C L{\FUO(JQMV“@,

- CMV‘UO\J(U\% @V\COJQS LL\Q PL\ SI'CC\K J@ £00C regaﬂbw\
og ?Nmﬂa v G L 7 i} C{E 7%



C L{\FUO(JQMV“@,

- CMY‘UO\J(U\% @V\COJQS LL\Q Pt\ygicqﬁ J@?r@eg c{ﬁ %re@aﬂbw\
og ?Nmﬂa v G L
. AW U/Hi\f{v\séc, “J_G,Ow&f(vt'c PVOPQH(&L Ojf %L@ ’IMO\VI;(‘O{&

———

VI O @Meécjéplma ;\/)WKT_M/A —



C L{\FUO(JQMV“@,

- CMY‘UO\J(U\% @V\COJQS LL\Q Pt\ygicqﬁ J@?r@eg c{ﬁ %re@aﬂbw\
og ?Nmﬂa v G L
. AW U/Hi\f{v\séc, “J_G,Ow&f(vt'c PVOPQH(&L Ojf %L@ ’IMO\VI;(‘O{&

———

VI © @Meécjéplma ;\/)WKT_M/A —

® QU\P’UajCUM/ \(eﬁaf(c’/i éO PVOPéréf@g J:( POM&\[[QZ ffvamgforj(

Cc;l/\oice o() C((:(M& COMMQC(TI'OV\ = Qum/qéwa



C L{\FUO(JQUI\N,

- CMY‘UO\J(U\M, @V\C.OJQS LL\Q Pb\ygl'cqﬁ J@jr@eg O’TF %r@@aﬂ@w\
og 7“11/1}(3 v G L
. AW U/Hi\fiv\séc, lg_eow&f(vt'c PVOPij(éL Ojf %L@ 4/40\\/);(‘0%1

———

VI © G/MEZJJIV]?’ ;\/)Wﬁvéd —

® QU\P’UaJCuré \(eﬁaf(ei éO PVOPéréf@g J:( POM&\Z[QZ J(Vamgfo\rj(

Cc;l/\oice o() C((:](M& COMMQC{/[O\/\ = CUuryalure
o (C\/\Dica o() WZWL\HC —> Lé\fl 'C{ui{q Couec /M — CurUOH[ZM&

but cucuatuie can be O@éﬁ{wéi w/o w@jﬂfc/efj, ;[Qu% tleoyiec



P

o _r:V\ TF@O(JC Space |, Pava Mﬁé gt@ooeeﬂcx) Ye e v Pa»fq//eé




/

W géajt SPQC,Q, pam[&@ ?@O(Jﬁw) Ve me v pam//eﬁ

Cuv‘yaéu\f& l’)as U/ICJ, e%/édc Cl( IMG(JLMOO[ UH(’[C(@(?U/L PQWQ{[@@
g@ocpéilm to J@UM(’G,

(Y\K,KO( é,ug/ QCC@@Zf&(%lO\/)) o (CMPUQéUW,)



— » »
Fd M \
h}h - d) L )
IR A
~
4 e

de‘riél‘l q“'a‘l NcurVthU/L,

Fﬁa\“’ Sch& ?afqleQ —Tfoxnworj(

Vladimir [. Arnold, Mathematical Methods of Classical Mechanics (New York: Springer, 198q), 302, Fig. 231.

Wikipedia

&)he, W b, \MC,H{( Jx'w—al;"" on F(“"L
\X\ F‘\C{“‘ g)?aCQ ‘: /PO\fQUQ@ /l(a\n(po{-‘ J{ V@g{l\)\/‘ 0\(0\49 C@KJ curve @w\}&( \/Q(/J(‘)\ﬂ iﬂdd‘fjav\l oll E

X Cur\/ec( g@q%t J Y / /) V"” \/+gv q*} _E

g\/ ol Cc,uqujcw@)



~V

h}h - d) L)
B .
> (el

de!iél‘l q“'a‘l NcurVthU/L,

Fﬁa\“’ Sch& ?afqleQ —TWOMQQorJV

Vladimir [. Arnold, Mathematical Methods of Classical Mechanics (New York: Springer, 198q), 302, Fig. 231.

