Stolf plany

1. Hethoden der Phas(’t{

A. Uinemratil oles Hessenpunlits
3. Mewtonsche Medranil

b, tentrales Umfefeld

S, Beuaga Be%u.assys Levie

6. Spericlle Relativi€atstheord
7. Systeme von Massenpunkten
8. ﬁeueau,v.g Staner Usrpev

9. Harwoucisdrer O s Uator
10, Elastieitatslehre , Festltcrper
A4. FlassigUlecten und Fluide
2. Gase

13. Micwt Liveare Dt(jwa.m,il.( und Chaos



4 Uethodew olen ﬂmya (U

¢ //(4.40 ne

Reduwlchon der Wirkleck bt
2;.6. L(grpw —_ n‘”"‘»r%k"’

N alut wass en
(gromieres crelevanter Plhamoruene
' Expimment
reprodictivvlboay
7me-iL«h'v
Amgalee oler Hefs plidins /

—-—

ﬂ,wr, érapp = U’la/’ rald * Mu,n'chwbu#] 'HaIZMMI—

Gw(orgpc wn: %;My 2ok hdfn{,
Oasin umbect wn : m S uj
Sywmbool - L% 7. Tt M

Abgeleitele Grofe {:] s Dimbsion vom

5]

{_—Gmch inm old b{u'i] =
6 Dﬂ

(VvV}
s



[Va(.mou.j = [L?'] = w’
M1

LD ICU‘D] D} = ’w%

Hocdedon /Fa'r/w—bém Auch D‘thmnﬁfﬁ

Qa,l—w O

0D Eatlsoit: Tp~ WHFg¥ # { (Mool phore,----)

F X \

Hile  Home frolbuahmc}%
we \T ,’
> [uerfyr] -wt g () 29
::)(3—:.0 064-&--—-0 Y"_ﬂ?-— =) d,’é

—i—) ‘fP = coms+, &l—%— Ko Deseds ( spo‘[/ar: cansh. = [z
~ waa-‘o\&;maij uvon M

— L-zumgMMmouuz r

Hemue = Verptudan @

yyn"ﬂcm Do Fowe e /F,{ai'a&.m s Triom ) uldruma‘

Sevriung ahr

< b o

S;MB" ] St'M{G somea




%wb.gu,m 4 m Drcecke —
./ §/7,>\/ |

eve L;V\ae., ansonsten nur Waaldel wressen )

- QBuspile:

) Crode - Mondl
I) ° (Y Homd ?
Cee IX A0 m

~ A Lchtselewndde

(%4

m Er de v

/7) Crde - Somme

_CGMMb

s

i

4
ce A50 A0 'm » & Hkfmimutben

anbromo mirdee Eonlret (HE)

f



iii/ Evde — Stovm

ferve Fixttery,
/

\ /
\ /

‘o wedher Stern odp = Pavalaken W/imll

AE

ol tain (ol )

1 AE

A6 .
A Paralarewielomdde (Powiec) = 3,03 ¥ 40 e (3'9" L’)

v AxA)" AE

[ d

Prox(ma Cenbasr: : 1% pPec

= Abommare Hdmpiu slectn

A Forond = 407" m /ﬁ Uwon a&ua’«m.mnw)

4/fm7o}'r:rwn. = 407" w (:.‘: A'Fomd.u.rclammw)



$l- B&?dchmumam, pir 67;/3040704”1%’@4«_

107 maitli 1’ Uit
107 wiltro 10¢ mega
10-3  mamo 10° gige
10 pico 10" tera
4 A5 }ew.l-o /10"r Pua_
40.4y o o Ao” Exc

= %imaunwomﬂp aw,ﬁ Aer ”/'im\mL —.ﬂ(da.q

1&87

13¢0

cut 19§83

7} [/
Nrmnber !

Y
] Metew = e fro(qu.&alraml—m @
10 000 Ooo

A Metey = 1650 3¢€3,73 % u,,u.wc:%
%y D e A= 605, 7vw

2limenr

le-,b_gumi wbir oie ﬂa&//’?hc&ufmau}kall-

und e S/ Seltoancle

c= 299 39 ¢S8 S& exaleh

= L=c bt



Uirteme Distomtse mut Tmterfevomieter ;

Lawn) = £ = F,-g.,,m% i, Lty

n i

£
- ?u'fmmm‘s :

r)erioob.'na\&o Vovaé‘my, — Zubmtwvalle

1Tag = 86 490 Seltumolen

SLL(MW)’MM: l; =4S

[ 7
T= erm '| 3-

[4

M §0. Brabtwgrad : £= 0,934 w
3

S‘L(:MM;llbaZ A0 "
-

Quartur A0 7 S
-A40

Cs Aloomuhr AD

45

Oph'oalu. Atomwlr 40 S

= G| Seltwuole :

SubA496F: A5=13 4192 631 170 fohutrmgmkm
clen Mg F=3 =2 F=¢ Grwmdeustaud

//y,ahﬂumo:b&réan\é



— Statistiscche Umsicherhect

Mmf‘&;m: K,,,Xz,Xj‘ - XN

=) Mildwort x=<&x>= %‘ EM:XV\

Atﬂwtécla(w.é veon Hileduet oy = d

Mt dove A-b.)(u&oalA(AM-& kD= {—‘ %(XM—)?)s %éxn'K/i;‘O
W i QUJ’&; Ma[}/ bew er -,i’, %l&—?l
s er micht 5“'" r Bevechmum gen

Renner:

ﬁmolwvo(.abwu'ohwxj @ = T\Ii:i- ;(xu—i?)?'

+ G = "Variamt ' = mittlere quadrodisdie Abuelclung

 N-1 stk N weil % aun Heorshe [ Demteider)

Umwichntiq far N —oo

Die matirtar Moo reiben somol " Normaal ver ket

_(x-x )"

_ 1 Zo *
Novmalmf'ajw ’;cx) dy = ré'ﬁcr e Ay

N

Walirschenbichhat x i (x, x +olx)

o

/
Novrmaier wa cex)dy =4
FU Mo ormtt CS' SF
~00



L

v P

///

68////‘
K+6

— K

— .Q’MULMAGLLU&:JA% d, MUiMbueh

z fM"h“Wg G b nede

Vo\m'ame(f{) = <(ﬁl_’§_xh —f)} Mern retetae
7\
Hittdwert ene ﬁ,{obq,b,, Ml we t
e reehe adlor Menreltn
-x xu"p)
- 4 R FOT)

- 4.{Z 07
<Z’ S (ka-K) (K -%] D

u wih

— )
—0 fuf ULMUOWL&U"(,
Meanrehen



Sromdand alo weickwey G = (x,-%)"
oden MilHelwerb = N N (N-1)

 Sabirmsg i ZOG-FT AN DD | AT~
n

Foll ek ,awi/wn-w‘l' :

gg,&Uimmqgmd' {ﬂ'“’*L)
- @

h=4%0cm t 04 cwm

@ Hi ([roflﬂo w (J o \0)

¢ = (0,23Ms, 0,2340s; 0,49245; 0,289¢s; 0,AM6s)

= £, = 0,234%8s + 0,00048s = 0,294%9 (¢3) g

x
Ecf(x)= 1—% fe'i{e
o

o Vevtrawem berecl (L(orwﬂrlmec/ul—w‘?}\/
X 46"

P(|¥-—21<6—) = g 'P(x) dw = Er,‘(%) = 0, 68L6%89....
x -6~

=> | £87, olw gru'y'vu'ﬂo—e, ol T6 muwe X

. owde CE7 dr WHddverk Cumerhdt *A% ftm X



andere Konfidenzintervalle :
Plix-%lear) = Br) ()= 95, ¢57
PLIx-¥[<36) = Er;(%) = 93,%37.
0Cix-71<§) £ 957, (992) '35/ Uomficluarimtionatt”

= §=1%0F% (§=2,5%F)

am,a,(oa fir ol HfHLuert .

— ecman Mk '\/w"o&lmlm {Mhﬁtmow /t/oVMwPu'luMJ)

NOYMM:tr(MAa; 5(’0’)0&' =1
-
+00
Hitfd wert : X = S xfck)o{k
—0o

dialeret: % = % X Pu
+00

Variawz + G = S (k=% )" per) oAk

-0

d,t‘a‘lrr,l’ : Gz = g(xu';) lf“'

¢ %)(V\Pn'ax%xm“)\n"'x %PV\ = X - %
—_—— ——
- <4

1\ awdn fir p )



— omdere wadlwm
i) Gluionvertilin NP0

e. 0. Warkl pmg— fir n=z 1.6

LY AN
L]

i) Poissom Vw}dlbw.j

(mamer low rebd borere wnd uma(ou:n»ﬁ‘ym Elru); A9 eua V1

sieke Uik .'rwb:q_

Po-n
Ph':—m','& = %—_W\fu= =W
Gq'-; Z(\A-VL)L W= - :\_n-
"

Variom: = ildwert 6= ﬁ AR =‘\—zl:

Mormtwwl'd% e ‘5’=r17\— ﬁlr n Do



— Felder fort plam ums,

AL aun Ax falls £=fexy:

>

M- (X

df
ch:_—,’7 —) A‘F=/J;}AX
: >

AX

- Abha‘lmyig&u} 1ron amshroren @n;ﬂek

N

= or | (38 @+ (5o

Clatia fioch uwloufm,y% Feldor acldierun .Q'céz, ?a,adzmh'ook.-

Summ e doe Vo ounrom

(Beueis n (,Zlowng.sau,%a)oe, 4



2. Uimemalile o VLMomekH,

X
Or tcltsordimake : F= (‘é)

X H)
O FR)=| 7
BalwlUur ve t &) ce)

972
/

X
— aundere Uoovo&'ma/w,sa 2honp ;

 Uuugellbsorcliomatue (R,5,¢) at

Pem (x,y) Eloene

5 Winmldd tur 3 -Aohse - .
P
/ .

iy Liolur Wsorclimal e (p¢%)

Q\i
L
_—— =
\(\J

Soc‘m (x,¥) Elbeme )
[ Alost oo Tur 2 -bokse :




2 uma oot B&&v&‘mumg au.ﬂ ume Roumoimensian:

A X ()

A¥
A€

>

‘€«

F1E

DUWALI@LL(\M;HO %Mobl.winmad: ((u,-‘— NV

HOMLML,MM?/GG{A'WL}VLO(A.&(IM.": G K(e48t) - x&) 41
Dt =0 At T o4

V= T, = X

- BQOO&MX"’Q DCW@éMMj

1\\/(4}

av
Dt

%

Durck schanitts berdidiumigums = o = %’Z

f’lomm('mloMaLM'Xm . lim Veesot) - V) = j‘iv
] eie O e




- ﬁéu.'clafarm'a loerch&wm'ak Beucgmg
o lt) = ap = coust.

=) V) = Sa&) At = ot + cousk

V(t=0) = couit = Vs
X (4) = jvcn ot = Lat™+ 1k + couyt'

X (#z0) = tomt' = X

- | x¢) = Fat +ut +x,

— Der (Fra.'e, Fall

Expw'mmj—t ?;u,J,w, e smstaule BM&LM&W,,L& ay =,3
Mg

] — => 2@ =-7 5"+l (v=2)

f—> \/_l_(-ﬂ =——2‘t

\J

. L (2w
Fallzuk : (&) =0 =D | £, = =

&(nl’(ﬂﬂﬂmuﬂ/\,& O(.ﬂ-( Zrdhmﬁl«m‘am& QUi FQMLX)OMMA—MQL-‘

7 = == £= 9 u16130623 5
0 & (023143¢)

wicht slle Stllewe simol sismfileaunt _(



» T (ag >’L -2
'I O Acue K th o,ooou:
- i
F
w
= 0,03) T
= 3=9,416(30) 5
Ltvaturied: § = 980FE39()
100 D(:S(Krcpavvb! P = A-&f ('_(F_:.) =45 )(40-22 ./

= f‘ao'l'uM,a,L!‘ooLtM Felllar tn mumolsn tans tmer clor

bocolen Werke! (hier Lent . Video)

gad'emaéik\«e thf(:C\'LeV\flC(:'e
= Messfenler cler sch it e Mull mitelt.

Bessere Appo-vatuy

,LW% . lq= 92.&' twn 4 ol'(cu"

6¢ = (0,49%, 0,283%s; 0,1336s, 0,293%s; 0,2936c; 0,293%s)

= £ = 0,23350 (¢5)s

]

= 5 =383@NY (26§ sum Litembureet )



- I’Zof-a./s'moloweé UWJ én

)
"\ Mim el eivduect
[ S
1° = 60
4! = 60«
b
60&%/»14&/’5: 50— ” [‘f]=rao(
Arad = 252 = §7,29¢7.
- Wm (loea«b;a‘aw[ml d"tfl( a'-l-
_ s¢ _ d -
i i N CA N
. Frequomy = Joedrdhwsge Ha= 1
'( ejumt oo wancly [’Fl' Ha = 5
T= Umlwfzw/' = _-E—
VTl
W= :r'_l" = 271'@
Gescho ,’3 gxaah. im dikl/.u} ;
o s f- 2250 Bp=47°
F—i—="
= 360°
U U Ay =wdt 7 = 30t fac
[ l = _é£ = 3¢0° Ve
v t -Z? Ag-é‘ 3365-‘5"




- Wim VJ,(AM(/LLMAM%

. AW dw g
b=l S =T Y
- fupw,ooJiét'oM/:fro}n%i)o (A/ewl-om;cl‘_m Re,la.h'm‘,té‘{—g,an}nzip)

AY r

I%_JL_\ZI %J_—_‘j—ﬁ [;1—1—9
o 0 D O >
4'

Vx':o \/x*o
)(lM»w(y QdaU'qua (e mabumys von wn aeolsy
logsclurieloan wevelow .

V, = const =) X = Voxt + X,

V=gt aly D Y= 398Gt ey

[ = -)_(’
Wikl X,=Yo=0 =D x=Uxt = €=

= | y-ip et e | Wepperbd
(4 ox

Gesdhwimdig Kulow wevdow Vel boriell hehomodAlt

Yy

—

V= \&éx *Vyé;
- T /
=

=7 > mlechiekbora
2, Ue Embeore




Dex Schrag«b w“'&

s W/ X (d) + (
Vi) = V, Sim (&)

Vo cos () €

=) &) :(\/°S(M(cl){: __%3{:7.>

L)aalv&,:
X (¢=0) =0
y (4= o)=0

freier Fall = vertikale Be:c\n(eu,wdauwg wack 9

Aupbreffpulet xp

y

2V,

=) -ef,=

2o

-::> )<F=

Sim ()

L8

/

. _ z >
= USm{)E %2"5 o

cosR) S E)

Lz

Voo .
::) >(P =a—S(M(30L)

Xp maximal e oA =¢5°

(ZCQSaL Sl‘M,o( = .Q'M, 20(,)



Aw{fmﬁuw,@& oL

J'a..\n (oL‘ = =
\/x (¢¢) V, Co)(aL)
s ()
== ) — »]'ow.[o() = dam (-2 )
:) A =~ OL'

- MrwmmMs,(/ B&WcJ(AMA

1
\/ AF
/_‘ F(-(‘) ) %
'
Fle+at)

“c

¢ 6%&(&0(./‘\/106.9 Wet
=, 0‘?(4} AV
V&) = S mimA v
=) Jkeh +amg 2w bl 2ur Balmldurve
3 -3
Jw) =V €,

é: = -éméemha.l,u Simbiects 'rc((/'m'/ 20{4'&‘0!4&/14[;}

2. oluveh 8(:= %—ﬂ viovwcert uwel STRVIISR



. BMG(LMZMN%

AE) _ vz ., ol
ot

a= de T ot ot ‘e
(’i-ét Line Uoms f’O(-M-“' o sicl muvr 0{&*&‘.%
e 1 6{; ( £ )
= A + Dy

Tamgautil - o Vormiallowrceluamiguos

Tede Urnmmctivipe Dok kaman Lolial  olurol timen

mut Raoliun 4 V‘W!’”ZSM'LI'WI’ evolew :

K yrewo 'OOS}M»
~7
—_ AV 2 VL o~
/ k /
L /
i /ZL&/&O‘I/Q‘&QLL

o Ed—ofio(, Urtir lau./&‘swua

/

-
N

Ba.&/mahoh.uWoU&(ta:‘- (Ld = cw1+)

2Ty _ 2Wry
X T 2T

=rWw

T
N
<
"
|




radialer Smheitsvel(tor

R cos bt = R ’E’
k=r<$l«mwt>irer mct e,—r
. —smwt
v=r= U(Coswﬁ’ S~
O
o5 ut . \/& .
— = — * ==-rw e = -2 @
a=v=-re (sim.ue) i roor
E\' :- em ( r ;-?)
L -
a2, .V z 2mtn‘lo¢+albwo\«[uum3mé
v
. Ero(,ga,hl([*'
. s - ,( \/L_—\
ErAbmoL,luMM/wg: 9 ”36" = -E e,
\'4

=) v={rg’= %9 Lo

|

Ero(rao&w) R= £330 Uma



3 Neuw bom cche Hedhanik

Die Newbomsdiow Axiome (168%)

4. Tra‘iﬁ bt prim#ip
Tedor USrpor vwrkanct ime duskamd oo Rube odde olov
gwlﬂf&’m"}w Bew%mg Folamy; Uecne l(rk]',(' ow.{’,

éIAM. Lir k.

erulo F Zwm v

Fz=o & ‘Pzav\ﬂ'.

