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Preface to the Farsi Edition

I am very happy that the textbook '"Neurophysiological Basis of Movement" is going to
become accessible for students in Iran in their native language. Actually, the impact of this
translation may be even broader given that Farsi is native to several countries in Asia, with
tens of millions of speakers.

There is growing interest to movement science in general, and motor control in particular in
Iran. Over the recent years, I have witnessed the substantial growth of applications from Iran
to our graduate program, had the pleasure of meeting young researchers in my and other
Laboratories, as well as at the annual Motor Control Summer School. My impression is that
the basic education in such fields as physics, mathematics, and computer science is very
strong in Iran. It would be very nice if this textbook helps to expand the range of subjects
where Iranian students excel.

My main research field is motor control. Motor control is a relatively young field of natural
sciencs, which tries to discover laws of nature that make purposeful biological movements
possible in the natural, changing environment. It incorporates notions and approaches from a
number of more traditional fields such as physics (including classical mechanics), muscle
physiology, Neurophysiology, control theory, and psychology. Neurophysiology is one of the
cornerstones of motor cntrol, and, when I joined the faculty of Kinesiology at Penn State
University in 1995, the first thing I did was to offer an entry-level graduate course
"Neurophysiological Basis of Movement", which resulted in the textbook.

The purpose of this book is to provide background information for those who enter the field
of movement science with a degree in a different area. In my Motor Control Laboratory at
Penn State, Graduate students arrive after getting a degree in a broad range of majors
including physical therapy, kinesiology, computer science, engineering, physics, mathematics,
etc. So, the purpose of the entry-level, for those who have never taken a class on physiology.
Further, the textbook has been expanded to include basic information on mechanics, control
theory, and movement disorders. It also covers briefly some of the more recent
developments in the field of motor control.

One should keep in mind that motor control is a quickly developing field; so, a book writen
over 5 years ago is doomed to be obsolete, at least in some aspects. This is true for
"Neurophysiological Bais of Movement". Please, accept my apologies for the outdated and
imprecise information, which is unfortunately present in some of the chapters.

While I am happy that this book becomes available in Farsi, I would be even happier of
students in Iran were able to read it in English. English is not my native language, so I feel
impartial and free to admit that it has become the language of science across countries and
cultures. To be successful in research, one has to be fluent in English. This is a fact of life.
So, having a textbook translated into another language may be viewed as a positive factor, an
attempt to make the material accessible for a broader audience, but also as a hindrance, a
factor discouraging students to study in English. I only hope that the former factor outweighs
the latter one.
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I am very much grateful to Professor Ziya Fallah Mohammadi who has committed much
time and effort to making this edition of "Neurophysiological Basis of Movement" available
for Farsi speakers. | am also grateful to all the future students and professors who will use
this textbook to get the basic information necessary for a research, academic, or clinical
career in the field of motor control and related fields.

Let me finish with a classical verse by Omar Khayyam (which I took the liberty of translating
from my native Russian):

Contemplating the life I became wise and old,

There is nothing that I would not know in this world.
Now I know all too well that I know only nothing.
That’s the ultimate truth you have ever been told.

Thank you very much,

Mark Latash



oy s ol gldonso

O & 5 Olpl 53 Ok smdils lp (LS, (s seidon s loh LS &S pdins 5 Sl e
G AL 55 f03,08 e il e el B G e 53l 4 813 s 53 0L
O sehee Waos 4 OULS oo sl6 3105 5 03 52 L s &Sl ey 5255l (g3l o ; DL ooy sl
ey o S

Ol 03 (S, J S o Hsbar 5 (S she @ ol Glodilih Do plo ) 5ba
555 saelBiils 55 Slal 0L gaedils §pam Ko Ay dald e st QUL 53 3503 552
S wolp 555 0L 5 555 laaliylasl s Oy Oliie b OB bl 5 plos
(Sged Oymar laaa) 53 aly Giisel & ol (pl o elel plazils |y 5S> J 28
& S ol STs g sl g STl g s el (558 Sl Ol 3 5 eeS o ske 5 5L
e oS il 55 (S 5T 53 GLal 0L sl oS Slo 5 50 wials 2,28

