ) gt grams weiqlt

u% ahon (ak-) a,b are barameters ‘o be sshimated. . Also one canm note!
V=0 => b=po  The load "po" provides He value of isomekric tension

_whew the musele lengbh is constawt

p=0 = V= blofa, The Oowlnrqo{-ww velo oﬂq \wms_wgg -Y-uw(-e Wwyxumq)v Vo)m;

 The axpecimentod _sebup for isotonic wmuscle cowlrackion caw lbe %.Q\ANQ’F@WS@WW
depicked. as the geriee of thvee ewents:
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c,ovl+ra ch vna. oovm whv\%

e i - %' 5) _ Total lewgth of the mmscle:
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Ta Hais schemaric, tne inkerfacebetween wurscle and load is approximated,
ias o \’uMb elagke eleweut (C'e‘/, It can e exkouded, er Covnpre ssed but it

cannot ghorten il‘S,%i,&b)
' bewsion Ty Lomsioa T4

{l:;_/\/\/\:‘{:‘l S Dwtv\% COW"\’('AOHOV\ we W& +wo Aww*s:

[ R = o The feugion on G is the same as on R awd

Y144/

* T1=T - itis xqwm! o p (vecanse Hiey are in smos)
| z
3;Hevwe, we have: | - The, vdooﬁj v isr_éz%rw&uc}d by the conkrachile
ly=_-4d¢& park (Le_)—H.,e, cowtrackion of C is faster awd
. A= lagor “Haan Hhe possible displacement of R )
b=P(3)=a(y-y) o |
, .Bcfws& - Yo rest positon 9%8 o
o spring. o = baramelor to be eskimated .

From +hese ,uiuw‘-uons we cam derive. o olquwha\ madxa{ -(‘or the +w$non Tf
applied owro +the load :

| dn_dPds g4 () c)_d(é_l.-.,w
i dt dt dv di

1
l
1
|
l

dy
Eqwm\wkb fhe tension Ty caw oo .ex\orcsseo\ in tecms of the load it veacke $o:
de _gfdl o, PP\ (et Model)
db l°+q,

1 | dt

: Ths zﬂwwkon cau |oe/ solved uuwder s{pea,d/ Caseg.

D |50METRIC CONTRACTION : If the wmuscle ie pub o ’ralmms then the
, ’ S +otal \(eM%\-\a L st be constany = L/b



,,,,,,,,,  Hemcer - AP _gbbeh o bt dp=abde
: | de bt+a bo-f

RS pra _dp _o(,\o"o = } [—(\vo-la) “"H’“]A?:dbb

_‘ , assume \>(o)=0 '

8 \
(b- (a+ho) Aw (fpo- P))’ _=abt

-b(E) - o) | —— ) = bt
-5 () - (athpo) (%_3> =dbt
 MNote: & ‘%b = \“ ")qm = Ast—= 0  thew lo_(?)“* po

‘ -

2) RELEASE AT CONSTANT VELOC|TY: 6 the mscle io originolly hetd of
tension o amd then allowed to wiove
ok constaut velotity v= ¥ | bhen the wascle
will velax uukil it veaghes Hhe tension:

force - velocity «wwx} o

L p(wr)= bpo- il

u*+b

The veloaily i5 Cowl»ro\\e.o\ aud it refers to the tukire yuuscle = W= - =

dp QL("‘ wiop PemP ) o 4P L ( Po Hwt)_:k \%—F>

_ Hence we hawe: 2T o
dt )+ bta

e ﬁ—.oeu**"'” SR PRI




b _ gy, (bor @) (Pr-p)

db

C*’*‘p,“) (p+a) ¢

G\P = A p¥-p
db‘ ’ P.[.-q/

A2 gl PHA

&

P*+a

B Inlre%mukm Ly Fm.c, with imhaA condition: p(0)=po
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dk Ao\bﬁ »\p(b) (ww*)&w(b*

ply———
= A_\:___,‘

)

p¥-ple)

_5) RESPONSE TO A JUMP (N LENGTH:
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Letus agsome that the wusele ic ‘

_undec igomekric conrackion (i.e. tonsion

15 o) with length L awd that, at Some
. ﬁme*O,Jrl% length is shertened (£~g- o

CLaxL ) = The dengion is expected to
é\mr..@wsi,thm,.gb,@,h_ retorn Yo po =

_The Hitl model predicts thcs response:

oL S(h t)
at

'.Dcm dd'bv
. function,

87 ink%mﬁhg —h—pM to-¢ to %o-i-&

~with 650 small and then leH‘lina E=0:



-w‘h};& Eo+g ‘**"t‘b‘{i":” e
j_d_uhj <lo8(b-bo)dt + ocbj et
b

to-£ db 0-& o€

?
e % —
 plbot) - pled) zmxlo = There ic a drop in Hhe beneion

‘i“twwf \a;j (M-e,%md-in% :from Lot -‘:oﬁm t)boévde, hawe.:

SRS d‘ R | PO_P ,,,,, ) Sa—— 1L S = -
. ? -0 p+a é’ =% { ‘P-M"_f“‘a z A b(b“ho) )

{'o ) FO -olo ) Foreile

dlo

- -h(g)i‘(p_-.g«;ﬁ)_:;_(,fe_srkp)ﬂ&_,( be "”“")/\ - ablt-b) (k%)

_As foc case ), we have that p(e) —po as b—oo.