1. Akﬁomolon}nz»u‘r)
Mrsacke fir eme ;"Vw‘&vwa, cleo Bewef wags 2us tanots

wt ume l.(m,}lf'. Sie towrd o(eﬁ}m},y{- N2

-5

<(cl‘ur ma = coust (64%{— E =wa

i~
) " ko(a.mus ohie 5gsqw.i'¢.
L—_F] - uj s N Wlasgische Hecuandk |

3. Rw‘(fo'o’V\ﬂpr&w}lp
Dic Uvaftuivikumgae Tl Usrper aufeumander Simel

Skehy 32036'4 groy kel vu mlrazzmamdtfar
RicL)'uMJ, ( ackio = re aoL‘o)

ﬁ = ( Erde tiewt A’FF;L a.vs)
=7 51 Apfel aient Erde awm

12



- L(Val:}f'e, a,o(cacra« S'l'al/\ \/e,ul’ow:cu/ L(OMPommfmw&})L

51 137
D Ve Hilded :
"/C O¢Ncas(3t°) 4 Q3N es(53°) = Oy s N
v ] horizomtal :
0N O¢N e
| / o,v.u,cw(g.}o).—o,nlrm(ﬂ }J=0
\V4
OsN

Ver fcléation iom F = wma aw»jz %4,}6ooladue ; (G=10g. wWa= 2809 W, = 3003)

;} Z—I — Vv
@/_j) m, = Wi 426 F= 63 = OIN

Mao/oe, m= 6+W, J LG__[

F

i
!W ’
ac J_/__j_ M = Wit 26 F=26q=02N
G e
6 4
6
") M_‘“ﬂ//_j} iy = W 426 = 2uc

6

io [@/-/_1 Iy = Wit W, +2 6 =2uu
G

C)

F'—=263 =Qa2 WV




(o,zw/ml)

(01N fue) | (ORN/2ur)

(0/4 N/QIM.A)

= o.~;§ =) Deﬂfm(h'm: F=W£al-ﬁvat§& Horoe wep

— WUrnftmweroum o \/WFo"W\wwa

[/
§ DL\I\M.U\M,é = M.JLF fd:r Aie L(ra,/'é—
R R \/&rfovmmé — edelttrinclee vafte
T 2otoclepe Afomeen
v
erF(:l'l:Oo(A: F= —D(x—’%) Hoold sches Gesetz

D = Feder WKonstaun e

F = - D[K'ko)‘(' Do (X’XO)L + D, (X")(o)‘z+ .- (72-7(00’)

( —

—

QEMW:

mneot Wi s A, Teram



- Schwere wacl ‘tr&gz Hanse

. ‘l'va",y, HMe, m, = wt'chyJ(,h—% sich elnex Be:cuuw:é Wwé

. _(clnwur& MOLO’)C mS = Wivedl vowm cimcdoven S"clotuc;'e,w_ HW@«. 0“4}12'035(4‘

Sn ailglc Ueimew bekoma e Grumdd arumn Oieoe badew

n om Relakiom sheleew |

i J—MA».MLl a,ﬁ'tc
Gewicldt Bendliliumcgums
Fo= Mg G=Mg a
Tent: (rewer Fall
WAg

FS-:{"m' => o = g

) fclac'ejc Ebeue

<0 Wwe _
= =4

i) l,(u.?.zl, ol Fedov o evelduior ber & bre

gl [l % =1
ewpcrinds : alle srper fallom 2&4@‘4 scleameld
% = coust b relativer Gamw;_(j(.(e,;l— 40"’2
hepe: hamst micht vom Usrper o,



‘:.; ZY\A&\7UVVL5 Tl (Pr(fm%i)o: l/\/l_é_—_- M_Si ab Sc\"k‘l' muv moch "lM.".

}c?u.iva&u»)on}nu)o :
f’,ae,'u’gj,& M/—zifiﬁffo fleorie + A—qu—t}/alo/u&pn}u%l'f)
= A&;mm& Rdatlm}é‘/ﬂ +heoree

-gr‘na.l-\"wnjo;‘%e. ( selo /wzfcu'c'g)
DefimiKow : Avbut (Emwgti) wW=F-3 S= Streck,

Enbuit : [\:x/]ﬁ}l[ﬂ - Nw= 4% = Joute (T)

‘S-'l-

B Vt'el : A

I3
W = S F@) ¥ (Aje7(}v\+e,?%(, wber olie Uvraft
7




FIMF, Wro firfrel werdende fmevge

FH,;?‘ wW<o far cucf tsendinde Emerpie

— Potomticlle Emergic
Po temtielle ey (@)
R
¥ (%)
I "
MoV = [ Fowy-dt - | Per-di
ke Y,
v 7
:—.—S‘Tf(ﬁ,) o7 + j?(’ﬁ;) dv, = &F(F‘)“[‘:’
K i S

/S‘/

NI

& Tm *cgm,(, wber 9e.rcl4[of_rcuw f’ﬁao( S
S

'De,gc'm(l—fom: Womservahves (/m‘f,('(:dol,:

é?{?)-o(?:.o gfir gedew 3%0(«[01;&“&4, PJQJ.S
¢

Weim Zmevgpe vevlust / Ceimn emblam 55

=> | Uomservakiver Wraftfeld erhalt Tmerge




. Vm}ﬂolrlw et Lomsarvalv 2.0 ouvda :

2echaloldm gic eck | Resbumy  boookimmbe Fumlctionew £(7)

* Uonsevva ke Mm,&('gdu(w W smmtee oluve eim Poslew kil

logschirie bem werdem:

T
J',E'(-r:).o(;' = — (Epoe (v) - EF.HF.,)):—EP,{,(FM consk.

>

Yo
" T'froi, wald bare addctire Lomshauke

E,.(F)=-AW (a.ual.e/vw %/ta.‘ol,teu)

r
* Pote\nh'alg vacliont

A Dimeresiomel: B Epot (X) = Epot (X+8X) = Epot (x)

C _
OBpet X) j e — Epot &)

~ Er,e (X) +

9%‘,‘_()() - QECM' _

9 Epo+

E po
3 Dimeesiomed: AEpr (F) = %‘fib"’ + X3

X
— dBpt () =—Fd ¥ olr=(jg)

Yo
De}irvu}iam: ?7 = [ oy f\/ala,(,a. Ofer(a}or
o




(succke awwn SFEId7 =0 uusl Stolke lscker )
— [’,M'ouj-&
. (o]
1) Grawitekom 2 = (':‘3)
2 z
Er,,‘,(?') =- S?(F) ol = fW\‘ﬁcj* = Mé v

O o
S~~~ ity

EP‘* (x) = wmq &

/%

M/Mxtubhrt-‘ F’g”—ﬁEpd(-(%)z‘ 3@/35 \M%% = (-:Ub)

ﬁ) Feder F =-D(xXo) (= Epa = %D()(«XO)L

i) Pemolel
/////// El’d' Mz‘n W,?& W-S&LOSK
A——aL 4.

dies st une “ra.H’ iwe Winkelraum ( &hlauhv;(os))
(Séad Cwe Ottsraum DA=zur. Trotzdlewe F=wm o



?_—-T, umol Er.,«l— é'?uiudm+/ Efo# oot a}nfq,obtzr

— Potenbldmimimuma

N

\ Erok

)(\I

( rrchvawl' V?/YSG‘AU molet

O Epet
(X

= “ox
quadrohadiey Potantial & Lmtare Weaft

>0 D) stab G&Cou&bul'cu‘

beliebte M&L«www(g

— Wimetiodhe Evevgpe

3 F
At = |F@®)dlF = w SK-Ar = mg T
Y

SAle—m— ';‘L

Vi)
= w ‘ Vi = W (TER)-TE) = A

v(n)



2z

V4 L{wtd’ ioche E M!W(S«.c/

dH

Eiim =

(additive Koustante,, abhamaica vowm Bea—u.asrgtcm)

= + Em&vgti@fh&.ﬂ%ﬂﬂb e
=) | Epst * Euimg T0ms leomsenvekiven Uafbfeled

’ Beoa\»»lw-wgmra,r‘oeﬂ' (m l/tomoa,ww L(V'a,‘u‘"«b(&(:

W= Fx = (wa) (%;od:") == éa_ﬂ" 7,
. Freawr L(cgrr;w: A uwsbawsch Efo+ > Euin

— it - [omgrvhive Urufte ; Dioaipatiom | Resbumg

Ey,, = Epat +Eyin + Epiy, = comst G(u.'vx fbcuu:s)

Eo., = el oumgp verlunte [U&‘rme,>
oft schoer zw qm‘fﬁ’él’a’w/ Aok Smovpreer hd/m}
chch(d' quw.o( bor

— Kelotumy
3 3
P= AW _ dE_EL’" = 3(- SF{?').dF = L (F(r(t')) V(FH)de' = F.-v
T dF Tt ot ) olt
i €o




GL\O 3 %&Los;m/w, fv skewe

— L(U:”L¢ c:,u,ﬂtvbu ((/a#,u'c,

. o aoercllossemenn ,(79{’{/"4

U
M
‘:'T\
i
o

l'3=4
i45 Wine Weadf o] sich selbit

R~ 2 f =T 7O
S
i

Jom Fulnw\aa,uwgou"?:

( scar rvu.t:al»th'g )




ofaué() &Mﬂbr& L(ura:j,{’e, wuwlew :

IR F-_s ) da_d SDM’UM Kown wie QEV\
B, = Texr —
BM

Mano VMML(J— beliom olelt Levdew

— Qopauaf‘% ) ohme Potadial (mur EK.'M)

emdmetnst ol :

Uor O(CIVVI Sl’bP : O — — O
| u"d M\— ‘/(

nach dem S of}:

1) Elastigchor Skofb | Weime Recb umgprenluste

UMPM&WW.LPW»& :

|
: \
V\AA \/4 + M'L VL = Wy Vd‘ & MLVL

Z.fhaﬂmp lsr Wimebiachen f/nMZ?k:

|
WA L WA 4
,Mi‘-\/,,l+—f"vl= -

(. Wi e
= t 7 %
2

2 tUmbelkanmie (\/4‘. v') +2 Glu'clawugw:

CVy Camaig) ¢ A Vi (setiesk el e )
Vi =
* W, + WM
( Vo (wg—wea) + L w4
i = e, + Uy




2) Imelaskocher g’olrs

+ Jmpulnov el bums gt aum verameledt.
. Smengiorialbumg qilh cboom [alls ) abov wicht fco
olic Uimetirche E uagi,{
. AEy,, murt sohtser wg&mg&},k( owfler
tn Speziak fallom :
2a) Vollllommon imelastisher Skofl
( /

.f-l'oPFa.vl—mw “L(,b,loa: U ol vV =V

1 L

Buopiele:
) hootiodher Sho (2wt e, =uey
= =Y v =Y
Qop fw/i'mw faunch e G eaclktsimoluy et cuus .
i) 2dontiodeer Stoy ik V=0, My =00
= v'=-y ;=0 Re Jlexiom
Stop ge5em eime Waud

i) elastischer Stop it w=2ws V=0

l .
= v=tv “=xy



iV) Vollllommeen cm elantincher Slfop at Vi=0, V,,' VA

2

(
:> Wie Vg ::\M,,V4'+ le\/,,': (w.4+wz)\/,_

| i
2B owm, =, = V=4 =%y

Bawojﬂ'o ey plm.a(pl. :

//V My Vy T

gemesse: X, =1Fcm ;= 2,?3 WMy = 90909‘ 0= % Sua
Zmeraicerhaléu\ab ( Ewcw,, Esor oles Peviclels ) :

;‘{(Mq +le,)vz'1 .-1- (vn4+m,.\3\‘\= (W"t"ml)ﬁe (1-cos«)

. Xo
A =arcs(n (-é ) =43

= ={&32(4-cos.¢)‘ =\/4' = 019 "%

ﬂmpul.s erlaaléuma :

Wy vy = (mgim, ) Y/

=) \/4 = Mmy4+m, -‘}aé(,'«cago() = 91 ";_"

Mi

- M kR M4 +M1, (FY

114,320 J- 0,036 | = 414,43 ]

f

fost a,(leé.(



V) SM?WQZM"‘[()CL\M S"'OP . AED(QQ <0 | \/4: V'L =0

= WV =W [T 55

h

— Roaletemwomlineb

/ v, M’-Gmahuimd/és‘ld(' wud Hasoe oler Raleete

APg = (wm- Am) pv

= Tk&l‘oslrsyy%ohw(uw}ke&f

Afw”WA/WL

Roltete + Trecbstoff = edn Hassen punlet

J/W\rufnotmoiwumbr AAF: Aﬁ = "‘"’"‘3 (im frelen FoJ,L)
. _ - wm Av Auwe Av Ddwa
P;m‘f’f;‘o( At T A€ wAe)
___“ o \ Dur 20
dwt
OLV 0(|M aLlur -a,—t_<0
,.> Mo(:(' Tot—’( ——w.a
- v —
Raue}eMﬁ[dc‘Awwé /k ot
w

._,> olv = —w 0—(% - 3 (\/arl'a‘o,ee/w"\flvlmuMb)



7:.140( = Brcthsch(p.p ( Wonol = UA.({--'Q.‘A)

:> V(.uaL =-W [&M (Wsuw() -du (Wvo)] "BTcu.o( + e

- W zu(-i“f) - 9 Taul +Vo

ﬂdopc’i: Caturv V4

'y
wio= 3x40° g ; Wheuol = PXA0" Uy w=s & Teu =1505; Voo
=) Veud = 400 V;—ﬁ < wiedrigster Satelltenorbit 7,34 ,‘SZ“L

= Melav)l'u,m,a Raltete

Uma
2. Shufe Vend = BU3TT | 3 Shufe s Vel = 45 5

‘F&.«.&tawchwimd;éud{— A4, 2 'i‘-sl‘
— s ,,
. W"‘é /\NLiUvo?LLorJioclA O(U.vola O‘ow}&chcumué leoct -

LFs

NN

> Fo F.,\ = MOrMGLL{qu,-I—




Expoomet:  F )
777V
./FM
AF

Hafbribumy ( Mexionume!)

ﬂ\\/

Uy €
\ Gluten
Haf b

eMA)oiﬂ'ooLt: F}Z ~ F, / mmab \"&ma‘:j yom Au&lﬂt}zyb{a‘«&

Fr—‘?Fn FR
1177/ 17 0ccrr

=) F’;(‘/M—( Fm F'é‘,i(, F.

M |6 = Haﬂ'/éld‘frdloumgal(ocffi%iwd'

° Mexmwng MH ;

= e
_ , f«)m(o(max)
% o B ﬁ'




¢ Roakdbumg

e ‘rach: v 2 = = Fa
IVVLVL ac 2. 2 =) EL'/“RK

/"‘R = [eoUru'lewJ Lo ej’f[g(cu(’

Beopidd | Stald cuf Stall: P Be  Pe/R

¢, Zemtvales Uraftfelo

. Drefaumg im 3 Dinmemsiomen :

WimWed + Acuone = Bctrwg + thh"’w\ng

= Vel tor
A (F cn chbﬂ'wns e Drelhachne
Y .
((P | = kf W i Wel

D(Lhoimm : "rcc\al'e, H(x/vld( Qﬂﬁx«(“



* Rotation C)) = To'
V=0Wr
e )
> VLD und VLT
0%
= | vF=0xr
Mrsadre olov Drclawné;
.\ - F I~ - |E1\Z .
— Drehomoment : D=rxF NS ID|= FUF| stm ar
F IE

Wraft wivkt uber e Helpel
He‘odﬁmd’t: Glun S,euick'(' fur > =0

- Drd/u}m)odo: T: ?-l—:)(f

. RO"CLJ"{OM (“ra}.»'oadll\/l)

-

'\71,? = V=L

__:> Lsmrzc.)
d bdubléx. &‘“%W"‘é
hyl
4y
N L+*o
o M /e
- =S >
L =o (p1#) 0 x

Dr&'mim)oafn adohﬁmﬁ wom L{OOrOUMd,‘thSagl'etM,



+ Beitolobimgiy Uoct

{

=0 Legen v ”F

v

= [ L8| 7 fir Prebbesegeend
D = ”L(roo{-f" wr Dre(aloe,ueau,vug)
D=0 = Drelaémpuloejvlmuumg
\ ¢
N
—_ Dr(,(/t‘ wr ¢ %W{[ o — &
UMV o m’H’J;J’cL A/T

T
EJ(?) = ,((T) Er {= Belt’c‘oige F(AM,(.(HQM uvown = I¥]
Bedopicd - Gravitation, Coulomb [(r) ~ %

P M4W _ 01 QL - , —_
EI:[F)M r'—L er \0?'0 (G €r MM"' 6" =

—l: -— = - 3 > >
d =X F%(r) = C@er X F(") r = I’_((r) _érxer =0
t —v

=0

S

=> | Jm Zenbralléaftpelel ok clor Drelimpals eime
ZrkaUmgoarc;ﬂe.




— Plamdeubetses wngy

'[_—:=cous|-
P[O.M&"' (o " d— i allew
Momdl Fallew
1

S%Vw.(,umg

—,Gm/vi‘m‘ﬂo;\\ Coulomb [cdofﬁo/@ev\d)

Gravitahom unol Pla meteun Q&weg umg :

Htorindh erst Wimemmakily

Cmn Be%u,%ooag('erm olov Crole y Ptolemanns

Plametonbelv

épl‘t'a kel

cm Be%u-gooz tem clex Somme ( ‘/Ld,[o?;w,‘trfﬂo‘a)

Vo‘)e/rzm:kw . Urtnbahm AS #3

Tycho Bralhe : Gemonce BZO(’—‘&‘A‘\‘.'“MZW A546 - 4¢ 01

Aavrours L(crbv :



- L(erlw Gwetre 4619 (Uimermakioch ):

1) Plametonbahmen simol SlLipsenn an olerem eimem

Brcvw»ywm(d' Aee Comme oteht.

2 Der Rowdiun veld tor (thrslfmln-e,) wbevskreccht dm aﬁu.'cheu

2uten i Zlu'olae Flacle. .
3} Die Quocrake oler /(Lml,auf,uilm T vevhalton sicl
wie e Uuben cler 8ropev\ Halbachien a.

-1:: far alle Plaeten gﬁucln

a

Dtamcumik mit Newlom:

A: X3 A /_>)= Flofc(le,, T-L o Etdebe

i : L
A& =L FE)x Frerodt = 5 dt
— Elf = ——L— = Come'.
At Awm

2 -Ueplor Gepetz = Dmh&mruﬁ»whd#ma

3. fde WUrnbdan: (
Gm.v{{—odiovlnkra“' = %mh—ipd'a.(’,b(ms(.