oo 53 Ol Tad 035 (S J S el (S U S e Gl ol i
53 b s SUS 3l Ol S G il 5l anis 0T 4 B 3ls 30 S el s
Sl 51 ol o) 5 eedlis i pl oy o LS @al B ) pite 5 b L
s RS ekl (Sl nsdan s cdae 55 npd (SeS S Jold) s o 5 e
5 el 1S J S Gballin 5 (S @l mbass AS e oSS UK L il
Jlo oo Woldw, AL1Kails S >~ pole oaSCails wy pasy5 Oles 53 oo 45 (IS (s
CE_E_A Jsl oS 3 (ES, S5 50550 el Ay sl sleli ‘(s;\; (sl;,_;\ 1440
s OUS ol Ol 4 jaie ol )3 S35 bl wlis S

iy S s Sode b aS el (3 5l axas o (gl glae s oDl 6l OLS ol Gs
Ll heny o830 53 o S IS ol b3l 5o g o S~ poe a3l 0 sl
calp b Jols Laad; 5l (glos mS aals 53 (Shde Sl 5o 5l ey Ll i IS 0L g2l
il S e My D a0 f 5 2l (S i SapelS el (ldeS -
1S ol @33 (St ey B o S 3 06555 SSLT Wll ) 05 3 Ayl B
SOl Wl s aS el sl 5 xS Ll b oSl oMo as  Llo il |y (655 50 5d -l
s s sba e 013,850 1) S, WD) 5 S el (SIS Dsel w2l
Byde Jold b S d S0 50 el glacs i Sl



Sy Sa59ln e bl 0 VY

St Ady b 53 G pmay aS Conl lada> ¢ 38 > J S aS sl acils sbiay L sl
ool el sl S daac S s Bl 2,08 e 0T Ol 51 JL 0 31 i oS LS 0]
s e altde CSla Ul S e Go (S (K505 38 058 ol QLS 8500
A e3,ls 5 g s e b 1 s dlialis oS 558 5 e DD

Ll ‘(way Sem dale st s 5 )l Ol an oS ) a1 51 e aS s
AL 5 e ST OL5 4 0T 0l 4 3B Olal 53 DL petils ST AS al et Sl
s layiS s Ol al S ey e B o b o Ll et e 53k 0L ST
0 Bl 3L (Ol 3 b pe S skt n sE Ll ol ol OL5 4 L K b
4 a epl SH0L3 K3 4 oS G aer 5 uen il il i Sl il Jals 0L 0!
0L samils aS el Lol el e ol e33ler g oalinal b (g i OLbLRe gl ) ol
Jolo a5 olsdnl e a0 oo g wilo G303 3L (ST OL5 4 OF andllas 511,
Alesade o s Jule sl

035, Sl o 1y 63L3 I 5 0Ly a5 o5l Sl o D6 sLs 353 5l oy
obe Sl e e el 03 500 QUL el i (S (S s b LS
DBL Fsel (G S o528 5l DLAbT Sl el D S dslal 5 0L il
bl SIS WS n 0 B e laes 5 (S IS0 53 L

eSSl s 0L 31 L 0T aS) L s 51 ol K L L 555 Ol 45 s o3l
il OLL @ (les S aar 5

A pshas e 4S U s glae 3805 b 03,8 S8 dlu 5o 5 olis
B3l e

LY SL



‘“:— ‘uis’ -
b ) =

6)1_9 GMBJD.«\JJ\ dwu)lsd_}\ 6} J".})bgf"ﬂ)"\;)}‘t"""@ w.«\fdl.w\o QJA).)&A
¢>J5da ede.lw\C,SF L;{ij).‘ﬁﬁdj)ywLw‘uL’ISJJ\CM\Je.})\L&\MeK.&J\b@SF
W55 Slasls (Sl sl Ol g ils Al a5 05 5Tl Bs 4,08 G (!
Sl 5 gl 1 OlS ol aS Ol 5l azws O 3 S oo CiiS |y e sl Soluil
Obbray Olsl8 ladlimn L L 55 OLS (245 5 (g5l b laasend lajlinls 5 A3,5 o0
el 53 b T 5 o 90 fian o 54 8 (200 1) 312y ey e 5 25
'“V"“SCBA’*’\&S“\’*
455).3J"Sfﬁjl;ev&.iﬂsal.uebiibj\msddb{ww)lSCH.AJJYl{éLADJﬁLg)Q}\
Shmiils 2S1 sy il 5 oS OWL bad e slaand ) 5 foass aelsl Jlisa
la“ ﬁ‘f”ﬁﬁd‘é"zﬂ duev\ﬁb .))‘j UJ\CH_A)Q JJ)JSLTA A_Jl}r.@”)w).)u_i“\s
Sl o OLsellls el aSdas Ol l Lo a4 aS 5 9 dde Cgr ol 5l S SS55) 55 5
)M;SF,@);quuwg&ﬁoy\ﬁ(aj‘yuu\;‘);\»j\‘@sfo‘yw\oww‘w});
M)\b)yfdlﬂu\