Wikipedia

&)he, W b, \MC,H{( g\foJ;’"' on F(“"L
\X\ F‘\Q“‘ g)?aCQ, ‘: /PO\fQUQ@ /I.(a\/‘(pof"l’ J{ V@g’l\)\/‘ O\(O\Aa C@KJ curve @w\}&( \/Q(/J(‘)\/\ iﬂdd‘\/)av\l all E

X Cur\/ec( g@q%t J Y / /) V"” \/+gv q*‘ _E

g\/ ol CCMV\UQJCMW,)

o M aSUres J@Ul’a jft/OV\ VoM ][éctél’\ﬁgf



WV

0(81(3{.‘[ o“"a‘l o Curvalt e

Fﬁa\“’ Sch& pafq![&( -TfoxaqeoPWL

Vladimir L. Arnold, Mathematical Methods of Classical Mechanics (New York: Springer, 1989), 302, Fig. 231.

Wikipedia

G)h& w"'lL \MC“"L dx'“fa‘a,” o F(amc_
* Flat gpacaf ?OW“UQQ /l(“‘”f’of% a:( ve Aor aéa"‘é clogek  curve @w@ Ve vaviand  at P

X CLAY\IZA g@qq’i 'l ) ) /) \/“’7 \/+gv 0("_9

g\/ o (Cuqujcwé)
. Measurecs va{q j(fom q(fow« )[go(%//\QSS

S l,‘/’_L‘/[V\(;C Vo ZO\/\ ) ?Q—OMQJ(V'/C P\f@‘,‘)@f‘éy\



~V

h}h - d) L)
B .
> (el

de#éi‘l q“'a‘l NcurVthU/L,

Fﬁa\“’ Sch& ?aquqQ —Tv"oxngyorj(

Vladimir [. Arnold, Mathematical Methods of Classical Mechanics (New York: Springer, 198q), 302, Fig. 231.

Wikipedia

&)he, W b, \MC,H{( Jx'w—al(;"" on F(“"L
\X\ F\C{“‘ g)?aCQ ‘: /PO\fQUQ@ /l(a\/\(po{-L J{ Vég{l\)\/‘ 0\(0\43 C@KJ curve @@J&( \/Q(/L)\ﬂ ivldd‘fjav\l oll B

X Cur\/ec( g@q%t J Y / /) V"” \/+gv q*‘ _E

g\/ ol Ccuqujcw@)

Lﬁ7 ggo%zggé)é;owwéshvmk to 9&



® Sl’NM\L jco Lw(iv)lljcéswaﬂ (U UV

_\c(osea( curde J@f(naﬂ
by e W', ¢ UF

)




® SI’NM\L éo Lw(iv)ijcés'waﬂ (U UV

closed curve GPQW[LM(J o
v oyt
(3104 e Wr e Ur Vi N

_ Pawazge/@ Jt\fcmgpofé P 17 - P
VS VLR VL G SV
V=0 V' s SVF- R VT



® SI’NM\L éo Lw(iv)ijcés'waﬂ (U UV

closed curve GPQW[LM(J o
v oyt
(3104 e Wr e Ur Vi N

pavallel transport P> P 73
VEs LV VE L SV
V- v sVPL RIS
“olepends ou W', U™ Linearly
Vi = Rf. ., VT WU



® SI’NM\L éo Lw(iv)ijcés'waﬂ (U UV

\/\/Pé UP yrever ses O?(/Y“CQJH/OVL bﬂ =\

—

Wojciavx ow Curie o oV > _§V AV N Ty

> Rﬁ)&yv:—f\lfoﬂ/fa -

- depends ouw W', U" [iwww(%
oVf = R, VT W



® SI’NM\L éo Lw(imjcés'imaﬂ (U UV

, ) e U ,
— \/‘/ <> U yrever ses (DM{CQJ( [()VL 67( <\ i
/\/\/IOJC&DVL ow Curve o g\/ - —g \/ Gyt w,
P f’ \ vh
e R cpv T T R sV [ TV i
: ewt

B Dw V' s weasures g \/ Al :
, i 01[7 along W velative +o
LJU Pafo\wéz é\fcu/\Sp@}nJc UCL



® SI’NM\L éo L\/)([V)chés'waﬂ (U UV

b L e U F
— \/‘/ <> U yrever ses (DM{CQJ( [/()VL 67( <\ i
/\/\/IOJC&DVL ow Curve o g\/ - —g \/ Gyt w,
P f’ \ vh
e R cpv T T R sV [ TV i
£ ew*