2 ‘PW—LI”'

(
al =-m L =3 L 3
7’\’% lMI’ >T/v|’




aucfbevolerm FormM mit m,M= (’lwwelw/fouueu\M.We_

_’> f\/w fom ro\ne/) GrewC tediom S %e,,d'%—

-—AA Nu"L
G ‘-’6’67\" ¥ A0 _T(Ei

ol
!
|
Q)

3. [(eylm’saln% Geetr = Mubtomsdie Gy batiom

l/(rafzi' awn Pol'emtm[:

m M I —_
EPO{_=-G— ’%-’-"VEP‘“,

r—

= F, = WUomservatives Wraft Lelol

Cielit mann ocureh So -

F~ (R =D

W, =\, =0 -
e g.:) éF'e&?=O

1; Haben E=wms+ umol Ef,oe ¥ By, = comst

Aarown Bedam Wuvve : "‘/_‘

Polarltoovcdimatew P / 70
<
4 >

— —

%avhBU.ma V=1 + Yy




L=wmev, = mr‘f) = const.

E = Ero++E(<im= -Gw«—m t
—+*Z V' Gesamtenergie

pe-= Wom stam ten

Ampassumg o Uomstamien -

P g { EL
_ - =11+ 3
Gt =117 Cuem £ Brvmmirizitet




Bzueis,- Lé’.cumg (v ® emsetren:
(/H'Zcos,o)": Pree

de pe(simy) _resime

Py Sint p + o'p =1

de\"_ LY Sl (4-wo')
o (-5

®
~

"
M\\

(L)

emsetzen cor komstamiten €,p ¢

Y (X 1%
£ (et )
A
awart GlwdMT (ZEL LT 2 )
= T (6"m"t’l" Crmt A GWMTMr
2wy £ m M —
= Lr (E—zmr7'+6 r )-® /

— DisKkussiom clew l/eﬂ,w bbah men

(()£=0, E<O 2&(014/140(8%& Balun
2

Zoh Wred balim (Uo /xrwil(uo )
W

F(g) =

y R 2,,t,.1 z
auch cus %enbrt'peédl(ra_'[{’ = w;rv mvrt_ L

war? mr?
wmM
e

= Gravitations Uraft = G



(l.l.) 0<2<4’ E<o gebu./mlemz Balin

S (([rr&

Aphel .
P \/W\/&nhi
2L 3 -0

Haloachsen j
Brenn Pwnké

| L 1
I J 1

o i
v= ¢ T a+€

Acnse rauwm Feﬂ: (

mct
- 2
= 4——@. . =—b~
£ ‘ ¢ IF e
bzo

(i) £=4, E=0 /umgebwmieue Ralivw [Grem-(—a«)

Y(V)z r((p:'ﬂ') =00

A+Ecosp

Pavabell D

(i) £>1, E>0 Mmugebumdene Belon

reg)= A+Ecos

O<KY<0 muv &ir RASESA

“ = Cuccos(-’ '—é‘)



- frﬁgmtumgcw

S 1"6'er\9 clurda amoere [ [a/laa/uc/ Homele é&?:a«}ut/ Sonneun Lind ek.

= Perimr&hmj | Merkwe : Sn”/J‘wL, (‘Z”/JM re vied |

=) Plamdmlou,.tcgwng C(da.o('[ocla./ Grewuzre = 50 Myf

* Fur Wiime /’?ocbfjit(al—t'ovx
A

rll'r-
Amolere Rouwmduimeasiomen Y= 1 2,3

F o K-::o aloev K‘--‘#O
=) Kume %Llou.Mo(Lthl Plecmetenamen
am-Hnro’oioohw f’ ri(n%c';ﬂ-' y-Fo
e Somme midit o j;m('#
=) Plomet umdl Somme Lrunen uwm 3€Wu}n)‘umtu

Schiverpumlet

m —> ""T’l redurierte Mese ( Uapitel ?)

w+

— Wavum r(p) umol Midkt ¥ (€) oder Q&) L

1 h '
versuche —:‘L—Z—=“-%(E~—ZL‘I‘;+6W\‘,——%—) ;ﬁwb/r*%l

EN j dr _ - IO(.('
o



= AHa [C‘F (b +ar)) _(9104. c(l .(-qr)' n (bea.v {'Rch-ra‘or-t-(a.r\L)
2(a{art+c+b -

=t

(uidat mode ¥ auldsbar, o bmbich fr @)

- Gravilra}fomo)oohmh'al eoney Hoh@&u&&&

Y —>§ —dlx
I !%E
v 'M_> i '}\;\‘

A\U/HN

. Y
dyx = cls s = cls =

—_— - X
o // r=0P P
e—-o(X

= yd,s =adx

Messe cles (,(\rw)\—waf% : c(Hs&ﬂdeaS? =2T(a,al->(0(a,f
Umfa
" { Cone

Gluersdmitt
wmdM
— O(Eo - 21
> Aot A -
_ QA,’_( alber R=Rex) (
‘:) Epo{' _——ﬂ\TrfGW\Oqu‘ > er !
—a

X"+y"=0'-L

l ¢
wit: R*= Y"&-(r«K)7'=y‘+r"-1rx+xl = o+ ri-2rx

A ot g0 AR L dx_ _dR
-O‘LYQ—XRBL/)(— Ar =) -



J
e

= —¢wecoa G_:n_ = -G ln;ﬂ-
—_—
=M

= Potentiol wie Pumlctmarce M o x=y=0

Potential cm Jameren

/\
@ = S dR =-2r Pt N
R=atv R=cr-r
a+r

) Epo(- = const. =) Weme L(rufJ'

= Gravribotioms potential emer %ﬂuusd,

aucfren
Lo

Epet =-4T§ GwmM S o ola
r 2,

0/



= Potentiod wie Pumbctmarse M an x=y=0

(nnen:

Y R
at el
Ey«— = “‘fn'f(’\m(g \«OL +gadu)
(o) r

rgom (DB
=-4Tg ""‘(z t2 T2
-y
R v
403 3 _ ¢
"i‘ﬂrnogévv‘.(zno &R:)
|
=M
Hohﬂkuzw t/oli(Lu;)d/
1\ Ero" 20 1\ E\Oo(- 20
i >, i or
i/ LA
yaerd \ r
: |
T (I




- C)ravf&aHomouaaa& ((ave,mc(.(o\a 47’83)

o ‘,"".. = Z. Posi{:iom

L ’
/ .-

%IC’A'} %M% er AV

So Leinne L(U&Dd: /WL=38,33 F=935Sww
arope L(uﬁd,: M= 4/3.(4? = 32wuc
L= 50w

A= ¢Fuuwe m Qu.\ae)oosdft'om

Aunwerl'uw\g:

s Torsiom [((a\mhe 40 AD="Dp B
L LULderLc\a’t%MFL

Drelimeomenten chifforen

. = T
* Pemo(elx:ev(ode, (‘(oup(('iﬂ) : T=4aT i—_ﬁl;

. Traah:;tomow&w('(ua)mhﬂg) 1= ‘lw"( +% 1-)

(
= AD= l(-xL_:(G!md":' = DRAg'o =

YT T Ay = cmlgm(L‘:%r’-) "
T T



T _4 J0em
MC}')’U,MQ.‘ = 488‘ A}D - 9» /ﬂf‘/(fiM'
L %{cw 'tdzercu.aooc\‘lag x 1

27t (L-l' k)dl s ’(AO-M =
'—=> 6- T L/v’ Y [(/ >

-1 L
%L'hrah,crue/r €: 6 = 6,474"08 (34),(40 AL/(;WL

- S%rwumg m Eem{ml/’céo(
e elastinda p Womaerva kv

Vo

1 7
)= -
Potential Epot =~ T

b
l m__
Vo —>-*
m — 2.8 (ou_(ormlo

! “— SWirte Jur c<o

b= 5’}0,3 Faraxme,}'er

L= er'-<‘0 W)lkxvl m v, b

A___Lo_ﬁo
=2 57 P dt

< dlpﬂm;ﬂ m ‘l(L/Y

C
= Te SMP = Gk dt i
T-U I/‘,S;M‘l.r
— C . _
=> Oo—‘; fgmy)c{tf -IMJ o(t/;
o )

(4—cos(1r-u)) = m Vo S U~
J)

° v
=+ COSYU~



s _ A1 = b = €
Sm U Q‘w’t% 2 My, b

Lt

b Ablonldvimliel 5 umed Stopparameter b folyt c.
EumU€iomiort aunde mut ameleren Potem tialen:.

b C>0O

5. Be L.)Lﬁte. Be,%agoﬁgofm&

’ Umerf[alo‘aotawﬁ& = Mmbwaklw/m'zfm Woo rola}na}emgva,ol'e_m
in dem F=wmd gilk.
. Al JmMc'a.lo:aMcme.( o nich muct Womstam ter Gescleesim -

UUSL(LJ ﬁe,?wwumdw ‘oew%&v\, stard c:7u,dvaj,w-(',

| )

el S e R il

— Golile - Tmmoforma:('éom (emfl,a.v\? X)

1y = relotive Gac(nu(nﬂdisuu'l' PO

! Woordimaten Sy teawe




(m loc,&i‘ot'g,w Rdc\n%um,a A e

S r
Flimt r @
t' &) T
>
/ 7 X
X
hier : () umol () midnt Gegunumamder verleppt:

\

]

7
17

NV

- -~ - - o~ —s | Y -
2. =8: -8 &,=8 , aber T4

—_—

se .o N - a'
= Iy T=¢ = a=a =D F-=F

=) Al Stool'erm.e, S'mit = comst Simol JMMZaﬁsaSFema
(atly S em Imorticlogotem Got.

_ (;Mgg,mﬁ ‘owo\mﬁw/ms*& (/(oordi(vzafe,mgcao’rerwu

\

P=Ply e 43¢ E=t

— -_—

= V=V'id vagt
Y Y ~
=) h=A +y

I =1

= §: Fema = St F'=wd' s w (3-d) = F-m

—> zusatrbiche Wvaft im s l;-':=»m?fs ( Scheim Wraft,



— Gluih PSVM? roterende Bmwzoo(afeme (2.2 Zro(e,)

—w

X\ )

- L
R =wmrw

e Qeobacwier 1: Nasse m wivd beschlewn ist,
Kralt Fy %uém‘a+ sie ou Wt bauw

( Eentripetallivaft)

+ Beobachter {: Bamgtiae Ura Pt Fp tum Harre we cn Rulie
tu halten = WUvalEfl —Fa

[ %&n(‘rc’(uﬁal.llm,(- = "Flien kvaft" )

—

— Coriolin L(rap-é

Shenlivalt

. ;%4{&0‘(’; ”samol_amiﬁg Beueama =) Wevre u,dtu

* f& ‘aa‘t- ”aeur&mm'te, Ba_‘,\w => L((a‘Ff"

mit L=mort = [ =2mowrr =D=¢rF

=" F = dmr

'Be’rro.ﬂa devr Coriold L(ra(Ct-



— 3 dimemsiomale Bmchre,ilourn}

Rotatiom: V= ox¥
6eocl«uww'3uae curcde die Rotation

hiev: - LLrsy)rums vown S umdl S

r&.8,,0 5
cdemtirch s =0 =)F=F"

. Ex+0, é’7 + E,’

““““ >
/, Vt 87 . 5[mha}')l/e‘»{(‘orem c S, uun
Ex & I}/-:‘t . gedvdc({l' derclh Cen he,{fo-
Ex & LW forew tn 5'/ E&"fablnamaz'a .

F=xBx +y8 +t8y =%'8 + Y, + t'e, =¥

LI N TN =30
=) rzxé‘x+7e7+£—e;_.= x'e, +Y'€ +TE,

TRy

+XC + Y€ + &8

ro(-u('iomo(ocoumafc 'Amoieru.mg c 2'=3x )

T odt  dt
Lvuu loordimaten X' ' & abluten
( Gench wimekog Weik i s')

All?e/mahaw als Opevator :

( -~
;(0% =_04GQ+(,.>>(D Wirkh andd T



Amwemelumb o OO = oc%- ( Liollew Beodluniy u_ma)

Y ( - -
f‘.(i‘f):i(__')+6xf£

ot o+ \dt de
! s A7
m 3%(_t+wxr)+ux(i{_+wxr)

Flzama' = F'D,W\ (GX\—/")"M:)X(BX?’)

2 \
/ \
£ori olu Zentel &““3 al

Schein Uva fte

(] ¢ . .
Mewtom " (am rotiromolen l(oOro(AMm‘ws?o*em

ScheimU v e wrschwinden for & =0

Utime tembvi fugediiralt auf olor Adioe TG

Cort'oeiol,(mp{' LGS umd L V!



[')df)r)(dr:

;) kn'ﬁrﬂﬂu%a.ulvap{’ fvdle

(i

= F£_= WM Wt sim ©

30°-© =L = &ro{('(vxﬁrawi/ Huanclew o = ¢5°

2™ F‘b & LV}

r 7633000»1,/ W= AT

ly Cor[o&.h/ Auwto pabwt A00«wfin moclh Oaten VIJ.,(:)-‘

c—

f"_= lwv'= O, 00%0
M U

ni ) Foucouwlt Pemced.

N o
e Morel pol : T= "
/i'lc/oca}m' : T=o00
'K
allﬁme«)w FUT o sima

Hancheu: T=32h odev 47, 3°/1n

Merrumgs -03° um A0-:42 'H,fo/la
108° um AM: 42



é- wa'd;& Relotivitatotheorie

( zuxiee tw dew Ume,rﬂab‘os{'&mw)

¢ l\/e,u'l'om.rclae ﬂealnarm(b( b cmuariemt wunter 6&[¢[u

Trams J»orrwl oHom.

» Haxioell Gla'c(awnge,m weclf .(

Bu};pteL: ruhew de %Mlum» E - Bl
bwe@n Xaxmz - Felod.

Aaxiw dl berchrebt %cld.‘au/)lovul-ww?

W framofor(vw.(c renl
Uas 0ot ddan Mediummn (Ather ) 2
Im welchemm B&wo/mvol'cm rulWt der /iiHaeré

~ Mickelson - Mora3 (£1381-181%)

7L,

AL llomshruletive Jnterfereus
O\’/ Ly v/ !Q% L4 =L

g B ? =) .f chirmn hetd
L

l

Scl«[rm
Vo

> umod L.zlyx L

Amma_[t./wve, : Xf'kWUWo(



2au.£tul- (oM A'rWL [)OLVCLW & um /l}lé’/\erw(/no(:

-

L L 2Lc=£L 1
(-

-

.é» =

+
050 Cc+V, C-V% AV

%a,u,ﬁ tei i Aean Semllrect i /b(l(:heru&ua(:

(LLLL g Czézs,. =L+ u

;|;4
o “\o

— - ¢t
) =D Tor, = c ""—_"Vz
Vo 17 <%

31

—_ . = 2= ~ =
._-—) ’605 o '1- 08§ C Vo._ C. c?
1-
L Vo
-’—'—) At= touo “Coso® T
L Vo
W 0° — = - = =
Dre mawmg ) A€ - o

Verschie ‘ou-M? der JImterferemistrecfen

Acht AL U
AN = —— =X &

RitE L=4Mwm /Amm,aeuwe, U = 30 kw /g [Evo(loa.lau)

)‘=500V\\M- =) AN =0 Y

66/”4(/)02\/! : AN< O(O/I (l/leu’l.e/: AM( 40-47‘)



- /wug?)&.'c\/w, Z:'l((;.rumam.‘

i) V, = O /'A:{'Lw,r drefret auck cler Evde

Verde

weme % Jalr gpator :
Emmer mock Wein foldd’.

ii) K'HACY wird. mut olex Evde ot 9¢gd‘hrf

i) hrom Limge on Ricubumy oo Kthervimols ver lkes

' mew Falior T4_%
Cich um emen Fallbor |4 =
,’ZL‘A—C‘/’: 1 a4

0520 Uz C F o5 0
< > A-E

iv) s ?g(,{— Ueimen Ather
= &[o\d'gwcwu(mdig‘ld" Cn allen me‘h'aéoao#emem 5[0&4.

:::) f,ye%[c”& Relotivtatsrtheorie [EL'MHM 4305)



- Vomae,qutm%e,m:

S <LIL>

/

; - + > S I:'u(d‘#
13 A C
{
£=
§'(€=0) S’ beueﬁé sichh <m S
— — > t=o0: A=A'; B=g') C=C'
[y A( Cl X
S'(€>0)
L
GI A( Cl

Qei €=0 wird eim Aichtholihy im A=A aungelsst:
e $: Licht Uommut ?)La'c‘qtu'h’z im € umd C am.

» §: it oamant amiclt ﬁ&[&h‘td‘-l'z im Blumol C am.

/ .
¢S Yicht Uommed g lachubin in € v C am.

. S”; it oamamt amiclt ﬁl,u'ch%dl-fg i B umol C am.