)e..Lj:JJ;'u QlSF d)bﬁl{k@b)bé}j‘ﬁ}:ﬁ))}} L;SFJJLSQSL“UFJW))
oalis s i 3l oS Wlos, 51 Cvnas (glake>s LB lacs oy Il D5
yd&&ouj@@ﬁ.;.,\;.Me,;e}Mou;‘dsfuuﬁ“d@,s@,#‘é\qg
xS BB J sl Ol pea @Tg:ﬁw‘dbbue)ydbs@Twﬁ)x@LAJLWQTﬁ
35 SaS g ebile JL Eow LB ansl 555 el 4, L
“;"‘“’b'.’.) D4 ol U.ﬁ J_}\ ng«\JJ“_} B “Sf'}y d)_ﬂdl’& QLAL..LJ:\ QL@)\ uu}\ JL«J)‘U
;J)@dumj\@wwy.>ﬁouw\cw\j®udg_du SR XL
sladl s [N S5 e S glaal gladens 51 =5 E(ss\sﬁ.gzj D) Lﬁl.aﬂsj} sbdies

'f’ﬁj-éuﬂ“. dbji:ﬁdv\ﬁl{\)d\@jf%

1. Synergy



Sy Sig g polel 0 V¥

ol LT3l e bed JooSS dpdr b i L ol Sl 6 08 S el 5
S es 3 i Ly Jad e S SN bl s Jag e o S e S
3ok g3 Sl O3S diad 0 b 5 (6 sl Sl LD She oy slalirla
S eslial Lo o 933 s 5 (10 OF 31015 g0 5 e3ls (2l ) sl (25 WD

S e S Sales 58S s St Sl s e STl et ol ‘o
S e by edes an iy JelS alie LS oS S eslel () sb [ DS nils dad e Y sl
S i e 5 (Yo s V) ddr Jad 95 cp o Sl 5 53008 it Ol pomelils 4 [A3LL
Ao 035531 Wl B3I S Soalan 5 58 il slagy i b Logies

el L Ayl bt S Il o5 5 el )lS VL (slap 5 e Olon 3 ps3 ol s
Osmelmy p3Y (231 31 51 0L petils 8 ol add azd i (55 (i ol b Sl
s o olrl s 4 ba fead sliss 0555 5L 5 . 06)15, 5 1 (OLles 5 SO 1S 4l G pd
Sl b bl s OF eis Blaal 5 545 0Lyl vgm@b a5 Ll CIlas
e OLL a4 Sl s 5 csle G dsb o ead 0 a5 05, e

5l S e L as Sb e Ll (A5 el ) el 5555550 O LS )
o3 Y s 3l a0 e s sl OLS 03,8 g gl e plecaly G oo s CE g a8 S e
ST 5 S g b Ol )l L Vo d g s holec g dode SIS (sl T (S o
IS 5 &5 5,5 5 S IS sl (S5 55b55 Slidde gladomy (gl 36231
Sl sl Ll gy o250 3 g3 dn 5 S e 5 6l s

1. Prehension 2. Zatsiorsky



3

EVRT

504 o Al B s Sl Il s Lo OBlae 55 5 ool DS Sl shes 0o S
cails by s Ldl o3 S br gl Lab 5o ) Wl cosls 513 clie cmd g 3 b Lo 5 e
3 e LS Lralr 2 Gl L L Oledbl 503 S 515 5 Juls OL8G3 b o3 yad (551800
Slial 4 gl aeS s sbewl G L.l 01 0355 sxe L 0Ll bl S > S5 o tegs
53 Sl iy Lol e 3 Slaal b g3l Ol ol (SKae DBl S g o s
L ey B odate glay s L O Sl ol lis ) des Ghse Jes
s ozl CSS me b S > gl Ol s 5 Ll oS >

OF Glaskoas oS > S5y 5 Oladl 00 Sl 45 ol daalp )3 (ol ol andlas L
S 4SS S5 L O o Ll 5 408 e sz b IS an T Laseis (Sl o5las)
S b laediSU 28 11 (63l 5 SLasl Olasl S s s diS oy Jolge 5 S >
Gk SVl 5570 (e e S (o oS (5554 (28 (e S 3L DS
oS oo b laaniS LB s S S5 e S s 5 LiL e o3l mle 5 g
5o Sl Glakans 5 S50 s pag Sl Sl gla gl Ol sea |y ol OS> Lol Ly
S A2 0