B Dw V' s weasures g \/ Al :
, i 01[7 along W velative +o
LJU Pafo\wéz é\fcu/\Sp@}nJc UCL

vv \/(D 1 C'ACM&M, 07/ Ve agamg Py



® SI’NM\L éo L\/)([V)chésmaﬂ (U UV

\/‘/Pé> UP , o
_ yrevery Ses Oe(fCQJ( (ON oﬂ <\V &
Wojcwvx ow curte ® o6V > _§V GVE oyt
YR r’ "
= R cpv T R c'\/f»* el \TV
P b
€W

o D\N \/ o MeSUr lﬂ
weasures change of V' alowg W relabive o
LJU Pafo\wzz é\/a\/\f;@)njc UCL N U JC

[
v\, \/(0 : C|/\C(\/)6/€, 07/ \/(O Otgamgl Qv
V}A \7v \/ . lelamgﬁ agom% DV )j(Ll@V\ C(ZOMOCL )f‘



® SI’NM\L éo L\/)([V)chésmaﬂ (U UV

(VFVV —v\/ vy) W <\
Cﬁ\amge_ q@owg QOOF Br,av GVE \

o D\N \/ o MeSUr lA
| Uyrel C CM&@ O \/ C\éam \/\/ ﬁath e_ >,
LJ(S Pofo\wéz é»fc:\/\f;@wJC UCL - U JC

[
v\, \/(0 : C|/\C(\/)6/€, 07/ \/(O Otgamgl Qv
V}A \7v \/ . lelamgﬁ agom% DV )j(Ll@V\ C(ZOMOCL )f‘



. Forwal Dgglv][%[om
\—\/P)VV] \/(3 - R()va \//\ (jCOMS/’bvs {f&e,B
i‘vr/‘vvl‘—'— V}nvv "Vv vr




. Forwal Degln[%[ow
(VG Vol Vi R V!

AV Y]

Cow\ao V\M Xfwx nd :/cag

Car@jpu(‘s Pﬂc&camm% qu CV!LMC@( \/\Qcml(}
author J@PemJ@ch ‘



. F—O\PMAO(@ Deglw[%[ow
(Y Vol VP = Ry V7
§ (VW -V
Ve, Vo1 V- (VW -V )V s Vou v - VLV




. F—owwa@ Deglv][%[o‘&

A
LG Vol V- RV
C 9, V.1 Vs (V7 -9,V

VVV\/ \/(J = Dk (v\/\/” - rjw v-ﬂ \/,0 B l_—(oki] v\/ \/;)

V.V VO - VY VLV

I (

I\

| .
o (1, 1) A (0 dex 1" (udex

ten cor



. Forwal De§zwi%zm
(Y Vol VP = Ry V7
LV, Vo1 V= (VW -VV )V - Vg vl - T
V.V Vs 9 (W) - T Ve F TV
B I e WAV e VAR VEN
L u Ve e, V]
Ll v, Vel







. F—owwa@ /DﬁszV][JC[OW
LV, Vol V- Rl V7

M SV

WUV = 2V Tl VA g v
AW T V’ﬂ%r\/“
~ r‘ov] 3 \/A—'* rfv’) b \/‘r

vt*vv \/ { 9 PNy VA 9 F(OX) VA F("yg Q/A\/Q
_ f_jw D) \//0 r_),w r()ﬂo— \/ }
P AV 4 P e VT





















f

°va/-\7v‘1 \/f: Rf)o'pv\/
L’b {OTS\’OV) q(fée =) CQ@F@VW(S Ov \/)()ujr Moé OV 9\/



y

v, vy WLV

_obviow Ahad Rfe v == RO, e LV, R)-[00)--00)



° L
V‘/ \/\/ 1
_ Ol7 \/i
U{O - RF
L MV \/
(0 4)
o }A\/ =
v S‘
e
[ '—a/ \/‘}-
>
v
) /,]:-[
L 2 ARRMAEEAN

o CK
7r6§§
! sv K
3 : B f_
-V :
' - vr ‘_
\/ag/{
C A
o fw oy 4
| iy
(f‘— C(O ][\lec, V;
2 C )

po



. /A\C,l:"ovl O(j [V,A,VJ oV ov\e oY m( '’

TL\& cov)émcb’om wk\/,, < a {uwcjﬂom , Wt'ﬂereﬁorc
L VI”)VV}(UJA\/” = &vav "v"vkj wg\/A = O

j

ﬂ)@m {we& Com ofiéfoh{




. /A\C,l:"ovl O(j [VV,VJ oV ov\e oY m( '’

T he conbractioo w, V™ i« & {MMQHOV], 7LL\€W6£OTC
‘: W('»*)-v\/} (U.]A\/A> = O ( liorsl\ova Qfeq ww(&(Lfow)

p—

V'.,«-VV ((.A];) \/A): T/-}AL<V\/W;\) \/:] + W;\ <VV \/A)T




. /A\C,lil'ovl O(j [VV,VV1 oV ov\e oOvwm(’