=) Glu'cb\tu'h‘?&u'(v bl.(;mﬁ'} Uom (Zuu.boo?hrvu aby |

=) £+ ¢
= Modkfilkatiom devy Galile: Tramsformatiom M,ghs



vevswclue :

(
X'=z=x-ve —> X'= (X—V(:)
¥ A—Msa('z-
X = x'ruf — x =g (x'+vE)

%tc‘c,\d—mm(oreilwné : x=Ct umol yx'=ct'

ct' =x'=p (ct-vt) T

m—

ct =x =K-(c,t‘+v&‘) T

I)(]I =) szt' = Y'Z (CL‘VL)E{Z‘

1 1
_:> X(').: y XL,: -
V4
4-'-6’1_ 4-.6\-/—1'

Tra,mséowvua’riorn der Zat:

X =y (x'+ve') = Fra-vpte £ vpt

r()(-\/é)




=) %orcvlt?:fvafno for/m,af (o [ zu-l,{ama ,<)

Xl__ k‘Vt / (
= ey Ee
1~ =

V4

'él“ f'Zf

Py
-

. fu.v vex ¢ —> Galiles Tramn forrmatiom

. Symmtﬁi;ch: Ort x=0 tn §': x'=- th =-v¢t
’/)-%‘
vt

Ort X'=0 tn §: x = 4

cnverse Tran ‘oW
sforuatcon : Ves-V, Xeox, ¢'e—t
- L(OMOZ? uenzen :
l) tetclibototiom

e Uhr cuit i § bee X, =% :

‘62’&,; - € -6 -%?.(5(1."‘4)

91-
cl—
( €
::7 S yabf A'(:("’ ‘A
7,- L
C?-




. Minr cuak im §' ol =% Ve X

(™

V4 v
( ( 62'64 "CE(YL'XA) s
tb-e,' = = = oY «f
{2z - %

At

= At =
) § sagt A

Scammdrriock\: S u,‘ici S'.maevn: ”Beweak, A ren ge,\ae,vx Do oeumevo

= v—rc: 2a€ blelt im amdleren Bau.%oa{'m ‘cleleew”
:) %orem{ztramsyorma,ﬁom muv flll' Ve

=) Maniverselle @emlauéfndi% ke ectn loe?)vem%wné

ii) gore,v\t‘-z Womtralebiom

[ v
€-€=0 = ti-€,=0a-%)




o Stoly oler sumge. L' ruid cn S
/

( ( X’ K,,-)(‘—V(é;t«\ L

L-:XL’ « = Y y_"

aeu'dnujtia inS:€-¢=0

= S sagt |L=Lj-&

S«amm&e)rriw\m S wnd g sagen: ”Bewebk, Stébe sinol Udvrer"

ilv Doﬂolgr ﬁﬂem’/ (/erﬁ((,[cln it Allwstcl

° gC‘ﬂG-“

Frcclue,vﬂ: 1[0 = %’- cm Dz?uaxsgbcm cder Quelle

e bewegter Smpfiinger {'= S22
A A

C+ Ve
] C+Vq

CW\ Gezugssyﬂem oles Mediwwm s

= (1 (- A2
((Zd,afivau&gifv\éud(' &,\_ /{.Ofdv\u.vné



. Lidnt . L l’)e}u@rsgéam oles [M,?Mwﬁevr
— Tutdilatation

(- &b d

'\, gcoww{'mc\ae f#c(lf Oie cn oler AUstil

‘Cz'-‘él o ='|(C“V1)(C*%V(o -V

C+vy C+Vq C+v fo

~ (4 - _\cﬁ o )(o \t\(‘i\z\ak' vnur von Reletiv-
9Lsc\nuimd}a‘)‘{d€ vy 0.b

view : transverseler Doﬂolzx C,He,u{'
Quelle (aeuesf sch L 2zur Scdatlowce

A N G IO

— WUawwoalitat

Voreeichon wechael At —> At FaUn -\2/1 AX > At
fra'ﬁmiaoe, Vor bousdien 2ectliche QMLWFOL% l

\Je,ae\n Vs Mmur fa'fr AX >C At

"Wt genug vom um amioler emﬂ&th'

:> MNrsacle - Uiv(éumg (jm}ormqh‘m)

brecket sich muit v c ocun.




~ Vorﬁm'# auvl Wiolere Seaenter:

¢ ﬂaXucLC 6[&0‘«%50% tVOMO;oV(VW:CVW yc'cla anut

amtisoiormsin ()
. )\
t.B E, = &(Ex +v Be) Fulenole (oeues(—c,
By =y (Byt EV;_ Ev) %a&umé %a.aLwMD

. ﬂodip'(laﬁ'om cler Ve colo m schen Hech amile

w
m=wmlv) = :L W, = Rulremarne = w (v=o)
r
M(V=Q>=m
Wi, = O & VvV=C (Plno'l'om\a.)
wmo V
P
L
- _d
= = = v)v CoN g
F=0~ & (m V) relotivichisdhe
/ lz(oVVeVHureh
. WoC 2, Mo 2 v
E-"'MC’: = MeC + — VvV + _.....
A_VL A
< [/ A

Uonstawke  Neuromsche Uimehiadee Evergie

goﬂm—id,& Nelotuvite & theorde ()am!' wumderbar zur
Quomtemanedianule (= Spim ).
(a-'oer micht e ART )



- &y per&meu telle Ve,VL'F ({ Watiom

) Hyomenverfoll  fi— e + Y+ Ty = AS2ps

wevden on der olberen Athameos plaaqrc, mut V= 099 c amﬁt

f3~=7,03

FZu.éoHCO(le, /MM.(' 6&@&&,&' : V.Cr/,_= ESome

w3
Echolake Bn=462F e
Dewvver

Ross¢ + Hall Plnav. Rev. 59,223 (13v1) @ V3

~A62%w f450 ey -

/450w = 847 (Ga&la)

ND:.vu/eV =
NEcl«.oLak& 20 '/. 320\4@/)’28\1

=) schmelle f‘t&aomu Leben b{‘fwsev’ 7;,:_=\6" T 340/3/:.;,

Ay
Jm Be%uroferm cler Mzomm : A\«l = —Y_— = 230m,

l'i) Jves - Shlwell E'xpevérwumt (oo 43&8).

Ao [Ton
£o
.C“ NN VNN NNANNANNN) fp
\/e=o — -



Relotivirtindaer Dor)rﬂercﬁeu('
o Tk dibatation
g

‘CP - Lo Y
“ R ﬁeome-('rt'oc\«ev f;Fe(dr

{r&
‘Ca. : ‘C" v
A+¥

i

— v A%
= ([ = L.

Cl—
" (a-2) (14¥)

(vnerladb 3)(40.‘? éeh’ﬂl-d-
(2.8. Reimlearclt ekal. Nature Pl«?sics 3, 8641 (Loo?))

i) Leyin fumiom / Wern spal tumg

Ueruchewwse MeV sktte v

/

Comme: M+ — Haet 10, + 4% MeV/
2 + Y — 3o LS ks 6’,?3”6\/

3o + PHe —> *He +47H + 42,85 HelV/
QHA{M/: ‘/'4"’ —> q'He, + e+ EMV}CL

“He Leichtor el ¢'H

Fusionn exotheruc 5'5F
o e

Fissiow ey otueru

Wenarealcbor: 22 — “A + 7B 4+ E uevgie

7‘ + YB Luter als 5L



iV) /H(ac meine Relativibat
(aesda(&uvub te Woovdinaten systeme ( Gravitation )

* (mec: tations rotveffc\n io.lou.v\g / f'ﬂo fom evweva Ce

T © AE=mgAK=%—‘i—941
AE _ 3
Ax Photon = - 2 2F
9 _ -t
] @ = =40 pro metev

Test wut Atewiuhr dn Rallete Ax =40000 Km

Vessot et al. Phys. Rev. Lett. 45,2021 (1380)

e« Perdnel dre\nuna

Herkar : ‘(‘3"/)ro Jb\d

et lduf lomgsamer hier
Meuever Test wack Dop,oszust : 463° pro Jalr
Uumer etal. Seience 31% 93 (2006)
siche omdr Shapiro Cffelet

v) ... nd viele mear

SR sebw 3ul: gdu}e{— ; AR wedrt so gGuk.



7. Sas\reme vom Musew Pum(ll'en

('Z'U.(u"o(( twr wicht relativio hadegu VW”()

Massen Wia [ Wy Wz - Wy
Orte F;‘ PL‘F’z"' ?M

GUchuimoUd(ajhu \71| l7; , ‘\/-.3 .. VN

N
Gesombmare : M= _Z.'M
(=1

- = =
- WJV," +m;_";+...."wlNr /’ — Y
chuerpumké: Ry = =g &Mt
S (8 Y, M S W4+Mt+ _...“\M»N M i l

= ”%U—’ic‘a teben Nillel dex Orte 7V !

Schwe rrumll’r 3cocl4uimob,3 U ek

b= = g Zuift = g Tl
Sch werrumlﬂ benck Luumagums «

A== G Zmid =7 ZF
fchuerpwnwf&mpwb, :

B-nf=Zwh=ZF



GeramtUraft :

Y
es Nl
"
3
8l

° fclaue,rpumlﬁ vevhalt sich wie Honsen fu.mlA',
. ‘Kap[(’&(, d: Hw:empun e = fckuevpu.m Wt
o Genramtlyvaft ﬁrei‘:{- v fchuerpwml/(‘ am .

Jvnere e H’C 2L den Hamwwumb{#em

’?_ = - f—f ( actio = reo.d'io)
{

3 $!
> ZE=T R+ G =0 Gehe lapitel 3)
2 T S

:';‘> Nur externe. Wiafte Udnnen clen Schwcrpu,nl{{'émrmls andern

—
= }zye

U
<"l

Bu})\ow& : eXflOGUUlMBl& Snﬂ Lventervalcete

//_‘ (’clfluevrumt(i'
/ \ . der Fma meunte

\

Parabel .



Woovdimaten trama fovrmahon Cva Sy wwumunudope/vn

— o}
.S__ l/;"VS

AN
W

g =Fi-Re =

- = _1 - BY-D -P. =
2 Wt T ) ';Z:‘M.'(t',-- s)= R Rs=0
|

X

=

Ge,sa/mf’irmpu.eo (™ Scl«tuwpm(ll's«aolfum: 2:%— Z“""F}s =0

]

=) IZP,:S =0

Wimetioche Sme,vaip,:

- - L
Eim = 4[ > wiv; = 4[ Z wi (¥ +%)

Uin, EV'eraic = WUon. Emmbc‘c, cn fc\nucrpuvxl,((—sageev) 4-’—;-' M
/ Win. Ewerac'cdef
0. Uc:rme,

Schoer pun lees




Drela CrmPu.!b:

D=2 prp = Swi(FrR) ¥ T+ )

\

Zw-i_‘?-:x\—}is + MR x Vs
|

D S _UxZwmFE
+ Q;xl,ZW-iVis - VS i WA i5

(/v——') k.-—-‘f‘-——')
=0 =0

'Dre‘nivnpa.Ls = évmerer D\'e\hi\MPu‘-S + 'Dre\niwapu.ts des fc\nuerpu,v. k-l;s

/ \

t.0. Spim Balin cveleom )ou.fo

«
nur immere Wvafle :

° -
° —_
-

C=3L =25 =Z% (-7 % Fy
i ! TEERY L

§ o

— |l

= b -

:-:> twnere Wrafte Udnnen den Drchim,ouls nicht gnderv

Bdop('cb, vom Svol'ewww yom MQ’)’MV‘P“M“H’M;

i) idleoter Gan
/_ , N selor %vol’l
e by

J

Kume Uecknduivkwnél nawr Sl—g")e,




ii} Mo Lelevide

N Wheim
.eQ;ow. Weckneluivltumng : Bl;y]o(unq?a energie
’
iiy Staxrer Worper
) LA o QL o N sehe carofl
gm%m. FZ)- x comsk. Legem oler Uecl/wbeuivkumé

— Saa*em«e, s el Hanoen P“M‘Urel«

2.8. Plameten beucsmé | Wannershoff oo
P - s
W Wy 2, Vy (b,
W e

- = F F A = My+Mm =
R R AL e

[
hwr (mmere WUrafle

Deg(mdl—l'o\m /u, = E% reclwzier te M.cwoe,
=) El =/‘* r/;a r/:z = \7; -
Qdad-l't/ﬁ each Limoliglect

=)

Damamik zoawwr Wwedineluirhewder f'lanfnupumw-c,

Kauu wie eim (lazeu pumbct mit redutierter Hanoe
umod Helativ koordimaten beschricben Levdew.




e Uinekioche E mey‘aég, im Relativlloovelimalteun

2

2wV, -%MV:L
i

TR

EKEM,S‘

4 2 bR A W1V:+m7—\2

1 1
m,' (/41 4’ W4 Ml\/q + W‘;: Vlt . MA.,‘ M-‘, VI:L
W‘ ‘(’ WL

I

N

A me vt m vt FAmow, %7,
] WL, 4 W,

. W (v'+v*-av,-v,)

- VoUlomamen imelaskiocher Shofl (Uapitel 3):

VZ=O ‘/4‘= %‘

/- nadh olemn Stoft
Ediss =F l

Wiw E“ i\

(
s
r~
g
>
s
~
S

=> Gesamte velative Kinetische Ewueoo'c —> Euyss



— Stofgesetre in 3D

4 = >
~._ 7 ~ /,
S < s = ]
- /7 N '
7, )"
Uu\auluirkuvsﬁnovz.

Details irrelevant -Fu"r 3W\Pwl.sev\1ql.mm9

— | —st = —
JNVLPthoaJ'%: R+ P,_ =h+H
| (
Emzr9w9¢f¥: Eu(M,4 + Euim,z + By = Euier * Euin

Vevej,mpa—ahwmgz P;,=O (Mt er mojécol« olierde  Wald
cle, &c} uanmzo Fewr+

ol
[0
T




—l s
1 ¥
Y =
£ Ry
I 1 -7

e

,l=(Pq")<)1+yL Pz:x2+y7_

elantiocher Sko /3 / cfnerj Cerati:

y 2 Ly 8 (5
E = —B— —E’— = (F,-% )7— ' yl + fi'ili
Ay aAmy AWy dwm, AWy

| x 2wy

WAt = WY - axmav Ex ey R (k7 y2)

Wiq + WA
O=-axwW,V, + — 2 (xt+y?)
1

—_—

Wy
,A/

=) X*4yt-Qux '\ =0
=> (X"IA%)L-G- yz = (/&%JL

Ureio mut MH&pw et =l y=o Racdiun M

I . (‘
sz‘”‘el = ﬁfm@,,

meher Unbelkannte ods Gﬁoic\qwmaevn

aber ¢.8. aus 6, ader O, oder ﬁ: = E'



ffe;,-[a.ﬁfaa My =, =m =) 'bb=v:% P,=wy,

- S‘l'o)@ (mn fo(nuavpm‘x{'sgokm:

—t

— - |
e’s=— 25 BJ 5'83

N CATA LA %(ﬁ}*ﬁl)@,’; + Egliss

Gm,P\nioo\a :
Ediy =0 =) Fg=05= ﬁs‘ = st' Es #0 =) Rg=0s ¢ ﬁ; = Pl;
ner Qé““{'maﬁh amolern uds Lamgen cmolevi

< ich: Sl'cl,, :



g . GQ we%UW\% Starver ‘(cgrrmr

Hasnew pumltbe. m; — Mano enedenvnpnte Awe
mit Volumen AV

— V=T ey M=Zm
. AVVII « U
Didute g{ = Z/‘ = comsk. Ju.r ‘/I.O(vuogevxew L(or)nr

Uontimuum : M= sz. LV, — ﬂ‘-‘ﬁ& f(x,y,%) oA x oly o

@dopc'cér l/Lorvmogem& C(u.g,e@

R o T
3
M’S g g S?r",gim'lra(»tfo[fo(r=g%’ﬂ'ﬁ
r=0 ¥-p V=0 — ;dv L’_":\/J
1\%’
AP
Vuadkoovo&}nd#em r/ |
<N k4
¢
X

Sﬂéavrer L(ourfer Scl«uwpumkf SP -

— -—
=% Ry

-

™

§
=
'?

-
-V

-l

-—
V"s =



S*'arvev ’/{tgry)ev = Mbstamde zwinhen clen Namenelomenten
umel tume Sdecsevpumbet (5P) somol [ext.

=> ‘TS‘L = (F:'--é_g)L = comsk.

d 2 - ~ .} Y > —
= E Gs = 2(!’,——%\' Vi"V;} = lr;,-\/,-s =0
=’> (;eochc_u}uo(ialrfu} L e Orervelcboyr (e SP 533/'20'44.

—

= DV@'MAM& wm So\muerpum\lészsfem: Ve = DxF,

—

=5 Vl.z(,_)’xﬁj4-—\7_s

. PO‘HLHOM uww, § c\'\,we\rpv.vx Ue umed Tramsle tiom

¢ Beveguma allex Mamremelommemiz_ la )3 aich

lurch hmsabe vom 6 Zallon T umel %
beadaredben.

« 342=06 Fru'\au}o?mw(e/

— Urafte auf starren Korper

Am@aloe oles A—V\ﬁr[ﬁ!puvnkés Vlé'h'g

an Sc‘auevpbmkf:

ml

= Bescn Le,u.vu'a ung



an anderen Pun Kt :

-HE‘ | N
4
e/

— Dre.\«umg um oo fake Acwe

z
T Achoe

Fi %er&g umg der Geoomtliraft

_— =

R ]; = F,‘; + -}:]3- + -f:::. ((;eu(c\nt)
Vg I e Ackoe ‘l'amsw'h’al Tur
1 2ur Adroe
Drebbewegumy
Ei Keim Dreimomemt, R, IIE
A

: Drdhhomoment au.LL die Adnne (famu f»eo*, Ge@enllméé)

nur D= Ryx T Wikt anl den Wsrper



— Drehimpuly vawm feate Achse
L(°0YCU/V!0L"CMMJ)OVMM6' ) Oler Aehae

_r'L
0
c
£
x

\7' = CSXF“ (\"(;/Vle, QO‘&-"('M)

i = A bskamol zwr /'('c'noe, ) Z /ARy (Udvé‘.ge reiclaew)

4

=T = Tm'.'7 et moment

L=To [I]=V3W\°"

0 _

’ P’W‘Vw olev Drch'oemgu.rné : T2wm

- T luzusl' o cdev Wl oley Achoe ab .