Lo S Lol ol 5 ol (803100 5 sdalie LB LT3 el Ol 1S, andlas
(WL T 2as a3 B sladul s 3 Vgans SbL )l ) a5 CidSS oy asidn
Slorona i 43580 45 ol llan ] (6,550 gln 8 (3L DS oy 525 s
0 s b 85 s AT s S e Ll 1 0T Jases (g yoee Julge 5 S e 331,
O 5 35550 e GEB L W5 o 46580 53 aS s o Loy e 1) S35 85053 (5558 Slutal
s> Shes (sl alos S Cnladinl b s 5 Sl S (5 pSmanas Glp s onl 255 b
3575 b andllas gl ol 51 5 A5 g s LTl DLl sae S gl (8l ol S o0 ol

¢s,ls
olwdl O glid

ijdjb&iwMawvﬁuwji)u;}w‘d‘awwqu\dk
Al e (ju:\obsj.ljjd\qu slis S Olpea oS ) sba Sl odony PS4 oa
LLSL’JSS.LA@.JEASC”“”\J\CKM‘GWM&.LJSCK“A>)“:' wj_fj.}a.:‘)é



Sy S1599n edeye bl 1 V F

Loa o ol oS asitio [ s)ls gy o s shane 5 e OF L5l 0350 53,
S35 ot oS a5 e e il S ey 5 e Slac bl Y s
G yme Oasl s Lo 55 85 Slin 0l 5 1) Laag a3 ol 51 (laans 4Kl 51 s el 3l 5
5 e b ) s Ol e LD et (A 03 S Sl S Ol yrea LS
Tl A a5 23S el S 05 ) (Sh 5l e (i QLS (nl 3 3 S addllas et
Sy el gl bl gl opl plalid s (ol e sa 2 5 b pal el
30 S S US55 SalS 3k e b S a3 e S Ol e il ax S
b S 5l s 5 S oo sy o G S (S5 50 s Julod s 52 ol
Lgd e oslinel Saode NS Sl azes S lp pelie i aS K 58 sl J=
Gl S oo S (e 3 gt a5y BB s G s ke DUl S
5 3 5es Looslo aS Cils Al s s L;f“\ﬂ‘:i}uikck"“&i 4S Sl 350 aasein K
el = Sl Ol SO L i Gl B (g SO e — S g

S U O J S a5 b bl e Jede s o sdes e Sler s LS (pl s
Mo i S Ol ey et 555 ol slaag ol Lo sk ] 4S5 il 5o S 0l 5
T e S S )

Lad sl Jsl i <

Sl fix <

FSTERAIPP R

Sales 5 JuS il o)ler i <
(Al ons 5 4 iy Lol ooty i) 03 500 L8 iy 5 4Bl Sosd slajld, ol OLL o
32 ol peSior b (S SV (it (2 (55 o bl e
By el A3 s ol sl pbas B oSS s

slatnl b dheanses, o ol 5 LS OLaSS 5wl b il 45 s sl >
o glads |l (gl o g Ll g S glite oS g4 52 C)L»M}L:JJ\S&LW«‘ P TYSIRY
o 5 g (A slie Ol L3l Cl (S Sl deadedin DS > 4 bs e gl
ol SO LU andlae (gl eslinal 5550 0L LG 50 DA 1S 4 o
Gl L b e a5 ol ol (Sas p3 (25 53 (050 (o ) spe S50 ko)
e ol 3L 50 gla ST L s

1. Gelfand



VV 0 ey (So5o0s 59 98 obasl

oS il jlw
R TN i S 3l e ] J2d Y0 Jols S ol jasin OLS pl Akl sl
5 Waeils Sl g b Jaad ey I | (adds A0 spu) Yok Gl S AlS
ol e s bl e OLL Jpeed 200 I GLSIL SO L g0 IS o sls
SSd b ens Srerss Glp U5 o bh LS Slsme vz ol odd ALl SLS pl e o
s Seslial S gladdsl g OS> ae