Tl’\ﬂ COV)UO\(,]C{DVJ (A]k\/k < a W\C_JWDV) , H\ereﬁorc
L vr)VV}(UJA\/A) = O

p—

VPVV (W}l \/ABI T/-}AL<V\/L«J3) \/:] + Wy <v\/ \/A)l
(Vo wn) Ve (o) (9,09) + (V) ) (9, V) 0y UV




. /A\C,lil'ovl O(j [VV,VV1 oV ov\e oOvwm ('’

Tl’\ﬂ COV)UO\(,]C{DVJ (A]k\/k < a W\C_JWDV) , H\ereﬁorc
L vr)VV}(UJA\/A) = O

p—

VPVV (W}l \/ABI T/-}AL<V\/L«J3) \/:] + Wy <v\/ \/A)l
(Vo wn) Ve (o) (9,09) + (V) ) (9, V) 0y UV

‘A<-—>V
VT Canv) = (VT 0 V2 (T s) (T 0] (T wn)(9 V)GV



cAckion of [V, V] e one formc:
Tlﬂé COV)jNa(,jcliom W}A\/F f< 8} 1€MV\cJﬁom , “ercgorc
‘: V',)vv}(uh\/g) —= O

—

Vi Vo (wi V) - Vi (Vowy) Ve wa (W \/A
<V Vo ) Vs (V w)%v JA) + %//V V) +%VU /
t/\<——>\/
Vv Vr ( WJ\/A>: (Vvvr, Wq)\/’) *(Wp UMVV \/Q) *(vv WJ/)'K]% \/4)7‘“/)\7:/%\/)

STV wn V)= ([vr,vv]wg) Vs (09,7 1v7)

w & L,UO\VI‘l ‘H""l e LHW 4),,“4,_,




Ackion of [V, W1 on o foruc

> O :<Evr/vvjw/‘4)\/ﬂ T Wi Rﬂﬁ'wv v

N O TPV G - OV VLSRN (1 AV2)

M — N
w e waoud fh, lve an/ N S




—7I AV (AYA ) (m) \/;] + (/U;)([V),,Vv]\/))

w € Wa‘l ‘/'l"l

Loe Lvu)v/ 4 L‘“‘" -



Ackion of [V, W1 on o foruc

> 0 =LV, VIV + w. R,V

N O TPV G - OV VLSRN (1 AV2)

—_— i
we Luand fhi e lapw 4had -




N O TPV G - OV VLSRN (1 AV2)

we Loand fhi e g jl\L;—},_.




Ackion of [V, W1 on o foruc

> O :<£vr,v\/jw}4)\/ﬂ T We /Ro"/\y«v \/

= {EV’,)V\/]W'A ¥ /RG{:\%V (A]o-% \/;\

> [VMVJ (Wa = - 125:1 W W

N O TPV G - OV VLSRN (1 AV2)

w e L,ua'i WLL'l e an/ 4La—l,_.




. /A\C,l:"ovl O(j [VV,VJ oV ov\e oY m(

> O ‘:([V,ﬂ,VJwA)\/ﬂ T We /\Zya,w V

= {[‘V}»)VV]WA ¥ /R(Y;\%V Wa-‘i \/;\






S
d M
M
g\ ﬂ‘k\fl
1.

LR
G MV
Rt
&V M
















Riowm = O

10 3 I Cnel
(Vg=0 + kot fuee) |
Roopy =g R’

R = - R

Rpepr s Roee

] RPBYM Y= Qﬂf’@w] Y



P _
/Q Ls ) = O S 12{05/.,\, + /vama + /szkvo- - O
5 g/ (“’LI-J) LW(/‘&PWJ@WL
e C.OW\'?OVI&/;“g
°/R/O(>'T«\/ p /Rc’{o'u\/ © Rp@’ﬁ@ =¢ = QE(OG’/M\/] - O
° (RFG'I\A\/ - R)u\/(%’









Sﬂ lMW\fiJLY/\&& CO\ASJ(MM\L( wgw/) aP

V\éial/‘ Eof»wa POJMJ(S!