— Rol'a,homoewerace, o ('ml'(, Achse
L{oovc&maf'cmwyspvumo" anf Oev Hehog

2

Et(t}n = % iZA'M-( v % /Z bw; I’-‘t L — :Z" T w*

I

= ‘;__‘V"q Aer Dmk@w&tsumg
— depe‘uu A
)
) SdAuloe,
"
I
'S
R h

I=fijr o{sad%ro(r

o o O
sd\/ (m %taluwo(&’((oovo(maafem (G-l%l‘lo)
K'
i") "(‘L?Le-: TC’)

2R



R
r- |

=2

T av

]
5 5? Ij_ r .quro(ya(«rdr—

_J

= AV im ’(uﬁdwoordi}uafw. (V, ’U'n(’)

(’_L =X SVV"b-
|

R
re 5 j (r;uvw') F* simar das ke
o

O

=pA L = ML T, [IL»I")



~ Shimersdhe Sate

Pavaallvaru\«idoms dor dase vowm Sser pum bt

viewe Ace
sp e
? 4 C = Q.y

1542

Achop durch Schwser Pumtd-
Ia. = g ¢ ‘11 AV

- {S’ ((x-a)*+ (y-09)") AV

v
o Ts
Sf[’(l+72)o{l/

v
vV
—&u,f.?s( dx Ay A& —gm,j?y Ay dlx Az

v

L s V4
-V L——s_.v__l
=0 SP 5

r @hral) S o oV

=M

To=Tgp+ o M Steoviersche Satz

U




s Bo{n}aicﬁe,

CL

&, _nt
& 3

_ Mt
I=- o=+
/

Tgp o

i\d Gravi+a‘rt'omsuaa3e ( Kapited t):

_ 2
m TG /I'EW!I'"

m
O— ~0
— o ear
L

==> T=awm (L’“i- '—z'f\’z)

’Beuaﬁm%oﬁm},\aw\% dev Rotatiom

D=1'(.'.\=I("o' (-1- ”F=wza“)

=) ;o(,L) = S t* 4+t + ¥ [_-'1 ;’taoé‘z+%e+x°)

AT



Beispiel:
D=FxF

D= RM% Simad,

I = I.'r? + M Rl (\S\{'C(MU)
abgevollte Shredce S= Re = a=§=Ry

D"‘I?Z =) Hath)V.ac=(1}p+MRL)>3

Ma szt\fnok 3‘9[”,,(_

I_(P+ MQZ 4+I§F/HR2'

A=

= Teamsdetioms [aeoc(tlwm.[é umg wm Falckor
A+ ISP/MR’” Auwrea Tratal:tei‘ro/m.omem{’ reclu2ert

- _ MR .
» Volleglonder T, = - =) =T g smA

2 S .
gt Top- A5 2> asggsms

A .
‘ Hol«ﬁ%?ama(er ISJ,=MQ" = a=73Ssm4

Vol(}ng-o(er collt ccmellev alo Houza&‘/m(uf
La(?oe rodl € modn cc mellev.



Dan Gleiche mit devn EMV?)CLS&*%-

™ EPO‘(’ = Mgl"‘

A
> |
= )
Ein= & MVE + §Tput = JLu2 (4 %) = Hgh

— Drchmmowment an dev Zuwsirmrolle

ede)

R(cla(’ums Ao Dreleamconmeents chrelt scch wme .




- Matkwbeﬂ')al«tl’o Ra.o(,

([ (/L[ 101/ 1S/ (/L (/L[

Fa’Mg
F':Gejemura(,t dw Aughﬂkm%wg
= ! = = MRQ ’
D=FR« ITw .’L> © [Ifklme,zo)
o o MRy
D> F = 2% w
aufecdem : F=Ma a= RO
=) Ma-F' =M MRS - _ .
2
12>/02R<+R< &Q%+Q)2-
_ 2% ( %
“= Twzeazd Tz’
(_,_ﬁ,___.\ (_.___r_———'

<A1 <1



&M lm'oe& :

_ R _ _aamw)*
Re= 20 “T o)t ¢ 901
'_ 1 = 0,980 M
F= A (1H0)*+4 Mg = 038011
L |
Re=R,  a=3T g F=%He

Re—0 = F'=H, (stectisch)

Rc —0o0 = F'l=o (Qve,[e,lr Fal()
[
) Ve Pavaloel 1 F f p
A i

St : "UOW(—PW»(MQ“ F’(é): L(mf,{'sbpm umuehrpumkt



— Ureinel ; fml'e_ hioe — beuegl&'c(ae, Aclioe

Yy, Yy,
- HR® T =HR"
=3 2
nstedocl Stabel

E xperimentell: Rotatiom wum dic Adroe it  olemn
grg(,(tem umed. UWWepmaterm Tra'z(g&u'i’)-
mo memt  Stabil,

DrdnémPuls o fchuer\ou,uuéscljs tewn :

L = am; (FigxTy) = A (Fox (BxF)

Jetr€e niidht Abglamol zur Adhoe comalern

Gr&(&m ann Jdewtitet: & x(bxl)= G(‘-’"’Z) -T (&E)
(' BAC-CAR'- Forwmal )

-—

=awm; (r25-(5-3)7F)

ZAVH; —> 5 ?(P) AV AV = oy olyo(%



2.8.
Ly = S?(F') [(x‘+ V) Wy — (xOy +y Ly + 20X | dV
V4

v (l/ v
( — —! — —

V
EI}(Y E’IXY =~ xt

cwwulog Q&r Ly umd Ly

2| Lup = Jor (s -aplav | wp=xye

v

1 \Cc'c'r oL =3

0 Soust

Urovnecler Delbe, : &d'p ""{

2R Tux=[s(eddV T = fp(xp) olV
v v

L)( XX Ixy IX%— UX
= [(by | =] Twe Dy L | [
L’?: I:z-)( I%y I—H.- Wy

— Aé
odey L=T 0L

A u . -~ —_
I-= nghutsfem for ih, L amicht [ 20 &

(G(.u.c\:\ mich t g&r 6-"0)




— U fte freder Ureret , D=0

L rowm fert,

O wmal Fisuren — R
i AL
achmre vweht;
)
«
Rastpotueget”

S% wietrencker Kvednel,

y w
Fésavev\o.c\ch beschvrellgt GaMapoQL(egaQ

Nutation: Drelimoment [rece Beuc,gum§ cler
Drehachse umel Fiquren ackae um
die Dreh im pubyachoe (rowm foot)

- Prd : )
ratecsion, D¥0

Syml&*rl}adaer Wreinel, & IC ( Keime Nu.fa.ffol/l) ctoer D+o

weder F[auvcmq.ohre wnoda
3 > T Q, C rauw fest,
- o
FxF=1_

D=



Urenel weidht L 2Z2u Zf uncd Ewm




. .de_D _ MaRang _ U3R
T ode L, L Sim L

wviody ‘Aoqtmsfs vown Y

Prazession : Geueaumté des Dre,h&m}oalovek forn | cler
F[auyen—— und Drehadane. um ber deva

Q&n(éuss emes PDrelhamoavients.

— Culer G&CbLlamgeV)

dam l(grfeq[uhm Woordumaten Uaun f a([aaoma.&'at'eri‘

wevclew : Hawptachsen trans formmation

H o

";> IK =

° o
'y

(@)
b O
I

c

o

L.+ Ib =I=l‘c asymd-rt‘aoher Wredoel (G.B. &'ca‘avrehw'ol'c)

LTo=I, #I, SO wee trincher Uredel (2.8 Schedbe )

Beweaumaagwcln uma [L(aP(h,(, E) :

=
—l

l = N
6=QIT+(T)KL=D

&



B = 0t + 0y + D22, = Dadar Do + D.E. = B
(La‘oorsfao‘tevm) (L(afp&rsiaotem)

Mowv\\oomavni'em (}m l(é'r}oers?olfe,m 2—.@. a-(»{omyomeu"e:

L A
d 2 (D )u-—' T (Ia'wa) + (uch-wcLb)

(

D =

= IOL (:)a’ + L‘)(OIC,UC- Uth Wy,

h
( T, =coust

:T(E = A—l,w'l—wng Aoy Wowponente Wa

b, C L(ompom ente cmalo 9

T, O+ (T.-T,) L, 0, = Dy -t

Ib L:Jb + (Ia_Ic) Ua O = Dy é&w‘,\mae’m
Ialjo“' (Ib—]‘-a\ (.Jb Ua, = DC

dom A”gem«u‘mm kommpLirier £, selbat uenw L(OWL)oovzevzl'M
von O bekawnt tm La(oovr«asle\m, Lonaew sich Da | Dy

umol O, erst vach oean Losew am gebew !

= wmaent chaotindies Vorhe lken / a,u,[ler-...



1) L(va:&l'e[—rde/v S(drmbh-ioclaer Urerel i Mutation

6=O [ I«,= Ib => C= Fc‘gwenacln:e,

. I -Ia_
(A)a_ + ( C:l:a, “Oo) Wy, =0
Py
= = = — W =coungt.
wo =0 ’_'> -Lu_, c

=) L:.)a"('—c?,wb =0 L:DL ‘Qw@ =0
Zésumaz
We, = Atin (ﬂ e) NMutotion ((m L(o"rper.srj ofeuu)

A C cun An famgp bcd,bnamé

-

= [,& wnd ¢ shtc dr einer Chene

e im WUSvper festen Syskem olvehen idh [ tmel & umn c.

* M v festen Sgsl-cm dreren ccch ¢ undd & une L :

Loty (+=0) Lo A
G&V\QPOLuO,ﬁ&L: fan (fc's Rl = i—z—

T we




Wy (¢= O)

Rw{'poLKegeL: £on ¢, = = .E,A;

We
i1) Wvafte peion wnsymebriocher Wrecrel

Lann ?(L{' (.—'5'50 (S{'Odotf,e A'cld’)ﬁ) Z

f,[a.((.f:

(IC’IB ) LJC U‘o = 0
(To-T ) Waloe =0

(Ib ~To) wpn=0

=2 twel der dre Wompomenten Wa Wy, W mudsren Null seim .
dh. B =0 nur fir Rotedion unm thue Houptadoe .

Stabilihat 2 Wie feaac‘c.r'l"&im um ie a-Adioe rotieremder Urdoet
wdf eme leLeime ﬂé‘rwu&?

& Wa = conrt
W &) = CC )

,./,O = O

= T~ T -T,) 8,0 =0
L, 6~ (Ta-I)Ua £6) =0\ geloppeths Spotem
T, $,)—(T,-T.) Eoth) Ua =0 A. Ordmumg

=) em%uoy)pd.tw .(?ol'e,m o({-ol’o(mum(g:



é;m tx E,(¢) =0

é;c.(’é) +oL EH) =0 wik o= (EL'IC)(Ia“Ib) X
T, I

+ifa ¢
ZO“Ja.Mé: gblcl‘{') ~ e

e >0 & I, ootF das 3@‘%&, ocer Wemste. Moment.

g (Toc¢)

reelle go“!u.mae\n 5b(¢6+) ~£ws (Zt)

= f l—oq rumca ooq-«‘Uc'er‘f’, aber Ual:c‘rw(' /m,'blx(’

v <0 & T, O+ o mullere Noweut
+pt

= L)~ el e Yl et
cing oler beiden Lsuungen “+* (fiv p>0)
odey -4 (fdr <o) wedast expouenticl.
=) entsprechencle wm"‘é Ladust exponentrell
= rotodion “Wmathematisch (£=0) chaboil
aber nidwt tw dev Realita't ( phf,g[l(a&}c\a) .

= Q'a.‘oi& Rotatiom wur uwr dde Acoen wiit
$'517“’-V"‘ wndl (leemobene Tra:JLtbC(r:momu,w‘l‘.



3. Harmowordher Orecllekor

War mowirdre §o‘awc’m3 umg e (Simenr - fé‘rmia )

/2224

F=-Dx =Wa = ux

L

Ecue,b umgoﬁlu'cb. ume):

v 2
X(+) + W, X(¢) =0 ANl vy

%Jluménamjafh’? x ) = Acos [(JO‘E)

= x(¢) = - A, sim(Lot)

=) xXH#) =-A (.)09‘605 (uo-e)

&‘mod%en: X(#) +OFX(H) = - AW cos(Wot) + ALt cos (Ot) =0 v~

3eL‘r oawch it K@) = B sim (Lot)

umal Xtt) = Som( LE+§P)

Aé(;e/m&}we, Zo";wng X (+) = A cos (ot ) + Bsin (ot )

oder X @) =CSim(Oot+P)



AW'oa.smmg der Uomstanten A B (oder C,¢) am
AMFOLV\?A[OLOU/‘AalAMﬁ e, 2.8. X(t=0) = Xo , X(t=0) =%

~ Kompdlexe Schrecbsune

o M
e"= WXT (To«.g[or:f(")(ym)-—-/l ’O‘ln)

n=0

A . .
guler FOV/WLLE,-' e‘ = CQSI(. 1 g(MoL ( =‘f._:l.

. 0 (:," 0 /- AN Qné/l
. 1 (in) _ (ix) 2
Develo = e =Z"'.‘ 'Z(ﬁr Z 2.u+4)|
N=¢o n=o0 . n=o0
Zh ﬂVl{-'i
"
= Z(1) (zn)| ZL o) mma)t
N=¢o
= (0§ A = Stm L

Ou.w(a 3 Sl>WOL= g}' (e_id'—e.;d) COSA = i, (ei’("_ 6-;°L)

Adw(z) A Jwe
. /
\tx\

P > ot N
Re (?) \J Re

¢ Jou ) -
tan ¢ = C‘::; R{\: ) Osvillebion 2 Rotation cm €

ip

= ltle



llom plucer %’swwrwnmlre:

At . A At
¥(#)=Ce =D X@=cAhe

. At
etmgeocht: C )\"P—M- +cwre =o

= NM=-0d@ D A=tiw,

Mgeﬂnu}ne, l/(ofw\f& ve 2os umg:

10, € -1t

1 Ot -. d
reelld fir C,=CF: X)= e et
= AR (cr&' ) = 2Re (Ic,ie' Y %)
Jwe (1)
=2 LUl cos (ot + =
! ( e Canyp Re (C4)

Re%e‘o‘t: Alle Rea‘nmu.mgeu tn ¢6(LLYC(4-FU‘.(L\V2V1
am fnde Re oder dam vevwewdew.

— Aundere harmonisdhe Osril(atoren

I) Pevwiz@ [11/1/717
E F7,=-lm3 S!‘rr\(7l=mat.=lﬂ4.£¢.(;
L 70:
_ = @ +g2 Simp =0
~
l v nicht avaL? ok Losbeu



fir Uleime Wimllel ¢p <<2T
Q1 2 >
«
1 —y- 2

—3-!' + ol +....

00
Sime =é°[-4) @

Cmpx o D $Z+ u,“y=o w¢,={f§;
feﬂ(undempemdd (= ’wl— = au r =3 {ur £=095¢wm
ﬁ) -FO\'SiomoPeMAe?/
D=L=T&=T¢

/ wfv\udrfc\a"avtg l@b

Ruc Ustellwmoment : D =- DrL 50

=) $5+u:“<p=o Lo = %
— Osiillationen wm Potentisdominimum
1 Epot Epo-l- = % Dx*
F=-Dx = mx
Y,
c ) = 0, =12

Limeare Rickstelllteft
= ?u.cwlrafl'ochm Potewtial

= l/larwxom(oe\«e, Oazilletion



. E'Vlerai(, 2 xX(#)=Acos(Ust) = V@ =xl)=-A0ssim(VUot)

E=Eyy +Epst = i—mv’w 4 ox+

2 2 PR
= 2—“::-’,; gimllbof) "'A’ Vl::-’o COSl[Uo'e)

A
2
= A MO — coust,

- 8@0&%”&»’ Os rillator

L Recoumgpltrngt Shokies + Fy ==l v
=-Dx-bx =wa = wx
©]1
Bweamgagemu ume, |

. , -
X+ pktt) + O2xet) =0 wo={B ¥ =7

AE
gohfumjp amnaty: XHt) =ce

A€ A€ \E
Eimaetzen : C,\"e *2)«-6:\6 rotce =0

= M+apr+wd =o

= Ma=-F t{ ]



i) schuache D&M)o,[u.mab ¥ <o

= X’z'(PZ' rem frmagc'/na‘.‘r'

bCJS@ri N.)d = L)ol_r“ =) Uot= UOJL__K‘L

= A AN
=> Xg_)___ek" (C.el df+c*e/luot

- A{"tcos (Oget9) <
4lc) Cang

N X (+)

VAR

(oS(uat+p)

B N

aT AT AT
y - 1 = — == >
Pe,rtocke. ) el |U.§L-T o

90 damplter Ostllator schisimat ehues ec(ma/;wvugr

“ )}t
Emerpl'evcrlun{:: Dwmp}uma A — Ae ¥
_ 3
E=Eyu, + EP,{. = A’”e, 2yt M5 § coust,

X
Aball auf % clov Am}amoPLWbt'& mach €=T =

on Simhecten vow T Y << Lo

T _ v _ 1 a F4 Lo
T AT amw 9“6"4/1-“—9‘{’

Ay



Q= 22| Géte do» Osrillators (Buelity)

Q = Am il cler Sclaut}naum:jzm (xn') bes Em,vat‘c dfoo:',ot'cr{' wt.

i) Starke Dc‘c’.vazﬁwnz ¢l
=) fxﬂ-uf' = ot reell keme Oseillation

—xet -+
= X =g ¥ (C4e°4t+c&e,°l)

2 X 23>0 WUrieda fall

=0 aperiodischer Greny foll

¢’

- Cezu ungene ch\w(‘mauma

Xu

Excrentev

. .§c\nuims+ mt amregevder quu.z,wr )

I P A'mrzul'uo(@ und Phase W ab MMSL?
X

F=-Dx-bx +Focosiot = mou=wm ¥



Bewesumyﬁlukln umy:

[ L] g E
X(6) + A X))+ X@) = K os Lot w°=(v2—: Y"ébv’n “=

Cm('wfvuoaema Di},[wremﬁa.é?loichu,m? q. Ordmuma:

%o"‘sama = l/lomo%en& %o"swv? (%=0)

+(m Ltomoﬁem& g(o'suma (F#0)

X(t) = A, & ¥ cos (wut +f) +A(L) cos (LE +P(o))

- D C )

v v

Eim rc'rtw(}n'o wvzj —>0 Amsqtr

ut
Womnplexer Amoatr umfocher: )(({:)'—'A(u)em

1@ (
Aco) = |Aw)] e'(/ “) tan Pu) = Ju A()
Re A (W)

. - . 2 /st
m X +a'lb4')( + 0, X UKe

\

. W€ we
=) [—(.)9'+&a4,cw+a)§')A(u)e = uel

K Amplitude umdl
(..)3'-&)’*4-&,{3«0 Plane derv errisum -

= Alw) =

genen S una u.mg




) Ao P»&;LU.OQ,

1A ()] = A(w) A% )
Ki
((L)‘,"-G)")«P&iru)((wol_waj_airu)
Ki
(L&-0*)F + ('?'Y""’ )9‘

! Al
K
lA(U)I = 1j — Aw
{(wi-0rf + (ayw)
La o

o Mouiomumm cler Armp&'/'ud& = HMimemum cdler Mewuers

/
D@B((wo"-c.)l)ﬁ + (ayvu )1)=o'l(w3‘-63")(-.2(.))+ Xp&w 20

:::) w;‘-w* - &y‘—’“ =0

= |oe=fof-apt | Reomamefrequems (+04)




f&r Schisacdhe Da‘f/mrfumz Yo Wo® Wy & g

¢ Reaomamzamn p&"r‘ud&

'A’(U’(A)[L)l = - k —
[ -wr-ag2 )+ (ay ToE-GF)*
T4yt + 32 OF-agt)
feptor-aps pfolpt apu
=) 'A'(U=&),7_)l —> > fur ¢ —o

Renomane leatas tro phe ,{

e Holbuer€s brete {dr B << G

Suche O [uv weldhr oich | AIX auf 7%
dey Renomamy werts veow 2ievé :

(
(OF M & (Lp0)* = Flod- wh) + Qpoa* =t (4y* Lo —4p)
% (a0, (0o-0)) = @pu, )t NPT
= 4“3‘(U-u°\°‘+(45~’*u}) x Ab x}w}

=) (Uo-w) =z 3p*



Helbo et borecke &d’r Y << W,

= A= ik
Nl wickb of Wal) weanriteon
i) Phase
p = aretan ( i’l"ﬁiﬁ? )
A = = . zpoe ~° (u‘ffﬁ;:if}tﬁ
= @ =arckan ( - ;bi(‘:),_)

Pro‘olem: arcl-o.v\ Muyr MILOAu.(o .

