Theoretica Ph.ysics R Mechanirs 2
E[r.c:?rao[}cm.uics 2.

Dr. Awdereas dre SE,{
eraised @ [ ‘{'p. Lnt- [e,ipgig, de
www. physik. uni -Ir.ipaig.é.c S~ lred el

Othice howrs:  Fr. 3-4 pw

Exercise classes

Tue,sd—a)r A3:30- A5:00 S 224
Aasew Fcﬁo.an..k

Thursdoy  A2:30- AS 00 SRS
Motlias Hawse!

Exercise. sheets - qivew out weekly

E&Quir&mf to tace ?M‘:r W BROA Eoﬁfa{fmhﬁ
v Sowme exerciSat To b hauded iw
¢ Sowme txereises to be discussed iw the
exeroige cloLge pn‘lda gra.d:eo( {or w:l(iu.%
to ?rE.SE.u."Fc ot the blackboardd

tp 03 wr howi row



Literature -

W. Noltiwg = 2 Awalytical WNechamics
3 E.’ltc:::roa-yu.u.mic&
4 SFC.L}.a,f Theory of e {ativid
Hbﬂ-&rkm?  Rower » Theorebia! Phygics | & Lilasgieal
D.PPTQMQ ISPriu.ae.rr A92 3 |
Lomdouw, Lifshda @ Hechauics . Butter wortls - Heiuswann 2008
W. Greiner : Systems of particles and Hawiltow
dywawics  Springer 2040
Classical Eleckrodynamics , Sprieger 4928
Griflithy o Classical eleckrodynamics Pearsiu , 2004
&u-c{:s.m : Classical _L(&c.*':rqcﬂ-ymics B edidion
AQLLM. Ui{v{[ 19&2



wahﬁ.‘{‘ S

!
1) Analytieal wmechanics © short rtpmi{-iaa

2} Howmiltow ?ﬁu.d}b[t_: Coleulus GE variations

'Lp.%ra.m.%g ECtu.a.-EEDng conservation laws

(Noetuer +theo "E.w.)

3) tomittow wechanics Le_awof-re; teamslormation,

conomical e,qm%st of wokioy,

ackiow Pr\H-QLP LS ?DtS_E.DK bra.cke:?&,
, ’

Cowopuitel traws Lormation s

‘rl-a.mi'l'{oﬂ—l&.cobl theory
S?t..t‘.ia.l reiq:&u;i:‘/

Eiwstein's postWates Lorewtz troustormation
CoI0LE, n.u.t -&)f w.u[.&,!riow o & CI.O.SE:.'& Lo l'
e ot 25 |

Eltcircd.yua.mcs 2

r_ouo.rm..u.t -@mla}um 0{\_ e.ie.c-:-rcaciymmcs
wove  equakions ,  electromaguelic waves,
ool ok ow J La.tamaf.- gmd. towmilton -

{uu.c.;:inu of c.b».uae.oL parficle  omd

eleatro ma.au-e.{-ic_ £ield



-9 -
1) Amalytical wechon cs @ Shord re?e-éi'l'iﬂw

Tosk :Reformulote  Wewbow's eguation of
mokiow T = T osucw that

o) r\atow-&%ricj rongtraiats cax  be taken iwta
aceouut

b) Wole wwvasiawt pwder coordivale
tromelor AMTEIOU S

%t_ne.ru.hzeol CooroLma,-{-a& 'q&.)
[dseribbe  state of systew waiquely)

o choose such twak all qi. ort E“-O(-LFU‘L.O{QM?(

¢ bsstble_ for holowowmic constraints

€L lr“t{:) = O)
« Comstrvative sys-fe.u;s._,'ole_{cnt Lo.grange
.
-Ewa.t.tt{)w L= T - V'

Linekic Lwergy T=TT (qla;{:)
\pojre.w':‘m{. t,u.f,r%\j V= V (ﬁ)

