F:‘m‘te - Strain e{o.stu'cftq_ th@"eﬂcas =
o—

o Kimematics . He ..s% ﬁ wobiny. aundl 1 & Ha(z"fﬁ(;

lel'near Soz.o(,
”5" mation. without- W Mechanics
4o the Cause. L. J S & URH@

Gnrn:tk‘f::‘d‘“ﬂ-e- LCJRF[T%

‘. ch.
4 3 B, BAHES
-
E /
Hhe Loﬁ n‘s{e:das a set

perticles , labelled 5 fhe coordinates
XX KD wih et 4 {23

He curent positim, j’ #he

i fine Lxo. particles ot cime + 3
mocterial peints ¢ Ky, K, K ) wrt {E_.:}
.4 K L
e Bawd Fosial pits <5k
. Xz ¢ o= =
xX=P(x,¢)

e

P[ACeMeJlf, Jl'v'e! '”lé a‘j’ wration ﬂo ag '%t&

[‘ﬁ



* ome- to- one (.@(aft Pm‘ifj at #he Lﬂant"g: cm—taet)
. an'enﬁurb'on-frerewf? ( det F >0 )

O< ) nan-physical |
)'j__)* é W 2

3

D.'srlacemerbé: U‘-(X,f)"' %(Xfé)—)*f'}g()(,o)

/ = K - J-z'I XJ’.
2 vectry em Ox .T
Note - the ambient \?w:e. 5 Grfef:bn

r:'jfo( Mobion,
X= Q)X + c:d:)(-\

1:'}:'0{ 'l'ranrfa'ﬁ'm
Q s proper Mjﬂn{ .
dee (@ ) = 4/ QQ=T

r:j;al tation ,

Dejermqﬁ'm Jrao‘ienf .

AX, = .
B B(Xe)- BX)
*R(xrdx) - L6g) - %ﬁffﬂ)ﬁ- (%



We call 901‘ . 94( - £ e o ; ma.’reaf

F"’ =& — - X
A = Y
/L:.z_ﬂe-‘- ® E, F=F Eoa
A A
- i £ \
cwrrent / Satial ‘,-,”.-5-.@{: s / T & ™
. ‘.-; [) ASrs Ntz f‘a;-{_.-‘i F )J.‘: EI @ e.t
L_;,-z-&}-a; j.A 5

T ox F198 Veam-f &
~T
- -25":' Vﬁ"s‘ N qachher .
F ax; “®E; % iy
o feven
. f“ﬂ{- "( dX = F,()(
g Ldx]
o u[/ /gﬁ
P bt X'z 27ty
’ 0 T
A CIE TS 2 L]
% = 7 (H+6X) | 13
& , f -
o 0 L5
) Bl G, ' .y .
i \ \ _ . F = ,
E, R
T | o 0 3
) (1)

A= e g 1'7
(7



i ofA = ot g
forsf- ¢
&A = Z('I)T*J- h ’ ()
ks Yty e dok
L"f’ﬂﬁe <Kpansion (-U-&J./%" =
i /(ray‘A )j
2> (fA). A, - Hr TRBAA
b j A s mvertible @‘A:@M) ET
Lﬂ\" Gw‘t"a .?jm LOL :
Lth = 755 e. |
i I AGA T Gk Aty g,
3 3 3
VW =
EJZELZ: “Gheyuy,

&



A) Ao = ol i 4
(oo s ij SdetA = 5 ik &, Asi Ay Ay,

[ —

%‘ (C#A ) :] ) TZL ‘7A fjfr /4/7 Abr.

Gt A . X =
> (afd), (vxw), (CafA)j. & U0,

o




J;coLfm J e deé F
-T N
n.a(a = /i‘f‘_—N AA J /\/ans“on "sjcnrmwex

F :s' ::wed'.‘ﬂe.