A cwckan (x)

Y/
-TA /,__ ~T/L

Il

TA

>

X




L) S('eJ—ia :

o p(Lo=0) = arcten (0) = O

Osaillator go?,%é: fur Lecw, 7u,a,m' Stetiach - =0

- @ (L=00) = arckamn o) = -T/y

/ Stetig (

. ?ﬂ(“ —700) = a,YC"'Q_Vl (O} = o0o-T

DA
l'ip Zv\evgdebilama- [ruﬂ)
mX +Dx = —bx + Fo os(wt) /x
MXX +Dxx = -bx> « § cos (Lt) X

t —

¥

Genamn {‘cwerao‘c, =coust ( e[mae:chwwnbcm )
=) b x* = & cos(ue) x

/ N, _
«Yéw’ump cler fredbeuden Unaft F-v
Zeirkums der Qe;bm«j .
(l,(a\otl'ez 3 )



Xt4) = - |A(L) | Wsin (LE+p)

dbcr Fercode T= %)I 5ema({:te,t+e a&ohmqg
277

S Cos(wt) sim(we+p) dt

(]

T
. 1 AL
P= = SF\MA - AL

o

Zv/0

= TSI‘M (f

waxumal e <,0=-% /oUn- bee Resomavne

1.y Elantivitiblehre | Fertlesepey

Festlorper : O ue O e O

£ £ E

Olwe Qe O

E E §

G leic L\aewiclah @aé e =) htentiadmmim wm

Ar E pot (f)




Epot (1) = Epog (1) + Epae (o) (r-10) ¢ & Epet (ro) (r=¥o) ...

/ \

Uownstante =0 (Mimim uw.)

95,-.&

Uraft: F=

= Hool'scher Genetr :

— Ddnnumg
aL | f'i:.': |
L
1

‘ ”?'4"7%'/0 wmasdueve )

AFE

= Erot (( ro) +....

F=-D (r-r.)

= De\nmuma €= T

/\/ovvnalopa.mmumg b = Fm [ '\%)—9.']

AL

L

(reversibed ) :

—

’F

elontinch P lontiadn ) &S&%o_oﬁmo(e rune,
N Drakt ret (Bruch )

N—— Clinearer Berecdh (H oolz)

£, AL



Hook : | g = Es E= Llontizitatsmodul
o~ Bruch
* Bepiele : E [ 4] Lus fentiy Lot [10° o
Stahl 200 520
Beton 23 2 (Stahlbetow)
L((Lp(ex 125 200
(arbon Nanetube, 1300 A%4000
Cpimmenmets 450-1970

* Uorreld buren ; H yoterese Peaaﬁfoc\ae, l/e/rfovmw\g

[V

ZI}WLOW&V G&Vo;c\q,

Al Ag
Wetaat = [ Foll =AL [ 6(c) ol €
° o

Wptost =AL§6-C£‘J0(€ = Uavrwee

fmev?ewmmf% = Fla'due olev H? sevene Wuvve



- auer((ovn{;vaution

.....

_______

AL]’ Jms
_ f_ama ad<o pie AL>0

e
L
| ad AL
| <~ L
—
c
:> L Ad/d Q uerlontrelctioms 20 L
A AL/l cwch Poirsomzal

¢ Volwmmo:no(evum? v %ua:

AV = (d+ad)r(L+AL) -ol*L

= (d*+ 2o Dok + Ad*) (L+AL) —oL*L

——
T o
> P +QadL A +o*AL - o*L [ 4 4L =0)
— AV AL AL
= = T =y - g leap)

M <o S Volumen Verﬁvg ert sich umter %u.%
H > OF ¢ Voluwven vgrrimae\rt sicdh unter %V-%



. Bwpu&,
Stanl 0,4% - 0,30
Uupler 0,45
Gumurl 0,50
Uor U 0,00

) VOL“W¢W&“°(¢VUM3 oluvde allsetisev Drudd  p=-6

& P
'76/ P
T — 56 oder p—>| » d—pP
4 /
4 PL
\ 1
v P
AL _ 0 _ 45 Ad e
0= - E [y T = (A &/w)
[omsc{’ud;mah \ XX %a"wg,e\n
Dehn MMZ Quev WUontralk tion
Ad _ € _ AL _ AL _E /.
L E &t T TE )
= 4v _ AL Ad O
>) v ta == =3¢ (A—a,,.)



3 (1-240) ,,
= & L(omprwm'bél,&a{-

)
&
m

1 .
euLda K= 3e L(O\M.Pnrw%ovwmoewl,

L., %!=aes' bzu —A\7V—=-9€p

12

— L

nentrale Faser

o lUale Berchm.'(aum(s durch den L(vd',mmuuanmo(jw rx)

relative Dehnumg = € = (16 +2)elp — 09 ol

ol
_pdde _x _&
Y reky E
T
ob(=koh,o
TE

= = T



F F
AWO(ZY&YIC(#.S‘ = ; = ‘Z‘ i—‘; =) AF = o ) %OL'?:'
E
Drelh om oweent : de =234dF = %T,() rdr
+dlz r
E
_bE (L2, _ kb
Dy = oo g e =
—dfr

Wivd uormfws(ev{' Aurcn Dremoment F (L-x):

= o el ¥ =alx)
2(x) %~ 7&_) (o? 4449&.(—00/\3 x (muerser L(ruumum?fra-o(»w))
=) &(x) = %‘— )(3- %x wit 2(x=0) = ¥'(¥=0) =0

Form der newbvalon Foaser.
‘Kr&mmma nimmt Limear mut x abo.

Bagumy - lece=t)|= 0L g - | = 5 =13



- Sc‘/\eru.mé

—a o &

7 T /
"“// /’ /( =
o " fch wnwng § = B
/ ) TPEREY A
_—.;> T=6& G = Schermipdkul.

— An weV\du.\n% Torsion

7 F Snerkraft

=

¢= Torsionswimldel

K = Scherwimlkel = %

)

odF = T (aTrelr) = 6 T (arrdr)

—

t )

&
Drehovioment : dD=cdF = 276 r's%— v



Rq
= D:M rS[AY - AT6Y _—
L L 4
(0]
/v({"
— T6Y 4
L

d Dll = UlM“tLVCC\Afﬁrg'%Q,

. Za.m?e. umdl diinne Drahte USswnmen Wloimes Drelh —

mowmeevt wregsew (éra.v(l-a,ﬁ'om,(uqaéa)

11. F( czmg Keiten uned Fludde

2unachet H Y drostatil

7//////

F L Ober[ticwe

/

W

=) Schermodul G=0 [fur {deale F@&ff[g keit

Fest Flussi g Gas
G +0 =0 =0
o 2~ 0 % 0 +0

|
I




(f?l/lorier&\/l ((ompresﬂ(oil[\‘cf(‘ fur F&fﬁ[b Weltewn :

Stalhl \Wasser Luft
. -2 pt -40 V,_V_‘Z— 0'\‘- wmt
o€ : 6,33(40 -l\_l_ 4, 2 x40 N 1 ~N
- — g
u .ou
Ulen

- .D r(LC\l( .
i) Ciu/qcve,r DrucY

|F
v A

7//% Pt [Pl=x =P

10 Pascal = atwm

/'/) Schuereclrudd Auwvehn E[éav\cae,wic\,\t

= P = S?\n t P fclnuerao(vwck

P, = mé«aac\ne_r &M,pue Druck



Wacser Qv

Gleich qeu icht:

-4 =>S’£=%§w

Terpam tm S

=) Drudd wird Aurdn das Rovr Wowmumwumi viert

U- Rowr oirkt wie Bellen waage

=) Druc (,ma.‘ol«cinaié von cler Gectalt dles Ge{cﬁ,'les

(]
h y drostatische Paradoxown

]

Erk[&'rumao fmga(ic\at(e,(k:

-
<

i

l_n
yFl



Ge(af{? bout Geﬁe,w Wrae [t 2w _IE;_ und I:': o«

) i~/ s
XU, /iy

- F —
JF ’ |

=) Ge gew Wraft hok die “fehlewde' vertikale Uowponente

= Drudk wvirkd o o+roP

* Blaioe. Poscal A6%8

BN

Strohhalm bring Fass tum platzen (theoretinch)

Deachte : L(ra,ff’ wivel wberbsht ((ibgr;gl'z—u_ué)
wicld cdoer olee Emva(,'e_,.

SSSESSSSSIS OSSN SS S S




e Torricelli Flasche

— «d

/////H Offrumgen wit Flide A
Ji

Arbect beim Austritt: Fol =pAoL= falnAo(.

.

/
é%mv‘=i’-gAdv"

=) V= &gh

-} 4 v awdirche Presne

Fo= P Aa Fa= P Aq
/ R _R
/ 7// P4 " A
77T 77T /
AZ by (]
= Fa =F ',K: u‘OU.SL{:%wn?(»WlaeL

Statinchev Drudn ot Laotroyp. Aonsousten wiwde sich ol
ﬂdm"c) et in Bcueou.m5 oetzen b die Druckunterschiede
aune %Udaevn simol.



— K (ra{fe‘ genauer

R

—2 & |
P P+ ;& olx
’—7@? * —

P prelp y dx

2%

= dF, =pdydz - @*Z%dx) dy ol
=-% gy AV'= ol oby ol

ana log fir o By waol ol Py

=) ou? = - 7? AV L(V&Jr(’du‘ﬂf& = DrW%radjw\’c

Hydrostokil: Tp=0 oder ~Vpdv=-3gdV

mi€ oder chve a"u{le,ve, Wvaft 6ua.(m€l{mﬂ— =0

- /4«,(;{' riclo

»,{

wf ap =98 (hah)

A
6 F; = APA = 33 A (\ﬂz_‘\l\a)
g X -

—

=Mre



= Ardaimedirdnen Primai P
Auftricbolvaft = Geucdat der \/e,robrouma ten Flissigleit.

= HFe3

6Lt auda (ir loe,Uc(oié Se,Somd’e, L(ér)oer: ?’ev(a,éumz i Wavjel

— Cartesischer Toucner

[./ Gunmhant

ﬂ//?// Druckt aucf Guommaiuouct
// q)ng{— Warner ¢ Tauwdner
/,

/ wrdd 2aft chvn unkergehen.
\///// /) ’ e

- gcl/\udlmme,vx/ Stabilitats load,c'mau.wg

Ry =Ty

S = Sc‘auex\ouwtb(é dey Ko rrers
Se = Schwerpunlet clov vevoLr&mabﬁe,n Flussigleeit




Vcrti(lalc 1
S )
J N— Sw/mMzérteac\ase

/

b

\\
s
\
\
\

sl
6——— \:\1,

M = Meta tentrum = 'Drc\r\‘ouvxut

M oherhallo vown S:
Drevimowent clrent ruek = Steloll

|,
bs

4

M .
Se

o1l

M unterhalb von Sy:
Drehmowent cvet Leatey =) (mstaloil

— Oloer Ma".c\nevacpawmuwca
hicdht -(deale FL&H[ﬁ“eit: Vra{;t Twyr Vev(;orm u,\/\g
S F+o0
_ o=F
i e Metto Ueaft cucl Oloer flachen —
& "‘gf woleldule nach imuen.
Y4 Jﬁ)
~ ZF=o
Holeltile

Zichen sich awn



= Lnergie W um Moleldile cucf Ober[locre A 2w bringen:

— &= W o, berﬂotc(/\evwmevgfa
A oder Ober L&i‘,cb\emcpumnmg
N
€] -

M essung mit Lenardougel

W/{///@/ Felim g/owwa\«m

\J

‘ W=Fx=6(dLx)
vx

— 1
L
F
= |6 7L
Vartante
=
_ F
c= ¢Tr

23w N m N

//// ///// gewmesen 7= 2com =723 S
—

r




B&Copie(&: o [”/\MJ

Wasser 0,073
Athanol 0,023
QuedK sulber O, ¢#1

H&'uaf' d-arL( Vown \/evwnrdm,iswma alo ( c"mrBUo nlere
Lenwn diese aul der Oberflache siteew.

kow zewtration von 407 Ce,fyL‘oyvcoLfm 'nya(rodqloriol,
(detm[ﬁeL) reduziert © on Wagev o § 1/s .

- Trop{ev\‘oilo(uvxg

/

a
/ ATR = F=aATRE

Tropfea Lost sich falls m9 > F
= 3 g3 xATRY = R= =33Imm

Bivnendrucld in Trop{ev\ ( owne Schuer ura,(.{')

W=5A=F 4T R
o r B~ Bo\- sr5a Ap < g
e

QLY

::) P = _R,
: : 45
(.S)QL‘F@V\ Qlcuem : &O'o&rgla,e\aev\ —— P = T



— Kopclloritit  (Kohdsion — Adudsion)

biher : Grey\%Q(,&c\ae, H&rﬁg ~ Valtuuma /6an

getat: P = 0. 1480°

Oloevua'lchmgpuwmuwa an allen Grengflachen: G'UGIGL,: /VFG

Ko fte :

6y L
L L cuf Teidenebeve

vertikal : 61'6

horizontal: Geaenl,(ra{i{' cler Jand, ((2ceht con dler Jan oi)

L =8upl + cosp B L

bue — Our
Sro

= (oS ;o =




) G Gur, |25 (< 5 pegod

FLuss ia Weit Uriecht die Uonmdk Winowl f

Tropfen benetzendl

\\\r\\\

77777777777

I Fuc-. Sur

i9 Gue < O ,<4 = ¢>30°

Fldmg Weit ird Winab %ed.nf.c et

Tropfen nickt benetzendl

(7770777770

Ju buden Fallen ot os energetiocn ganstiger olie Grewm tfldche
mct hoher va,vaée, duvch eime 6revrt[«&‘icl4e et uu’cdriraer

Emugt‘b Y278 Vero(ra'imf)e .

m) IG'U"’ FG:'F >4 = P20 reiwt nidat

G

Uen Kv&}feawk\'\ﬁeuip\af /m.(ga Lich |

e~ dunner Fwm lariecht oo U&C’t’, beo b die F&st ek
au&?cbmudak o oder cue Sc\aue.v(,{ra.“ v S{:oﬁ)‘t.

~



Sc\nu(/mmevnate,r Tro P J‘eV\

o\ I

2.0, Motorol auf Weusser:

N
Y
(7\4; = 673 cos¥, + 6y, Cosp, niht MAO“ZCL\G!

=) Wein Wrdlf teg é&’c‘aﬁ eLent
Tropfen wird moleldular aunumander getogen .

(chmp‘ner Boot)

- May)iuwru(rkuwb (m oldunen Roliven

G
L\/ W=A (GUS_(UF) = awRh (G'U(,'VVF)
" Jh_ >
=) =5, W= &T\'R(G?Je ~Gwe)
s (
Tl_' = mg = Tih $9
= LCG‘\J(,- \JF) _ A G cose
R4S R%S
Maumes [Cor : H —> ﬂ => ¢ =0
LG ‘ “_oo g,
= h = Ea—g- b= Ober‘@ac"\e\a.fpavnmuma Fl‘»‘”‘j ket ("‘" V;‘G )




6;/(, - (’:,,: <O 2. B Quecksiloer / Glog

H 3 C'
‘Nenirlews

‘(&pdﬁavc De,rre,ssiov:

- Htadrod'a:tl't( —> H?obrod.?maumcl(
* Teduene aud cm.(’, Stro mendle. Gane ansend bav- -
FLuid = Flé’ssiat(a'{' / Gas
o Lamimare Si’ré’vmumg ((Ku'mc U«'r‘u()

Podell: Schichtew 3&54@\ cuf emander.

* Vislcositat : Bec"aa.lna 2ocschen olen Sehichten
foa'rm,q ycherb(rcfﬁ'e, cwdn (n Fluiclen

vicht écleo.l,/~ 1.B. rotierender Eclmer

l/ob(
X K| PN A VetdVe

Amtowsdn von transversalem dmpuls Pz durch

Di“u}ion wnol Stode om X- RCc\a{'umg =2 ™~ %



> V>0
111777777771

?/”Q

ax  Flache A

x v
L /[T77 777777
V=0

>3

Ava = Vialgosctat
= | R =2A Vs
E‘z] = m = Pa.s

R

- viepe Foew dler Rei(awn} / Ge,sclquc'mc{ia(xahcdo\/\e{vxacg

. A"L\V\UC\/\ Tur Sc\aeru.wg P 6=y o %;—*

Anyendbar oucch fir Gane

Di#usiovx waol dawmit v Stor ke ‘tevupem#w adob\otm»éé

Bdopide. A [w.f’as]
Wasser 4,0
20°C /l(HrwunoL 1,4
B chn 2,5x40™ *
Oxtrem
*He (&'Mk) () Su,)m.jluio(,
WJassev ] [a Bas |
0°cC 1,8
¢0°C 065
g§0°C 0,36
A00°C O&e




y Fl{f&;t’;‘(d(ew : Tt=D 9yl
¢ Gase: TT =yt ( Di(ﬂum'om ev\dsla{-)

— Rohy shrdmung

deale F la’flsip ek y=0: O ——___———-3 O

v=const, Weone imuere R&Z‘ouma odhev meit Wanel

Visk ose Fla'fssia Weit w40 : 0 % O

Pa

v# const Druclxof,i‘[}evevn%— P-P+ o0 mgh‘a

Druc.\,{l,(rg,[,{' MQ %?A}no(er . FP =Te> CR" PL\
' : d
Retlou.mﬁokmgt N -ZA d—: - -arrly _ci_\/r

Cloidhgewiont : Fp=F = —Rﬁ'rleg-L: =rr>(p-p)



(o]
= dv=—§E B'-PLYOL( 5
"4

R
S Bl
L :=> C(V' = 9“'2, L S
r
aboliocnes
14 F-Po 2 _a P
=D | V(r)= ) L (R -r ) GQSC\QU{MO(CﬁL(C(:bFVO-Fl'L

« SHrom CVol-uW\e\n pro %e,ié):

P ’P'l.
dT = aw ok ver) = 2t cor ‘:'z — (R*-¢*)

R o_p R
L= JdT = 55~ [ (@

L
L — — 4
- p}ﬁl“ _R_ R
21 ¢l %
-> I _ E P4 _ P‘L R"» 6@;@'&%’ vown
M L Haae\n — Poiseuille

* "Olawm'sches — (De,ref%—" cler S‘fn‘;mu.ma maecheawt K

Syl

TR UERR RaT 5

v Selir SharWe A!o\ao‘lm;)ié(ldl— vonn R Uow R.