—ple)—x Fredickion of ¥he Wil model
However, whew compared to

actual ma.sg_m_mmi's’ the

_ wcedicions of a?uod—oon (% *) bo-alo

| £ koro
lsuggest a fasker vetvon ko po : % e

s

- The problem is that the Hill model is based on the force- vezbouij wuahm
 iahich provides aw in shwt@wﬁs,.g\_@hgn,_s_hhs.x,m._,rﬂg@%gh.k__hgtmmw B
N foree  and v&bc«:ﬂ is wot {nstantaneous awd — o caplre thic- we need
_-@wdd%hatu#wh& desoribes bhe tvowts (n the muscle cells that lead Yo
) __the generation of tension.



*A subcelular model. of muscle coutraction ( HMxl@.yﬁ_moo_\@zL)m

SaxrcomeNt.
K (e\ewme conkrackile

S
‘ skeletal =\=

| uascle il — YRR ) ,
i

iEa,c‘n, sorcomere. contains thin and thick parallel flamenks arcanged. geomekrically:

0‘7 ‘“uﬂl

‘,1 T filameuts Forthecmore | & \pw%i\w@hak view of the Llaments vn the
, ‘ Phick sarcomere shows Yhak filameats ave Mm%ed such thakt
[ fat vaént
| e bun and t‘/wbka Llavnents alfernatt vcb overlep :

' %&m‘s’s-"sédv‘oh
L view I-bamd ¥ \1—-————” 2E > T-tamd
L . . :

e ——— j

s =

| Ay . W\c(—?lam 2 ,> ,
2-Une thin Llaments i b Lilowensts Z-lne
i e U V-

[ — - (lovx%i'md;:nal viw)
1T-bamds & 2ones where only Huin

7 . ) 7 .@mlamnm&-s ibis \a\-eswk _Dwreng Cawntcackion, e, -
| H_“M  2one ohere, ow'y{:lw‘/bﬁ _ V- overlak behweew Huon ound thick
Lilaments ane, ?rese.w’c filaments Increases —Hms

|
1

A - bomd £ 20ne where Yrick L‘lamenl—g 7 $Mr+ewm& I’W“’\S le H-2oh2,

‘ oxe ‘aveaw\— (wibh, or w/o owdap)‘ |
As Yoo ackion polential ubers the: musole colk | Cn"" ton channels open and ‘w&k
Tcowcev\’twrmhov\; of Co™" ions reach to the sarcomere => Thick filaments Change,

struchure. beconse of Ca’"ions  loind ond pull on the thin {laments | thus cansing.



e wausele contrackion, A schemakic of bhe cycbe includes the {'oblnwm%\ Phases:
\nm«‘w% sive

, A) _._L_ Vlain {ilamenk ‘Q‘V\““‘S S B>, ,,..,(ex{aQSom
; @ O o.@-kvm leindi

ﬁmss\md%e, "‘% v

filament
\ﬂ, B indls Vlﬁ,

D\ T Pwgpwrdlabion
) of bne msslm‘dﬁc C)

o awd-powershroke /

\U'_ Reockion a_(_ e
OYDSSMJ?’Q, with AP

E) Release of CaT ¥ ) o PR

—— — - — l_.__—’-ﬂ-—-—-—J

(oreac ofthe -~ jgi;;_;,u —

bi“d&“%) (m hmo\wn& site. amd,
SUNE S o lamad SrifHing bagk
to the original (aos,d_v_em)___,_,__,_A,__,

_ We waut to build o medel that descrcbes the dynawncs of the crossbdge:

e Sl .
P — L O Let us assome that x-0 is the positvon where.

_ Hwick Blam. | , ) _ tae wossbadqe is pecpeudicular o the facn
_,__”‘(;\m'\- (2> we _pewer Stroke i blmh'ma, ak ac:O)

z

Letus assume that if ’dwawssbm‘d%e/ binds ow a \m‘vw‘dn%siw in_position a:)QI,

g\ynn& bower stroke 15 o!:!>o$i4'&.&9,,Qogn,&rg,ghiem,._-_”,_,..,,._,_‘

_let us assume thak a cmss\arw\ ge com be either in bounded (B)s\rdt,or




‘i'

V,,,m uvx\oOWM (U)s\rwt&

U=
?