. d.ju.mms deacrbed by La.%ra.w%&
E.E{U-O.JHDM.S

& ’aL_’aL. = 0
A B8 By




-3 -
Exa.h.?l.e_: 2 moss  Cownected, by thread nE Ie,ugu‘.(
Subatc-é 1o ara.vr{'a-fcaua.k Lielol
OMrL cou&'[‘f&m"t .by .Pﬂ.uﬂ '11*4-0( tube

3 g
CO“"‘-&"{I"Q.‘IH:E S qIE = O S= 234
I'I'&:'.D _ 1
2l ew . toorliate
a-—- ri‘t - r*‘ii-r«ti = O | % L
%twa.h%to( coordinates
re vl ey fyoo U OSY
Y = Oretom %—:) Gy = rsiul.e
A 2.t I & - 2
= EQ"M"« 4'""‘3'2.): E"""t& “W)*E“ﬁ
E mz_gﬁr -2) z
M, tm, .2 Eraf
L L M P %Q"{)
d oL _ 9oL _ 4 “ o ] v
. - 2= = = - +
O= 4t b7 e = dk LWt T[T Mmreg

oL _ oL _ . 1

~ r l{ cyclic
dt O ‘ SlQ \: ‘l cgordm.o:ée_
| = wm, r2 Qcau.se.ruw( quastily )



-4 -
. N
0= (wmrwm, )r *“:d * W, Q

r@n.gL orcker oli%rtw{'iﬂ.[ eqm&iaul MOw iiH-Ea.r)

m(-{'i?lito:giuw w'r"c\-.. r amd. Ew%t%rﬂ.-gfau. \’;E!.US
Energy covstrvation law L‘m{aam{ o} wotou)

E= ';':ﬁftﬁ*\zjira *';‘w.,l rl‘;ta +\Al%t’ & TaV )

Cuwa ltatve discussion "nﬁ d.ym.mics

stetionory solubion =0 , r=zr¢"
2
o _
™ ru"&- - W}_ %
A
3 v )
N =J - ; L Kixed by it
M12Q | cowdiong
-EOI" re = rtt:.O) 7 'l"'it
TS 0 redius qrow s with fime
-Eﬁr e < e
v €0 ¢ radues Sheinks
SFgr_im.\ case s L, = O
0-.-.@&4:*11) r \M.;_%
.. W, g -
v = :?:172 (LOG.&'EG..M..{ Q.C.L‘.E.LE.I"OL‘{WQU\)



..5~
2) Te Howmitton :Priucif;i&

so four:  cowsider  differential vacia tioral
\Ji)f'Lwai?ie_ ) a virfun disfu(aaeu-:cwf
(ﬁAl&MIS priaciple 1 dokal work of
Utual J—ES{:;(n.c.e wment Vo SIA.QSB

wow : wiegral vaciational principle
va.ry 'fra.acc't.or}( between Lixed PD'&LT:S

ﬁ@'—dj oncl ﬁ@z) ﬁ({f‘a .,}
| (.

CO“-E%M.M.::ED“ spoce S ~ dimen S oua ! spa.ce
aiue,m by &wum&'&co(

eoordiagfes
E[hf\t": Lq"@"]f “"iqs@) drarmcherizes state
of sySteuw

AYH 7] 2 We w by 'El{j_t} : COU--FI%U.TG.{'ED% POUUJL

restrietion to hclowomic,c.ou.e.uuw‘iua &/VS'{:EW.S
{ﬁr«.&u\f waert iveia cﬁuﬁhgum{faw Pﬁ.{'i&
wto  Le %TW-%Q_ -ﬁmuc;E I w