Blut Uren lowcf : R 207 jfgf.@f =) o(opf)eu'er SHow



— .Q:rcgmumvsuiders{'and durchh Reé‘oum% /Vl,'slloril'c‘.ff

Gesamtlaft: Fp= (B-R)A = (R-F) ¥R

M.H”(U’C GQSCL\w(Md.[a‘(a}: V: _— = —

= FR=—X’ITVLLV A~V und vy

Selr ahunlich aber la‘fwae,re, Q&d«\nu,ug)(

Lowmimeyr e shédwte L(u.?)d :

PP R
FQ

= Flzz—éT\'VLp\,V Stolces Qeﬂou.v%

[ siele gccla{:oup{ tev Oszillator B\;( )

— M%d{dlu(ﬂloﬁmehr
5| G-miT3 Mgy
TOT F =ma=2Lp8
I \L A 3— 2 R'gFe,g
F
X Qm 3 ,72. =éTrZ R'V




Swmy = EQlpx = F-F-F-= %I'fg (-5 ) — €Ty RX

N S o S-Sre 9 92 -

D(f{eren Cia.(ﬁ(dchuw? 1, Ora(.mum.? eon X,

%o"su/njoamsah—: >.<(1") = (4'Z—¢/x) Voo

v
___________ —~ Vo = X (t=c0)
I 0,31,
%
Y

‘."‘i"':“w“
.a-)[ﬂ‘% e
1 855

|

y -
oot
-
-
&
==
=

/

a :
A XK
1 g




mt R=0mwm
g=13% 9/044.2 Cr = 1,6 g/(JM3 663 terim (86 1A )

Rl
= (Z=;E_‘/?_(f-f@)=o,3n Pas  §=02s

oleutlich Wlemer als Zﬁ‘cml—urucvf( siele Demtroder 8.5
vermuttidha olurcn Verd ennwng walk Wasser

— Bervowlly 6[&[6‘4(/&\3

(deale F&fsig L(e,ié/FZuéoL

* (hllompressibel : 22 =0 (am loesten Liir Fluissig Weit )
. rc((a(,w\%slos : y=o (am boten fér Gas )

o ﬂa{'iothve,/ {amimare ﬂré‘muw@ : V(F) % V(F¢)

2unachst cn Rohve : Ay
-
—_—
Sa
A,
X L3
. |
'_34_7 W, hy

Uralk x Wey = PAS =pV



Emerg[aerlaa(, (’umg (Z =O) :
(PA'PZ)\/s %(sz’v'lz‘)"'mgl‘nz'\'\«)
I Kow pressc belita't (22=0) : Voluwvmen V Gudert scch nicht.

= P.-P. = jf-(vz‘-vf) £ 89 (ha-\i)

Bevnowllc

=) P+x v’—+g3\n = const

Géc{c\an\é

. cLuch oe Rohre:
f\_/’ _— Tra.sd‘\' orievt
- mm L( %}
. A& Geschtsimolis ete
= Alols’

* Yontianuiat (Volwmen lonskant 22 =o)

Ayds, = Auds, /",,%t.

=) /44 v, = AL vy L(omfému,i(“cf{'sgéachumg

* Druck sensor mult p= "Statiscwer Oruck (SCLUH"—{" '4’(""'&)
t ESoeroP



- 2yt = "Staudrud” (kin. Energie )
C. hicht {sotrop

. ?3 h = - Sc\nuexedvuﬂ/( (Pof- EWCV‘jL‘L)

|

V=0, h=0 = const= p(a/-h=o) = "Gesamtlruwcl

. Waotmobamamisc\a.a Poradoxon : 1711 & pl

schnelle .W'ré'wnuw? \/evr(mger‘? Druwdc um {i Ve

(7;0'.'3 hetsltraft & Druc l»()

Gt cuuch -Fu‘,(r Gase gaao vee Schall
) q ’2"40;1"0‘,
Buopa‘e,l.: f(uﬂ' €= 4,3!13 [ ,L
v=5owm/s = ifva' = 1625 Pa_ =17 Mormaldrwel
=) Volumen cndert sich, ebenfeclls e 17,
V=3¢owm/s =) % vt = 3] Morwmaldrucle
=) Volumen andert sidh uum #57. ./

— Amuem(umaa\n der Bervowlli Geu'c\nuvuaz

'a) Schere dr i

/O

P+§Va+fsl’l=Fo
= P=’§3\"+Po ‘/\‘—’\no't

G




ii) Torricelle Flasche

P,=0, vy =2 Pt v =PatFut
t /
v

= £3€ = % vt = v, =jagt

Pa= ?ﬁt V«

l'"/) Roh\rﬂ’rgvnbmg
J

A - : 2 T Q40 (nicht Bermoulli )
~ e ) -

= ggah = 5 (4-v) = A=z (G-

Stavelrudd werlké nur n F(c‘c(ﬂnb\al'uvg . tcvel aloev
/

trotrdem vom Shatischen Druck aﬁactoae\n.
V) Drudsmessung

9 statischer Druck P (transversal)

— P
V#0 N
—(
_’K) > Z——'-'_"n Pluto) —p' = gm%\“
%
/|

—Gm



b) Gesoumn € olruck (lomﬁifu.dc'mal)

[" P
V¥#0
_— D
~__———-)-/ v ! \,\
/7& g )b Pl)p =29
1
/
Staupunlet V=0 A—Gm
c) Steouwclrucle
V¥#0
_______/— =0 ) — =< 2
- s plv=o) P(v=#o) 5 Y
—
/7& - = Sm g
.ﬂ’(u/.puvn(a& V=0

Prandtl sches Stauwvohr : Geschuindizkeifsmeuumg

v) T?a.g“&ﬁd.pro{i(,

F
| Va Pa
Vi P

W<
v
AN
)
SR

VL& > %\/42. =) P2.<P" = Auﬁ{'r[e,‘o

(wur ein Faltor)



vi) Howscloch
o F

‘,_‘/%EZ puf rieo |

//7///////// /

/

(4

7]

Vi) Ball (m Luftstrom , /@

N

V4 > Vp. => P4 < P'L /

=) Wveft Ric\zd'umg Acse

Vl'i) Kavetation
p+§v9~ =po = p<o for v>(;—l§i ./
= BlMCVl‘O‘.Lo‘-“V‘a ( P= OOLWlfFO("(AC"(, sicle ‘(apc‘t‘e( 44)

Blasew Uollabievenw =D Worrosion

( Sovo Llumimisr zens , T=40* V.’)

viii) Umshro muny einer schrasen Plaffe

— /\)
< $2

v LV

|

hy=o = Symmetriods => kecme Wralt cuf die Plotte
aber Drehhmowent : Plutle stellt sich quer



— Wovveltburen 2 Berviowllc

’./ Grene chicht
y=0 Flud glutet an der Oberlache : keeine Reibung

? 0 Fluwd (oord mit 5&{0‘&!{’ : QQ(QMMD p Grenzschicwt

Jn der Grenzsdhicht at 0% Droﬂ, d.h. auch bee
K0 Ay . )
umen y) Kann l,:{ =-y A Te §voff Seim : Bevwouwlle

mo glicheruwene uberall 5&'[#12 p a,u./} er m Grenescuckt,

‘ /'lacalnu,s Effelet L

= &

=

“

A d JIJ-' L EVE 72

Auferhalb dev Grem tschidat : Berviow i vy > 1 =D P2 < P
= Uvaf€ (Auttrich)

0. begm Fuﬂéaéé ( andrelen )



\Y

Stedm ung:

\VARV}
“+

v

\YJ

sz[mxv + Oirbel

¢ Didke der brenzcchicwt (4 bychcﬁémv:?)

L
AV 2 I

E =‘ZA-0_(—; «— 77177777777V

—> | C

0 Flache A

*
I V=0 Va(X) €inear [Aumhmf)

>3

Velx)= SV V(D) =0 %‘é -,-g

Enerac"ea.u.( uand. g&r Bac\alewwiouvlb uow o auf v (z= 0""’) :

(
vV - u
Rel=gALy = B, + Wime
z0
D > D
t 1 = | =
-t fustarose - tue 2 rors

Gyl '~ T Prouncltt ‘sdne.
oV T oV Gren gschicut

4

D=~




Beispiele : Wausser L=dem  v= 10cm (Sec | y = 0001 Pas =D D = ¢50um
G‘?“YE’” —h= —h— y =4#8 Pas = D =4Scwm

L(orr&‘a((’ur/ Lowmuimer e shrdwte L(u,o()d, :

%%
D <
& 2 Fa
( D
Stolees Oermowllc
D+0 4=o0

Bervmow ((¢ Vevsagt cnuerhalb =D

e SUalerte Modelle mc# gla’zhem -E—’b’ %ﬁ Verhel ten
Sidn a::(nmeich:
evi .
= | Re = e Qe«awoLds rah( (d,t\mam.s(owslos)

v,L= chavaldtercstische Gescb\uc'mdlako‘-e / La’fwge,

iQ nidat stationar Q’vé‘mmé , Gescws imdlis et fedol :

/—\Vmu/' /\Wit)/
fpaffcr -7

— Stromlimnien

— Gesch [ma&}ka}cn



U(F) + V(R ¢) : Stationare .Q—ngvut,wué/ Strom linie = Troje Utorce

V(7 +) - Bwef)uma»sg&dchuvxa o Beueau.wrjlu'cl«uvxé

{ir Teidchen F=wma
Mewton: sedem Teildwen wivd @ und v Tugewiesen.
hier: Sedemr Ort wird em v 2Ugeuicsen

F=ma = ¢3-Vp =pa(re)

X -Uompouente A
r’ y — totale AQM‘M}

*

Ox (F; t) = ’J: o~ farh‘e,lle A%la'/unﬁen
=9VK+9%’%+§,‘4"§1+9K’?’%
ot ¢ ot T 9y 3t T Jr ot
2\ \
" y U
—y—t L y J
Q.
Y, b

Te«'Zc\AeV\@e.rcla uimo(,dg et andert sich tues 26e0 Gridunolen
ay Felol. 7(F¢) ist exp&'zié ?U.t‘aélzé'nﬁcé.

by der Ort der Teiloien andert gich.

Ownaloa ,(af'r yu,mo(, %-l(omPome\a{'g,:
= dv _ X L 7E) T

olt ot - —
z. Q. X—L(om’ow»ew((_,: (V(%, ‘|’V7 %7' + %%—%)Vx

. o= Euler Gla'clnwz\g
(Ler Hy dvoctv mwM.[l.()




* nicht &mear =) (chu[w'é %u.wsev;, Weine fuperpon'h'omevz
[} /]

e Euler : F=ma

e Bevmoylic: ”Epo{' + Buie = coust "

e beder 2unachst nur fdr Y=o unol %=0

”') L(om)oru.c("o[(t'fa'f ?¢ *o
Uon timutats J lecchun 9 erveitern :
Feld 7 Wawn VOM'ord/m,t'efev\( 2 (. __}L//
7

HMassenerhaltung - Divergent- ém F = Massgnabunakme im ¥

o Stromdichte ‘g = EU

- -S-‘ : llom{'c’ma,d»cffsﬁ Lejc‘auyla £dr 2¢ 40

. (,(ompre,m'laiufa"f bewffcks(chﬁaevz:
l.(om+&nuc'+cf€$3£a'claun5 + Suwler wmid Zusatztevm:

L(owlpres:cbln v Dru.c(,(/ ‘V-‘p = U fE
.

>
2wedrtorm v~ 7 (T7)

<
<i
)
O

Wir blecben aber bed tnlompressiblen Flusl




v) Eruuﬁ’revu,v;% o £ y #0 ( imtorne Reibuwa )
2unachst S'fn;m.u.ma em‘}eavwd r:

,?)(

Xotdlx t Ve +dvs
V- _ ong-

Xo 1 _
Ve -dvﬂ C A =dlydz

X=X,
ol U _ Ve _
=7A o(a\’;j c,(>( = IZO(V-;IX—L o(l/-—dxo(ydi-

Ouna.loa fd'.v A-mo(eruma vonn 3 ewl'lo.mg y und =:

_ _ d* | Jd*ve  d*v
= da-gav{d; pdk .ﬁ)

di _  T*? L e 2,2 .2
-;l—\-/%=QV Ve mit 7= ot ¥ o+t ot

( ourch A= ﬁl za)a[ace Ope,ra.l'mr )
aunelog far dF, wnel &(F}, ;

dF

2—17 = IZ ﬁzv (Vomyomew(’emw&bb)



= 2usatzrterm tn Euwler Géa'claunj

¢

(m L(ompre.ff/uer aber visltoser Ffuﬂ

(7 ‘_7.)\_/,) - 07T o0 Meevier — Stolle
v 3 Prevy Géa'c’/lu,ma

S

Lot sich auf R+0 eruuten (siehe V))

DGL zwedter Oro(vuwta (fu,(er //,OYo(wuma)

hicht -lmeav : dm Auzeme&new nwwr nuweriodie lé’suwg

Qamcer.cLCmau,ms: Fluicd vuht awf Olberflacuen

.S’c'/luicw'g W vedanen => experimente(( (I?zyuoldo)

“lev&‘jwnj e Gefclaw}nc(iﬁ Weits feldy

V = VQ + V\AI

)

Quelpets! " Wirkelfelol”

|

v

|

O

A%

Beisp(z(.: Haanu,s Effelkt

VA Y
Hothewatisch : (7- )V = i‘ 6/V1 - Vx (6’(\‘7 ) &
raumliche raumliche Iiiho(ckawg
Alwdcmné vown IV]  der Ricktung vowr v

Bewsei: l(ompowem{'em vene hinsdure ben



Zivlelation - & = & V(P) d?

4\‘/ [_/ _(Vx+ ‘%’yvi'JY)d)(
T <
—V, ol
d e £
/ > dA G (Vy{-%o{x)o(/
L’\/xa(:/
>
— X
dx
. [ = . [P2% v
= dZ -—é V) dF = (57\; 5y )JW‘}’
dA
A o
o = (9x9),
wav.(oz (a‘-‘r X, Y l{ompoue,w(‘e,:
o= g: T x v lolcale Rotationsgeschoim dig Uet

Fur grofe Fladke A wmit Rand OA gibt:

- %cr&ﬁW? on Weme Fté.‘c‘aeu/ Ctrome cua 3cmuimm.w.eu
Grenten addieren sich 2 Null




&\7("‘)'0@ = ﬁ(\?){ \7’)'61/1. (Sa.l’t vow S‘l'ob(es)
9A A

— Bervouwlli ous Mavieyr - Stolees

\»Jdc,dzv\notu.na evr A'Vmcdmme.n:

Wirbelfrec

u . [ y . ¢« - = =
lamimave §+romum316ettf prazec: V)('/—O/

e Skationares Fell : % =0

. Re.c"ou,w?:fre«:: Y =0

. imllompressibe(,: =0, ¢ = const

= o(5 + 0-909) = p (17 -Fx(9:9)
= ® o

= V'(P+§v’~+ Ept ) = O

=> p+ gl/a + Epot = coust Bernowlic Gﬁachuma v

wur 7] aa\«{'&}n, Weime R(c\dunéfc:mdefw'ta



= Wirbelgree Strd mung : aws Potential 7=V ¢ Pofenﬁdi’i—rgmw\a
wut g= const = v- (gﬁ) =-¢ =0
Potential cus -V-’(§l¢) = §2’¢ =0 + Qum&(‘awafij"ﬁev‘

emfache Lé’;umgpvevga.hvem im D, le(owwrP\ne Fuunltionen

— Helmholasdhe Wivbh elsatte

y=o0, =0 , betracute 'Rot von Grad"

;)7“ 2% Iael.[cbcat, slelaves Felol

aya?: 9'&37
9% 52 4= o

029x Ix I
92 52

axar dy Ix

<l
X
<l
-
i

L]
Siche Potontial => Wraft fetol = Zirltulution HFulf =o

\VA'¢ (Naw'e," 'S“’DVQS).‘ ‘-=-—6Elo* '/20-}60’&0(‘("0
Ky BV - — _s/'_‘ =5l /
eVx (5 + (V-V)V) = Vx(?%'vl’ e V) =0
/ \® /L,Zgo (ﬁxsb\;#O)
v
a3+ Tx(30v* -VUx(Pxv)=0

=2U




. Beuegmra&ichmz fur Wirbelstovle
-(al(s Olk)=0 = S-0

= Wirbel Wouuen uunter clen gzw,uld’cm Anncliwmen wickt
ewtskeen oder verschwimeden (Evha(mv\y)oq,f%)

=) UivbbL evn‘sl-chevx (:M Ro.ﬁio\n.&v; WLH— 3vo,’]er Rubu,v\,a
Betrachte 'Div Rot V- (Vx¥)=0 fur ’erc‘a(aeS ¥
d.b. 7 (T¥V)=T-3T=0