, W& assume. thak khe cates of brms{.‘onv.@hm de\:veno\ on % (., e, 4= a(x)
§=£C%)) aud thak | for each value of % , there are p>0 crossbridges able
‘ {70 bind on bmAma stbes ok position %, but onlj a feackion n(a ) is adu.a%
, \ooumim& o Bme £ = We can wate

Iozvtn;s‘ma\%cs wonded = [ Jﬁ/”"cxl\'/) dz

m(ovwé. e seamen{- fabl

‘Also dended with v(-(:) the v&ba):\} of the then {-‘»lamm{* S\ao‘,w;a_ aLoha the
f“ﬂwk Jilament, we have a £lux of .p.W( ) v &) new crossbridges akering thae
,Z_Se%mev& ond a flax of pr(ah)y(k) crosshadges \Wz‘r‘g the seqmmeut = Houce

A Jh(x sc)a,o = gv(&)(n.(b b)wn(a,b))

| | o ;PJ (ac)(4 h(xhﬁ 3(%)»&%%:)}

mNa{-e, +he "4 5\«3“ here: ‘b\r\m s 0.4-790 in Jc\/\,e. "
| bextbook (£9.1547 aud 15. 90 ) +hat isthen fixed
| 1 £0.45.91 aud following ones

;EH.PM(’,& we. (Aawe.‘
————— - ——
N Qh_/- o +.f(x)(4 n) g(m)m  (Hodey Model)

1 97,



Note +hat the frachion w(xk) can be velated to wa, croscopic varables (. P
~ension p, force -veloclly_celakionship yRnecqy con somption ). For inglance:

elea . "
_ Evergyveleaged XIOE T J ) (en )
1 -0a

whew tre ss\on”d%cs
bind,

Cross L-ndae.

Asgwmn% that each crossler d‘éc« s bke o Spring and %wafa\,\ts a focce ¢ that

depend s on +he. dﬁs{a(amm\- % we hawe

Toted force. \o&) 4 J r(r,)vv(z t) o\w
——- %M loy-Hhe muscle—

~ To detecmine \'\m force ~veleciky vﬁlahawsh\:, we assume. Va constaut a,u,d d“/db o
G 3 Sh':a/dq stake ) : e
. — v W)CL)( 1-n(=)) ~_gi%;)le\
9

I
ey Bw = f(z) - ({(m)-i-g!zl) lm(m)

s A (ug ) - W)

I U

o wheres neg(a)e F(%) )= __ Y _
| JegE) e

I..{f vE 0 thew n(e) will Converge Ya(:té\}-\—o the wym{,h{—uc -funahm.,. RS
. mpgfz,)=7 The isemetnc farce po is glven oy




| PO’ {’J @) 3% 4o
0 3[:)4(:)
+ur+mepr& a5 v>>0, we have thak n(%) su;u)Lg chmge.s (., e. the bime.
.,_.;}.c.on,s’_ran,‘r, T(x) ,,Ls,,\gqg)@hd lS_,_gWﬂ% Small. = The force bL) is small
;As Jf\mc Velpodj v increases , bhe fime J.uﬁn% wk@ck o mssbt{dgeﬂ is bouud to a
\omo\m& sike reduces and alorge frackion of ‘omssLnolaes iy, coxvied {n the
, ”%"m ®<0 befoce, re\mS\na the lww\mg site thag %mmhwg a force onoSthg_
_wvx*mdwn = There will be a orikical uo\pub v¥ at which the twe forces
baiamw owd p=0

A queshion remaing though 1 how do we choose £(2) mud g(x) 7
_[The gdeckion i5 arbitrary and ‘,ry_picq!&j_drivm by axperimental obsorvakions. .
_ Foc inskance, Yle original seleckion by Huxley was:

0——2<0 : B4
f(x) = 2/h  OLzh I A
J( b2/ oo R
0 2> W 4 \
: 1 N | ;b%,
f ‘xso | e i -
| g(x) /h ~with g, g p aud h do be 2stimaled,
\ g1 ® t)O

4 —
i
|

’I'he soludion. com be determined, am\ykca.by 1n 2ach one. of the following,
|regions:

t

’.I) 2X0 :_vizf = -Gy Wi hy C2)=0

1
i - S " ==



@

@) o<xsh: -y M (4 n;;) Lr..; "“.TI q, % T,' ~ngfo)=wglo)
e

M) 2>kl v INE_ _wpg ® -For Hus uima/‘nom e oml_\}
% " - bonded solukien is wp=0

= This isconsisteut with the ‘
ql _binding gecurs

T S L 5

L) The peak value wy decreases og e

= . / \ > ve\pc&\:j vnereases (v——yvm,,y)

 REFERENCE: B
o Toxtbook (wl.2): chapter 45 , Sec, 45.4; 48.2;45.2.4;45.2.2,; 45.3;
S  45.3.4 45,32 -