—

Ly e [ s

H
S 95 /ww one c@e He  rnteqratyon Vanaﬂeﬁ sate mﬁm

o onentadle P:f«ca ( €y, tmction inte m )

Cmc;lcr a Va[wlie 'Je'ﬂeﬂ/‘ Jx (0()( 6()( )

74? dﬁénﬂi‘:m
\ e (e x g
T (P <

= dx; - CFofr) (o ko, )
‘J dx; . (a(x;.xob()
\ |
g

~ . Jdy |

___(V)

—— el



(4



Stm‘n.

/k— MeASures %71‘1\.&9@&

Ay« dXs = FdX, o Fdx. = dX- (FF)ok
Con sl B C
/IJ: /-)-T-a/—ﬂ"'/:—;:zﬁ'a

m.i'enh[
wnsor  haown as e ikt &S{V—G@, cefrrmabion By
/ e

A[mmv{,) 2K, A & f?«, . /5:/%

=% (FF) ax
S

~
éj =% Ec’: 5‘1 :6

»mfen'n[ -._‘ens’w 3 Gmﬂ" qu

a .
—FRN9E _ Strainy Zensyy

(&



o (dy - dtts - o, dXe ) = 4. e dx,

i = .
€23(I-%) ‘sf"’*""{ s | Eer - Almans” st

\ ~&a55

Remork. 1 - 2F = FF-1 =[(—§)%-)+I]T[(5%<L—/—)+1 s

= /22U \T, U
ax | (5) + (5‘%4* (-_Q)T)
7 .C/nML-neﬂ,-r 6
A€y
€ = 22U . ou
+ ) fuitesimal sty Gl
Séraig.
(l' ar A -
ik o o %W’“"'M. we dj nt
E. /ﬁmﬁu& “X ana(/(
Fu'r enqineering materials E 3 3
: A
P
6} - Q){;ogﬁ‘_ % L—if-r
- . < ,o-3
H«J‘, 1t s acre/ﬁ/@ b «se E X/

as fhe 7aaa(ra1h'c Cerm will Vanish, .
Wiea there ;.

jfd mﬁk"ﬁl'arn‘g,
W
w TRIHE=QQ-1 20
€= Q+-aI



_ Cos @ Snd
Comsider QU riabons Q - . -

€=(a0-) [ 21 ol S st

extrems case 0%  ga-g Chaot /)

Moe o He éﬁrmmﬁbn Jmofmrt.‘ :
Specf:mm w:ﬁm .

.
, - ¢
Hheve eKist {M«.j and ia} 22/,2,3  andl [ha.}
™ + ’
materak, spatial
j q@md 2 "Vﬂymﬁl
7_‘—\_\
Such Hhat I F = z A ’?LQ /?
Ry * A \ principal ,17{,,,6 wbial
ﬁnncr};&( pri \u_ f.?a./{. Spuctial a{jrecf”b' ‘aXes
Stretcheg irection s, ’/m(e;
4. & A |
/F - -L A‘L Mm ®'-Zi |
1 - j_lﬂ_ e ]

X

bs; i &)"A“'n"’

= 3 42 a4 - =
Fan=Z0N, %7 = 3u N,

(4



( a=| Sx)
the notism ﬁ’ Sérin  can be jenem.&zea( :
(n)

= A n -3-': 2 =
E =g ht-niiel, Ly o-i)ieid.
az|
cmal +he bam#mu‘c_ Stram

3 - - A
%= L0 NON,  e”s Sunien
C as) a=y
Infzresfirj jea:tures. o InGan,réS}‘.'A‘Lﬁ Y 0

. %Lmef;n‘c: anol ,q% iSochoric /Mrt‘r
are Qaf'ﬁ'v\eﬁ slitedl.
Thas, ja‘m’f S€rasm ﬂew be comes S?m-ér to
Smodl  5erpin -Meg'

T pochive. ve ofier fom cople Lo IN} &
{ ?\“_3 b F‘jq""""'j i?en-ofe&mfm"h‘m; Then R, = F /\2: A«,
/ °

Ajlm#»;.. W.M. &Aem;j,, & CR. Dohrmany
CMAME 197 (2008) 4oo] — 40/5".