L= L(3W,3%), &) = L(&)

cl&.{iﬂ& OCh1Dm {E {mwc'{'lt}wa.1>

s[ae] = § U s
t [81= 13- 1s

urit e



-6 -
of LOH.-'Ei%{.Lm%fDA Pa.-ﬁ«‘s

te £ gk )3 § ke R, 8

co m?é{Hi ve St

9
a) all ql\l_;) stort ) ead. ot The sawe tiwes
omdh hoave the Sawme LuoLPo‘m:{-.s E\‘A ,6?;_
\}_-,) all q&ﬁ are Cownerted -b, Virtua |

displacewtats (w««pa.!rlbia with wu-sjcr&‘:h:és)
frowd the real Q:.b.ysi(‘.u.() :[m.ﬁ(&

towalton's ?rlu.t_.lpie
&.t."titrw {U-ﬂ&'[ﬁlﬂnajl S Xﬁ&]l = g

t

4

28 =0

ockiow f,—:_m.c.‘:fcwal g

extrewmal  for the physial partl,
Qm. oty word\s - \Jd_«r'm.-\-iah

of S uamlshﬁ.sv

— comtaimg twr whole classical wechawics
(of comservatin, Wolowowic $ysjr&u¢s),‘mé;.g o
- :Prlm;lf;t& oy a??l‘lm-'r{ma ouk side >
Mﬁf‘_llruk o L0 S\; cht.ua.S
- wm?e,»'::.%lut st has sig

ui.{itﬂntt i, qm%m
pwysics  { path witgml {aruu.lo:l-iou.)



.—?_
Coleulus ﬂ{l Joriotiow

5 we %uv-(:'('iﬁﬂa.{ 1 [y@)l = g -E(}glyiy‘)cl.x
7 a %4
YZ. Bl - ‘[_ .
' Compe Hive set
Y,g ":
; N5 ye) € €5 R Lyta=y, voe)
a— 2y PSRy

two tiwg g ¢ ovedinons [V
_ differentiable
Qutstiox : Tiwdh {uﬂ-ﬁ‘tﬂnu y & which  furag

B[\; (x \,l extrema,l (S{a'gicu-a.ry ‘:}

Find. exirtra \S-i-ro;Le%y . nawmbtr all y (%) with &.-Fﬂ-mmb{trof_

Voo )= Yol&) * Yu i)
/ k towtinvow s {-.a.u.c:(-h:-u

*CWHL'L;.DM- weé -
Sk 4 fed. ot deformg Yo to Ve

AStume 'U«a-l tire  Coufivous {uuc-{iou. K*W
can be Tauj lov txPowof-eoir

DXk
E“Gﬂ : E‘“Qx) o 9&06-(} u:::«t‘ OQX'Q)
Turthermore  we loye T Prnl:u-ht&
Yo &) * Xawa 1) 20 for o all x
(w: cl-&&brmn.-huu at Pr:zﬂ:
Bu.Q‘*) = XuX) = © for oll «

(wo dg{arua&au cx“ou.ga[)



.._3_

y«:_ (X.\ = Yo Q"‘} t KN.Q“
= \fo (\)g‘) + o PM\

P =

l 3’,[&}: &

‘fo_fiﬂ..‘tiﬁw O{ '\'L‘C {Mt‘gfﬂﬂ &‘T.Jtu. by : (4 '—bd_u;

DR ILED MO R ALY

we O

Variokiow of the derivoskive of +he {u.c.-ffau.
VoL d. Yolx} 4
Byl = B S < R
variatiow ot {ixto’\ X ,‘{'\t.erc{nrt
deciveti e _a»u.ol Va.ria:ﬁia«-. Lo wmute

g ) A2

Adx T
Un.ﬁu.-!tinu. D*E the —Emojrlﬁmi

> ‘& = EY_YJ,.Q‘*)‘L" a[‘f&ﬂﬂ Cc&nwa& of 1

ufon variatiows y ')

< §l[ﬁ (X, Yoo, Yld;) R ﬂ

Evaluate _'w-{-t.%maL 'by Tu.y loe E.X.?O;."-slbu

D{ {QC‘\[&NJ“ )j Oul‘j term s l‘_‘)’i O Lol.mj
needad.