2D Wirbel habew wunter den ﬁcwwtcl/de\n Avnahwien ('Z"' %=0)
Keone @M‘II&/ d.u. Uetm Am!omﬁ oder Ewvide (mr Fluid .
Wirbel simol geacklossen odev enolem awf Oberflache

-3
e P N
"

— U(vbelcv%maumj
‘J Newbou 'sdre Qalouwg / Cvw - Uert
v =0

$+r$‘mum5 Sy wwehrisda : Druck cn  Stawpunleten $4 und S,
(dentirch =) UWeome Wvalt ol Ué‘vr)er,




¢to
1 4

—G4

Fluicl Komm#t duerch Reibung bereits on & tur Ruhe
=) Mra‘{-[utcglulkﬁeuic\a* geordre, l?d‘chsh'é‘muw:)l Wirbel

= Turbulen z

Strém um?)ouidevsl-o.wd, :

) Be,vvuou.“i/ h=0 =) Wem Viderstawnel
Keime qute l\/a:'(ner(.cm? (m
Ober(techenuabe (Prandte)

Q) Lomimarer Eeu,ﬂ/ Y to =) $olees deumg
Hageu - Poiseullle

fo=-6@)Ty RL)V

¢y turbulenter Flud y+ 0 + Uirbel : \
,/ Quersdewilts j—(o ke

p)-pls) v £ 7*A

A\
-
]
N
€
*Iw
<
XY
>

Newton ‘sche  ResG umg

e Cw = Llide,vsl-amdnbe(\,ler('/ (owma,(ql;w‘{maia

o Staudruclk aber wccwt Bevviowll LUuvde Yeww trb



Beispiele

v

v

vV

v

03...0%

C- | -
O
C

D) 14

?i) Justedailita€ ( Tuvrbulenzents Jre\numg

VvV

5 Loe mimare
> S’h’é‘vm.una
+ Stcgru.wa
= BoV, D p<paD F
— T

= S{-c‘:‘mmg verskarkt sich sellst =) Sehwimgung
ohue Ddmpfung : Justabilitat
* Verstdritung cluvde Masien tedgueit : o7 C
. Oc‘c‘mﬁ-w\j urch Recbuny : >

= grwartew Justaboillikat (Turbuwleur) cb emem gevisen
\ULY(: ,C(:V .'9—%7—‘: = ,2&

Ew.p(ris"ch: Qo\nv:l'rSVM.UV\a ab Re =4000...2000 €urbulent
wut L= Rohvdurcaweesser



Tusammnegin [wsuwg erbuué:

Hagew—()oi sreuie,/fl'olles Meu bow Reilouug
Lomima; (e & 4000.-.. 2000 €urbulent | (o 2 1000.... 2000
— gt(m(.(evu.mﬂ&ﬁ%&f%'

clavaltberintische. Gro Pen : V, L unel g

delimicre. imensionstose Gro flen
L

€=tT wit T=5 , V=0 7-L: i =17
ks rl* 7. mil J o il
- '-——— — — - = e— - . - —
P=pP = T&] slm) w,.s" - = j 4737

Navier - Sfoltes cn cliesen Ecvheiten:

(52 (5L (09) V)= ehd-1 L3 Tpre £ £ 47

—9—-\—/'I __,’ .A' l TQ _S'L_’I
D¢’ + ) 8 V’D' + _‘f;-L-.‘i' V
~_ Lk _1
PUL  Re

skelierte faf/zme, verden durch (dewnticche GZe,q:c\nwaj
becchrielen Lalls st cle gluche Qcawotdswkﬂwuubeh.

= Syn‘eme, wub 3(.u’c\aer Qea nolel szl verhealten scch ahunlich .

E xp ercmevtel vt Modellew

Schlupbemev(luug: Auc Mavier - Stolees viele qualitative
Aussagen ohue eime emezige Lowuug



1. Gase

- {etet Statie { Da nauwcik berady (m Hy e ro cka viawu o

‘ figenscha{&m cuLs VM[UfOS(loIO(oc\aem Hodea=
Tec(chen , Wleines El'ge,vz voluwen, Broowngscue Beuec‘) wng

j .I/\:Iza v Warwme : 7 Keom aeordudu Felel_
s 7 soudern stodhastische Fuulction !

A/
—~ /)

. Bcueawna der Teil(chen «t Warwme tnd Wauun dalher yickt
cn Warwme clissipiert werdev !

- Hékrosl(o,oirc\ae, Buo\nru’lauv»g des Drucls

7NmpuLo(1‘aev‘cva9 : AP,( =aAm Vy m = Tei (e wmesse.

N Teitchew (ue Volumen V:
v .
W= 7 (eildendicute
e=vwm Magseundichte

Teilcken steowm :
T=nv (statt =07 Masien shrow)

Cw-( Uolben : A = g'_‘ﬂ Ve A
[.ma,w Teilcken mdt Vi <0



Uraft = JmpuLSo‘c'mdevuhg pro Zet
= Uvedt auf Wollen : F=§AApr = Arnm v

-

tleclae\n pro 2ot
mittlever Druck: P=£—=mm-} *)
—_i' —

Ve = 2 U)esz{'lbe\a Vev{‘c(eumg vown \/,(2

bao, Euinx = g—" v (Uinebische Euevgie tvi x- Ric\v\’ruma)

— (tatic€cd von Eyi,y bzo V*

Wanwrschenlich et b ednew %u.éa“ ((c’a he vouus ﬁesrff-{-cvum

Teildnen die Emcrgc‘e_ E 2 waessen : P(e) =12

Betrante electisdren Q‘oﬂ von Tedlchen wmit E, uwel Ea:

=> E,+E, =E'+E, @

t\/mr tvm.da demr Sko3

Wahrsdheinlidnllect L cliesen SFoﬂ ~n P(EJPCEJ
GCCL.C‘ﬂgewc‘\"t: Rucle Cavtcprogess Gleich Galrschedw Lech:
=) PEJP(E,) = pCENp(E,) ®

—coust+ E

@r(® = ple)~e



- [const] = Emerscb

. he,aa.%évcs Vorreiche n ueﬁev\ ”ovmiurloa,vue,((r

. 1
De‘([mcl-lfom : Const = T

_g/r | Boltewamn Verteilung
PE)~ e

P (E) = WahescheimlicnUeitsolichte

o Disher: gesawnfc Hechanile aus F=wma + Kraftfeloler

¢ Jﬁf%t’ e newws oy tept: Tewl{)eral-ur (Uo’frtML)

P(E)dE = WelvsdhelnlicdhUect Emcraie, im Juterval(
E... E+dlE 2w wessen.

T= Tcmyem}u\r/ [T] = t(e.lw'm/ T=0k = —27'3‘ A5 ¢°

* k= Boltzmann Uonstante = 1,390¢ x w0 *? J/l'f

HCV&(."(A.V) 9 n der TMNWLO 01.2 VIO-VVLI‘L( (T‘f)

Universe (L ?ur‘fg tcm thermischen Gﬁuc\ngeufc\nt.

Ac\n%u\na: p(E) erst nacw I\/ovvu(cruwls veruewno oor

¢ -E/uT B/t
z 0. S =



v 96Wlf telte Uinetische E\nev%(:c, e,\nﬂavxa& X:

ps
mvy

—
-

P{Vx)"’e QAUT

+®  payt
N, : i AUT o = M
orwuer(,w\z. e Vi "M
—o00

2
mvy

_ W™ T auT
=2 Px) = 1zqur €

+00 YVIVQ
— v kT
= > = | M 2 - 2=
DV = f,zm fvx e M dv, = m
—0o

n @: P=InWl -\/—.3' =nKT = %Kr (Drucl&)

= | pV=NUT b p=nuT A//jwu‘me (oasgfeiclnuw;
(@ r ccleales 6&5)

* Redulttion der Medranik vown sz A0*’ Massen punléten
anf nur 3 maltroskopisdr wmessbare Grofien : PV uned T~

* Experimentelle LZber}onf{-umg War u(cln{'iae Stutre clev
Atom teore ( 9 &Lc‘n)

. (;&L{-[? Lir alle Teilchen dne Edgenvolumen unel Ue.c\/ueLuikL(uué
o fler Sl—é‘,’h,. Worrelttur : Vaun - der -\Joals Glu'clnu,\ng.



B(JJP(},L : He bei Uorma.(bca([maumg (7; 73,45 4(/ p =013 h Pq.)
R=4,2x40 " N = 7%’ = 275402573

mitilerer Abstand cler Alowme W = 33 %40 » R
D Prasision = Y303
* Molvoluwen : M=MN, = 6,022 K'(D&:s At/oja.dro -2Zdal

= V=MUT/p =224 Liter (pro mol)
(bei Novvmal‘oedimgumg)

— memdw:mo(emm%ew :

(m Mlﬁcww,imem Wowmpliziert Lallc sich alle 3 6r$'/9ev>
pV und T dndevn. Vemjv\}achumg : eume Gré'ﬂe, Leonstaut.

D Jsoth erme Zugl'amolca‘fmo(eruwg / T=const

i Warten bis Amfo.mﬁo'\-cw—
—> |zt

Pe\rOJ'u.V Llecker erreicnt ist.

=> P\/= cownst Boi’le - Hariotte (4662)

Const __ AV
v 8V ET v

[

1
v=-1
. P

<

Ap_ 2
P P2

| -t A
Uo mpresscbilitat - 2=-3



fD Jso bere zuﬂ'a\ndro‘{mde\mw? / Pacowsb

TILLL L
e %y . c @ * e

(<

—>

= const

LI L LLL

0 =

Uolben bewegen bis Anfangs-
dvux.l,( wieder lnerc‘)edc((,{- (st

éo.a - LUJIGC_

”9 Jsochove 2u§4—av\olra‘£mo(eruw9 / V=const

UL LLLL

=D

—

= cownst

Ll L LL L

+

L(OUOGM —Gest

Aw.om'('OV\S

;'9 Adicloatische 2ustendcan o(enung ) Uo‘u‘mmmug (o = const

LIl LLL

—

TILLL L
e e, @ .

+

hicdht Wavten bis Amfamﬁs—

tempevatur erreidat ist.



Eritt haufi auf , p\V wnd T anolern sich.

ohue Bewels - PV 2 = (ownst

2 = Adiabaten expovent = —2—5 = %_2._

Cp,Cv = Wdruee (laya.?:(l-ofl'm
f = Auzall der Frechutrgrade
(Ny: f=5 = £=4%)

"Sa'ffi(jamgsdaw\p{—drucb{
4 R
Z ...... | —-—Alz\ O((ewej U- Ror Manowmeter
/] Pa-p = §g Ah
MS
] L
? ’ Al ﬁesc\a(,os.cc\aw U- Ror Manowmeter
/. pa-p = § g 4

Wie 3r0|7 lomn Aw werden 1

t.B. pyxo P2 = 4043L|Pa' f=4000(/3/m3 ( Uassev )

=) Ah=1403wm



Quedcsilber : © =135 %¢ Uy /m? = By =F0umum
Pra%l—(b(ab(cr s A Ha =ATorr = 433 Pa

Was Passier{‘ cm ?escLLossun Enole 1

P Atowe wult jropzr Emcrjfe, rm
F‘la"s;/5 Uet verlogen: B = Damp folrucle

. Emev;c'c um Tuldrew am Oloev(,u'fchc (N lor[/njev\ : b= %
. Enerat‘e, um Teildren aws Oberflacke tu (Ssev @ Q
/Dampﬁ
. “D -Q/KT . . dy -
Boltzmann: Py e (Ueine Novwevwaé vw(:ta)
\ FZIZSSfaU&""
und Pp=np KT
QT
= | Po=VgC K DamF,Fo(vu,cL{ Kurve
AR -
® Lneay : e“Q/w UT = (1- -(%. +... ) T
UT»HQ
. Ton Ut

* Q aus gewussenen Do pfolvudk



— Sdhoveredeudd on Gasen

i) wee (m Fld’friﬁ l(u'{-/ aber nm :f:f(‘a)

g
El, Tesoesofcg
prap R/
Qe{evem—\aé‘ he Wi=o0
_ P
G(P’;"f(lﬂ)ﬁouﬂ .—-—-I;;fog OUA

wut Po = Vo UT = =22 T (dentisch wut

« R _ 4043 hPa _
Erc(ad—mosplnarc : Pog = 419-“5/|M3 3 81w/t = 8§ Um

e =31 oles Luftdvucks auf Hount Lverest.



«—irgo'ivnu.wﬁev\ ) Ausblicdk
Quown Eenn edavu :
* Svevgie quantiserE E— Br r=4q2,..

e Teilchen ununtersdheiolbar

- 2 7}//)8\0 von Telldmewn

1 ) . :
Bosoven : w0, = e"(E"’/"V“T-., Rose - E imsteim Vevtu(u.mg

1
e+(E.. -p) luT "y

Férm(ov\evn: n, = Fermi- Du’ra.(, Vertc,((u.mg

n, = mittlere Anrall cdev Teilcdhen mit Emcygf(, E,

‘ !
fe = chemisches otential y wber gnr =N

Wassisches Limit : n, << 1 |, keine Evnfuvfumg

_y My Bolérmann wie isher
B J
1 1 hr -E/uT  _E fuT
~ - /4/ e 4 ~e v

=> _ T '~y ~ =
e-f(E.- p) 44 e-f(E.- ) uT

_ Ewlrorc‘c / 8£Lt Ric\q{'uv\ﬁ vor (P \/,T )
l

Anzah ( cler Miltrozustanole pro Haliyrozusteanedl = 2
Entropie : S =« én (Jl)

l ]

/]
Entropie nimmt 2w

= "der uvahvscheamlichsbe Maltro swstancl €rctt ein



13 Nihtlimeare Da mawult und Chaos

—Wicht bimeare Differential §Lu'ckuu9m ( D(',L)
- enthalten Terwee wie y'z , )’7” : \/2 ete
+ Selten analytiods (osbar

e Weime fu’ur,ﬂosiﬁ'om voun Lo"rauﬁen

Bu'qpiele: Mavier - Stolles, entualt ('—7,"7)6 ol b )’Iy

/

Peviclel ?0”-# U}Simcf =0 y eer/lc:H' y3/ L/g_,,_
[:50- -;43+f-r

K]

— Phasenraum = Memve, aller Mé'?uc(«em Zuskdnole
Dimeusion = Auzakl cler de‘l\t.(l'33va.cl.p_ =£

Beijpiele:
1) Lreien Teildren [ Hasseu punldt

NP Tra J'c(({:o rce (detervacw (.'.rt‘t'.rc\«)

—~
L4

oder Phaseuvanum telle : dx [

X - -
Weassisch : Ap bx = coust (L:ou.w(((,)

N

Quomten : Apdx 2h



i) Havwonischer Osiillator

,rf’ P

N\ (eeversibel
4@% X LJ/ 2%

Ung u(o‘impﬁ- 3&06&0»1 pEt

>

* Im VoLLsPc‘imo(irac\n { -cliomensionalen Phasen vauewn st meiolen
Sic elie TrajeUtorien uieht. (emoleutige Losung dev D6L)

= Trajeetorien im f=4 entueder awl Fixpunlet (owch o0)
odevr 6(&%%—7 llus .

= fur £22 GVCV\’EQ—? LPus oune Fixpunle€ acler Perviode /mé'g Cich.

Bday('d,: N 32(.{0}0,95[({, ( N>a Vl(c\'\“‘ P(.rCOCb:Sc\'\

Do Ffetpe,\ac(e,l, £=Y4

Iy ezl uugene St c\r\udmﬁu.wg

P
C'T\ Tura.s'dd'o e USuunen sich

/74?,% Uren ten Letd 2uur é&dolz.ua (x, P)

f( 5 Phase p der treibenden Uraft eime
K) o evdere sein Wanu: voll sl—oi'mdtg er

Puasenrauwwa ist 7 diweu sioual,

(%P, Y’)

[

i/



iv) widitlineaver Osgillator a
ve 2 .
Cf + Wp Stmp =0

N 3

N NN

l 1
v \

2T

— Nuwer(sche Lé’rumg von D6l wn

Dig L(mh’sicruvxg :
_ Y -y %) V() - Y(X.4)
YI_' e (au.ck ax etc. )
YO6)-y(%)  Y(4)-Y(%)
0 i Ax - Ay
v'=(y)'-

AX

Y(x;) -2 Y(X:) +Y(x,)

= Axg. e+C.

BLUFQL : )/”-(» (.)f,"y =0

5 y{xz) -2 Y(X4) 'f'Y[Xo) + w} y(ko) -0
AOx*




Jtevation: Yuez = 2Yurg = Ya - wd ax? Yo wait Yy, = Y 0)

&Am{—amg:bedimamaw Yo und Yy :

i /R
Wwest y, wnd INY; L ')
/’ / (Sll. ¢ Uepler. )
Ort 6erc|4co£md.i5lzu'{'

A”gew.e[mz : D6L - ter Orotvw.mg :

= L
YVHk ‘( (YV“‘U-'I ( Ylmru—l Yh ) ybH-u-q /\/M+K—4 YI«-H(-:; )

A
<%. 0., alles cufler Yy,

Dies ist iz Bacsis fuvr alle nuweriscken 744!’&7 veckiousverfakven

t 0. Runge - Uutfa,
- D6L 1 Ow(vww\a‘ Limear
Yuea = £lyn)  Grafishe Lé'.cu.mg (ch\nu,Ls+ DU vxamiu)

£ £=y
fy) /('(y) IF: 1

Yo th Y



—~
~
<
—
7

If '(y) ]FP> 1

\

/5

Zl.ugqv A, OlfdM(LV\,g F,')(Puu“}—
o < falls >0

C'UAOLL(a +isch : y’ LY + P =0 =) y[k) - 6—o¢>( B

& o

- . YMM "YM
diskvet: A tAYa 40 =y =(1-kax)y, - Ax

—

P " = p(YM)
flp= 1-dax (B stlar klein )
x>0 . cetralc tiv ' <
2 < 0 Fixpuulct repulsiv /((Y)IF; 1

- D6L 1. Oro(vww\a' nidFlimear (#-8. Eulev Kreisel GLu‘c\«umaem)

£ £=y
| £'6)l., <1

1 attelttiver FI.YP(.LM W+
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