lecal Eulecion Balance Laws

fel

A

ntb:"rws subaot O

T Censervation of wom

QX ,b)

Q.- p(e)

Harn of @, : H[Q]= [pzpdVs
Le

no reachows or relahvishe e(red's =S e 18 connbaut

d
dt

ML2,.]=0

lwi bl obwsiby © HIQ,) =S Po (X dVy
Q,

Cusrent 0(94/\)3;}(3 HILd= S Pace,E) oV,
2,



wafue:) dV, = JX DAY, ol -.S=o!c\'(‘:)
Hlad:fpexndV, = § p(RRE) ) J(X.E) dVy

v

P (%O

jp...(x E) J(X,b) AV
=> W[oI-Nle] = SP“(XE)?S(EBAV gpcx\olv

§, [pu 80 3050~ pu (8], =0

L\'j acbitrorineas °3— 2 we have

P (X,t) 3 (X.t) = Po (x)

Laaro»ua ran stale ment oS wmans eon secve.on, ()_(_\

.
Covverk to Euleriau: ¢
Q

ot Pwt(x L’) UCX t) '('f;m(x b) A _J(_‘C) = _ﬂ)=
p(a_e E) 3 (V ‘u) .

o‘ivfalinj b\«) J awdl scb'\l'clu;nj bo 6I>ef"lh.( Olebcﬂ'Phbm

Pz k) + peet) Vo weeH =0

= U, +p VU =0 local Euleciou gorw-




ex fouuohws) Ha malemal decivahve we haut
P-)
25+ Tp T +P Varir =0

Ve (px)

g_% + V: -( P-p_-) =0 conservative lacal Euleriom (’0"“‘

Tiwe olerivative oF in(:eara.ls relakve Fo men

d .
(= t) p(2s,€) o‘vsc = (:_c,l-;) ?.‘;lf) oV
olt &_:” P S:P I:C %

w e Pcx.b) is auy sf»q.l—fa.l scaio.r-, veclor or fensor g{e\d,

Lt¢(=_=.e);><1=.t) AV = SQ4>.,. (%) pu (Xi8) det T(x,¢) oV
poCx)

x,t) AV = X.t)p,

;_?(E.b)pc_ )l gzéu(x E)po (X) olVy

Tale decivahve

fe S peopeendh § & hu ) po (oY,
= [ d(X.E) po(x) AV

2

= [ 4u(KE) pulxit) det F(X£)dV
= § $e)ple)dV
<2,

b



Laws oﬂ nerkio (Gm[{[ee & er"bv\.)

lineer wiowmeuluwm: L[o,] =S P(,_c‘,,),__,c&e,avx
S

auna u.laf momnmewn "u.w . J [ ﬂe] ;Liz-:- "_?-) X f( x b) Q"(’.S«HOW::

With respeck to a ¥ixed frame of relevence, Hu
rate oF chauge of lineas audl a.laau,la.f mementum of
auy £ CB, equal Hu reoulbaut fara.g.-l—crc}uc
aboub e origin

d -
ot LLQl _Sq_fé.c.&) bexe, b)dlV,, + f_.(;_e;k)olA -

29
:{‘I— \l [al,= SQ':} X pe= k) bl )N, + —aSn’f x b=, t) ol Ax

Qo

I leckure 2 we omuuned, d.;l;..-__o_) ‘j’t—:_q
=> ecfblu en[ua\‘fous (static)

Tod&3 = l:romsieME COAR -



) Baleun ce of Llineac momen Fuun

For au o.\'\:”‘raf:) Qp CB, we hove

j‘E!PEAVx=S§°‘Ax+SP'2JV,‘_ (;_,=-3)
2 29 2
toleere f’:.’fté awd b .:a.rc srah‘a.| .?fc,‘dp, k:‘;&rk
Co..udn\) shress g(del: k= sn
ol
cl prdVe=( snodA,t ( pholV
d&‘gze‘a § sh SQ_BP 2%

u»iu-\-) +ewnor olc'vefaewa. Heovern

w:lws ducivalive relafive to wuwnn
:gchy;- Vg -pb oV =0

b:) Hu &fl')‘l’towtﬁvum O‘F _(1.5/ we 'AA.VC

r‘é’ -V-e =j=_\g local Eulerian -e"“‘"

Alse refler(coaf l—o c ¥ Co.u.chq\.s girsl' Qqua.l—fauac mehow.
() | ! '
=y 1..'?=Q’- V-§+P_‘?=o |2=-g

V-g = pg —> leckure 12



Te recorile Hiis in conservahue @nwwt covdiol”
HAJ- Fol(mou);uej

Miun moss balance | = - V.(p7)

PT = (F2) + V- p2)z (VL) (p2)

wing V-(a6b) =(Va)b +aV-b  (se HWS &4)
PU = 5t (pR) + Ve(pw ou)

Henee we Wave conser\ra.\-{vﬁ lecal Euleriav Qorwt

—?E(f?_f)’r V:(pzev - &) =J:\3

consefveod| <1u&uﬁ‘\‘3 2 pPY = liviesr wowentum
aclveec hve vaow. Flux: P‘g’ay'

Aif@u}a:u& wowt. (,(u.x: -8



) Boalomwee oe a.\na\ula.\‘ MGVVICY'I"'_M
) U

For au arb;{‘r‘afb Q. QBt we have

dtfmxpv'ow = {xxEdA, +S=proW

O-Q.t
TLJ. lcp- ‘A.Gw.o‘ s;ob. Ln.cowu»

d ,,

d - d a
fgfa— x ) dV, Snp;;(ze xvw) d\, =

=_$P(?E'xg *Exé)"‘vx
L

'e lk [ ]
K

9 g
W
10

={ plzxd)dY,
L
.Sulp.sl-l'l‘ul-fuj Ca.u.cLD stress fidd o rl.s becoww)
S‘f(xms)ow = Sx x &n dA, + S P(xxb) dv,

5‘.)_(: X(f}," I’b)"‘v‘x. Sga'a_gxg_o\At

Q¢
subs‘{(—u.‘-e lineo..r moem. ba.lowl-a ﬁz‘r —So-\g s V,:‘g

S c O SAVAY- ) de=S=_=_:x sgo\Az
2 = w
This is emc\-lb Hoo statement e had .rar Yo drabic care

in Lecture 12 on  Mechanical Eﬁu{libr{u\u,

= & = &' extewdsr fo transient coves.