Blos Jals O oSl oJs) oS AT OUS ol Jsoma o (Shs Lir 2 b doas o5
ﬁr*ﬁ;‘ Cjk.abudwdljb)y(bb\" S o b sl e s s >k
o S S laddins AP Oz S w5 4ty VL Ok gnils S50 s e ol
4SS Lls pad 0L palils K s diitea > LB 8 5 ol ol Jilaos 5l glanls &) 50
Fle 5 (S a8 ol bl b 55 o crlnbe clilodozmn SGplaS 5 osla Ll Sl SGplas
o, S) )l sy OS2 o eale Bl ol pds) glagaly s = - LB 2
2 02 S e Al s 5o Lagaly S10 55 (5 o 00l el Juad aslsl 53 g5l
3905 Jilee nl5) (i Gln alr p3,S DL B S Oliman 5 55 dal o ks Laadaes
YR

GLabzal 31 Blos ol ol slgidoy o lo3ls gt (gl Bl (golims (25w 8 OLL s
3 S (S5t el s G S 55 A5 Lt (b s edd 4 S 8l
Sloslinal 5 Grae S5 5 3 @ Tl ol alol Ll ey o251 3 38 > Vol
ol s (ol s a8 53 LT (sl (Al e L3 55 0 )l 5L S 15 J et
Wl 03 Ol pmils B s ol gor i Wl 3 51 (50 05 S o 1y LT g o il g
sl b (F s dledd (LB 5L by Ples (pl 51 (S S g | sl 2l
5 oS oo b 0Ll 5l als slaes S 558 o sl ol i ladl s iz
ki o b ol g o Sl S« S b A1 (68 Ol s 3L Sk sla0 el 4 e
il 4K 6 i o ol i Bl o (sl b 0Lt U5 i 5 5 L]
033 o S8l Sl 6 S5l (gl LS 8 Jilas | g ol 55 3 Wl il
b gl e B 2o SUasl 0L selils 51 Sl ol ol sl oS8 OLL 5o Lacl s
SO L oS A 5ol 85000 laadS o 5 (e ol L sladl e dile) dis Ll
Sobear i Sl 5 JalSe ol Ak ey Il g gl STl 4 S 2 ol ey
) e Ol e Ll 6l Sl 5 0T e 65U Lol 558 Sl o jsb ol ST,
gad sl sl o el JST o Lol

e G 055 A el 4,8 515 S 3y 50 OLS OLL L3 AT 655, 2



Sy Sa5oln e bl 0 VA

S 0T 03,5 JolS g (4233 40 £luS,8) Slaj o534 b 53 4 oS ool o3 2 Sl Lo
5 Sl 03 et o sl el YV B VA w3l a&ileslog s oplplo £l
5 G sl Wl o0 3 )ls LaptalasT onl sl 5 sl 53 ege 205 0L

ile3 gl gz Lo (51 1y ol Lol ¢ s

SlS ol o
Sl Ol o lils 4 SaS gl (B 30 50 03 500 ol LS ) ol Sk

ol S8 s H5ba U <

Aolys b Oleids 5 pwae glajlt b codlas dad sl >1b 65050 (ol li~ U <

S e 55 1 @bl S, a5 OLl G e 35S 5 b Gss Ghie U«

EUTEE

£ S oslizel (g3l 35 ol 5l Bl = g U

5 aS mLb Bl cpl I 5 Guioss g a3 5 a3l sl lesT G <

Al b O S b s s 5 03 sed andllas | A DLl <

o S Lea YU Cj.la.w); Sy50 Foo LYoo syds das o Jidgy OLS cpl oS Ll
o by e gt diSeslinal O 51l e e 5 0L gmlils a5 sl e 5 0L 52l
83 Bl 510l saiils B Wledd a5 Olslp cds b a3l Jisy 5 5~ oVl
S LAl S5 e Wbt S 0L s tils ) S J g a5 s il axdls | ol Ssbl
3P Sensbe (3 5,8 Gt S s o3l e Olea L OIS g |y J g S
A5 DS Glaadr 53 018 e b (63,508 Sl g 5 o 5T laad) o ASle) Jilows
2 S ke

SIS sl 5 b pas a8 o)l 5y QLS ol e sl sl nda L Ay
Slos 2l U dms ol dls 5 a5 daly s e 08U 5 el (SGSG clsl,
ot S5 R



14

Jol gndiy

bJ gl

YV L ey 5 b ol )
¥O Jos Joily Y el
FY RSV 2 R i WY
P I COMPIW-P W
VOt Lok S 0 Juad
A S Saley oSl g oS> gladsly  F fuad
LT P S92 sadlsm