=3 - Yau™ Yo
 oyanyia) = Elrod) + 50 Sy
%& (oye ) Byd o))

£lerors) * (gi 3L 5 b

\)o..n a.-{m [ c; & Ix.l.u.cé:uua,

5} - S&x(@-"c Bl v 55 g Bl

-0 .\—‘_\r\’

. |  iwlegration bygeds
(it Bl -l

'I_--"-u‘...——

wo ve.rakios a_&f_ - ’-a—ﬁﬁ =
at the P.“Afulds. 3“‘_\x=x =0 J O [n_x ©

R

Fu-‘t every 'W-'M% o &EJ:('LET
SIS Dyu
<5£=§°‘*-'a wa‘f)gf:\ ol

oo

—_—
370
- %}_@‘.‘\ dw  formally iberort
LT

Lirgt Torme Qg

dectvadt
Wi woedt  the {u.u.c.fciow.( Brivastive

ko be s.’cn.lciawmy

SAleels FEEH  dwso



. Sax 3:-435) 3=

Rz O

asishes M.'Ef.g\rm vemishes

3}0 (:}%Ac— - i“-;\ %E‘T = 0 Euwler - AJE-EHEM-'LEQ.{ topuss it
7 |

(Leonlard Euley, 4707-4783)

e

EK&%P[LS

'l) .Shnrjttajr Cﬂﬂﬂtt‘{lﬂh -bE,thfﬁ.eM +wio Pbmfs
Du. O P'kOJLE_.

7 % elewent n{ arc
Yo | :
vt o3 ds = m.k.z + d.\l"*
} — | N . dy\t
9 . * = "I-'{* d_.r)
= y A+ YJa J.}f\

.‘.';c,t u..“? {mwﬂ:‘tnn&l _
(Kt'f;‘)

3] - ) ds \ o Jasy®

1?4,} » —r—’

{Q‘ﬁw] ) » \"[")’}e

Wt want the orc te.u-%‘[rk to

bt &":whw.a.ry ® 1‘_)@*)1
, I'E.C{ulrtd\ to -E:...‘x%.'s . %% " do 3?‘ =0
LEu.‘kE,f DE )



—-AA -

j'“' ch. oy J ')’H1 |
OL )
6 -4 wEw .

)

. ' ’E ': "/ : _ _ ! Cn
one_ iwfﬁ%}"lﬁ O W - Cﬁ _‘)3 Lﬁ

Asi order dl{-’ierm-i-;n.ﬂ aquuﬁc“, kas selutiow, :

YQ(‘)=CLXJ¢)0 Two paramtjcer‘a o and b

/ ' E‘mtck L)r {Lle tb*ﬁli'h'nu'&
pomebrizes s’tf&la{‘-ﬁ AR N IR A
[iwe

2) & rchisdochroue proglew

Oiwe sriow ¢ ﬂﬂ% uLuc.L. Lurye oLots a. Par{-c-:te
au,Eaf.c.{- to comakont cc.]ramm.-caan&

-v-\OrCE re,a.c.u. o- lower e,n.olpmw.
X,

— {os’ce.sﬁ ¢
xtTh.)

%(n) I§

StHwt m&n.&hfca -ﬁ'nw- utc.IA-o.mtS

com Servasive {nrce ~ me.ray COWRE VO Tion

E=TxV
LD“-ULH.;.E.H:‘ 1? 5&.{:: C= 8= ';‘Wu\fz' - M%\f

l%y



—A2 ~
Colewlation o{ total time

XeVa)
3 D’Q’\\ S ot = %é
o f (xa,¥a.)
o calelaze time waleg g,y dy

a.s* Ur.iot.ﬂ)c

. P
\ Sd l%ﬂx-z-?gol\x#—;f—

o
'E Qtfyl‘il) VI’H "-
caleuwlore 90.1'1\&4 O brivanives
r ] }
)5*):' ) -% ) %é? ) lé_’ —-"J%—v—‘;
4 9% - _y“ v oyt
dr By 2l b@*v"‘) 7 (any i

Euler E.C[l;km:!:iﬁm rg—;‘ S ok By ©

-~ In\,‘z .qxa' g gy

——

2y iy Uy e
W
- o) e -yt e 2yy -2y T
\ u
O = 4x 273') =2y jI_\}E = e 2 M'y.l

0O = {+y 1'2)1)! )m“{fljhyy}

£ 0 , tWwis con be rewntten as