3 /e e
A ouns a. Ci+ implementation. ﬁs

Swced. N pd ]



Volumetric - Distartimal olecomeposition

— o D Zu me — /J're?;erv'.‘/-zj

-l /
F - (J /31) F BT or Aitovliorad part.
5 Mo ( Obwbui[] /-: = j %F
pos, -~ A
> I_ = Z Au‘k’aa /\/._ Z = -%3
oo, moslifiosl. i b = W
atio, mw_,bﬁea =

%ﬂ rrnectlon ?’*’LCJ&’L;IJL\'{&L P riiﬂfﬂ})c‘u{. Stetc .#’Lé‘j
)i‘(,\of.ie-u‘& 5 )

Aa,

Rj= JC Smo & R 51»-, CMAME & (1331) 3B- 310

(%



Tfan;-[mmt‘a}m 0]0 1{84507’5 :
v —

f«sk- farwara( yera‘ﬁb?z 7(*' () - ,gm,%m « Afenser bared
m e _74’5"1' %Mﬂt—

fJf“ AML Yemérbn ?(:(,) - %‘(.)_. -émn e g 'fi'lll“dr /a.cw(m
Hhe current @q}w&'ﬁ‘ﬂ + fhe

jﬂdee 7)&!4\-‘4{10‘1 ;

Fw covariant Lensors ( E.c, €, L")

AC) < FOYF ). Feor

P KlE)= FEF . Fla(r g
= -5'- (_Z--. g’) = e

Er W"_“".'é +ensors ( e -', 6, most séress tensyys )

Ae ()= FC)FT

. -7
= FFFF =T

MEtNL —teps {ia &/‘4&4
W arel angle,



-7 = 7
For  covanant vechrs: %Cy=F () Xxl) 2/:(')

for  cntrasariont vectys. Xal) = F() gl F ’(-)

R‘o‘a. 'bmns Maction,. J
e (- '
j’ ~ Srkt.aﬂ Wc'larr

\/’—\me

)/g[oc-'j= V(X'f) gt/ -Sa(x f) ﬁ

ijan a7
- 5;—/% Ulx,t) "ol ety

w—é{mer, we  oles,: (Y- ¢ ’ = J
o o ’ 3;./)(( )
Va2 = U
Acceleration . Al
i) =2
3 /V(Xf)-.azu/ Pix.¢)
=2
2 Ux )



F - P AROR _—‘/“’}(ﬁ"(:o ¢ )
acjmong(%f) ¢,

Sx- =AF
3 Rz FF jj:_. - ,E’
. . o
FT - -/—‘-'_Q =t
FT = -0 F Foo=-u £
T



R =
rd

Spin tenser, o
2 deg{te 1) rate of rotatio et
e b '
7 rate jq Shin  tegor
F j(....-at meck, ‘7&(,, e

o SR |

" BT " R —) W-'-f'(l-f')

= mEaay <y,

= T.OL . .
/: F' or Simfﬁ E - %:(o&)
f“'j/" Aacé m,n[
Arrvendy G e 2P E 4 densor of
b=ab+pgT



__L'.e‘ time denvative .

Consider a spatink field fox, ) ( plysical scalar,

vector, o tensor f“"’aﬁ ) dts Le dme oborndive & abtaine

n ﬂej{[mg 3 Sé?s
a1, f«dl f AQCL b He reterence cqy‘[z}urau&m

F(X.t) = 74;' (jc-«,ﬁ)
7
ass0 ciateo mectenad Sl ,
L. H4ake material bine dep'yative . 5:'

3. pok F sl e corent oy,

T Aepr s g (2 ) = A (F)

%) Liey = FT[B%(FTe F)) F_.’

-nT ® ..-.’

(1