S O dedent |+ 2% Blanchi Tdedidy )
AL Cowm ,70\/1@«445 VUQM URY -0 <
VAKIZ‘OG’V‘ + vc’Qﬂ(ar\v + VF P\o’/'ly\\/ :O
°/R/°°'W - /R‘Y{OW 7 RP[O'W] ¢ = QE(OG'/M] o




’K,V\O\Q,PG\/\JK\/I'L COVIJM/U\(/JVIID\M (assuvw C]/\Y‘,\S#Of(eﬁ Cawwe()(l,ov\g)
~Pl£ct jt{\/\SO\I‘I /le - quﬂv > /R}A\/:Qv’»




’K,V\U\Q,PG\/\JK\/I'L COVIJH/U\(/JVIID\M (assuvw C]/\Y"\sgof(eﬁ cawwa(}l’ov@
~(E;Cct jLf‘/\SO\r‘I /le - quﬂv > /R}A\/:’/‘Qv’n
\/Q;Cc[ SCﬁ\ﬁd\fl R = Rr )-4 = 3VV R.\AV




ivm\apev\d‘m{ covtvaction (assuwc O/w\]g@of(eﬁ cawwech{omg)
it Aensor: @,w - R Ay > K= Qv,,
Ricet Sealae: R = Rr PR 3W Riw

, V\/evﬁ benor Riewany witl all conkvactio veuwoved




’K,V\U\@PG\/\J&/IJ’ C,OVIJHfU\(,’hD\M (O\SS\N«C C]/\Y‘/\skof(a( c&mwe()ﬂ/wg)
~Q;Qt jLf‘/\SO\f‘I /le - RQ}AQV > /R}A\/:/‘Qv’n
\/Q;Cc[ SCﬁ\ﬁd\fl R = Rr )-4 = 3VV /R‘u\v

_ \/\/evz 46\/\&0{7 /R'\ewamw WﬁlL Q@ CUVILMQJU/W{ \fevwovéi

PO’)“‘\/ - D(OG';MV~ — (3(0['\4 \Ij{(f' o gc_[},‘ Rv]{a) ,V\>Z

Z
i (v-1) (v-1) g(”[}‘ jv}"' R



’EVW\G,PG\/\J(M'L C,OVIJV\fU\(,’hD\M (O\SS\N«C C]/\Y‘,\S#Of(a( Qawwe()ﬂ/ov\g)
~(QlCct jLf\/\SO\r‘I /le - quﬂv > R}A\/:Qv’n
\/Q;Cc[ SCﬁ\ﬁd\fl R = Rr )-4 = ayv /R‘u\v

_ \/\/QUK 46\/\&0{7 /R'\ewamw WﬁlL Q@ Cal/lhacjczluwg \fevmovéi

oo s Wpr o {90 Rar 9., Ry,

2
i (v-1) (v-1) g(”[}‘ jv}"' R
, SUMW&}C(;@ Feaer C[Fﬂ[’”] N C/O"'W ) CF‘V pv T C/“V/%' , (/(O Copv) = O



’K,V\U\Q,PG\/\JK\/I'L COVIJH/U\(/JVIID\M (assuvw C]/\Y"\sgof(eﬁ cawwa(}l’ov@

i jCVau J;wae qu’,\v = 0 ( c)f course, we Su(ﬁlfacw[ecj out ?\yv
dma{ R «Provu\ RP&},\/ )

_ \/\/evz jtevxgorf Q'\ewamw w.’“ Q@ COVILVG\(,('I,UV'( \fevwovéi

Corre+ Uperrm L3R - e R

2
i (v-1) (v-1) g(”[}‘ jv}o’ R
, S‘ﬁMw&Jc('.@ Fewen: C{FJ][W] - CF‘”‘" ) CF‘V pv C/“V/OU' , (/(O (opv) = O



’EVW\G,PG\/\J(M'L C,OVIJV\fU\(,’hD\M (O\SS\N«C C]/\Y‘,\S#Of(a( Qawwe()ﬂ/ov\g)
® jC\fa&, J;\f@e qu',\v = O

° .W)CPF/VE‘/)M COW’VOWW’}(.J V)’-(V]l‘)) _ \A(V)-}\l ‘
'L A =l 4O wmdey tordin W

_ \/\/QUK 46\/\&0{7 /R'\ewamw WﬁlL Q@ Cal/lhacjczluwg \fevmovéi

) 1
Cpapv = Rpor— (g5 Rger - depr Ry,

(v-1) (v-1)
¢ SUMUA&L(’!@ Vet a3 C[F‘f][f"‘/] ps C{OG,P\/ ) Cf)‘r pv - C/wv/ou' | (/(0 (_c’y\/):O




’EVW\G,PG\/\J(M'L C,OVIJV\fU\(,’hD\M (O\SS\N«C C]/\Y‘,\S#Of(a( Qawwe()ﬂ/ov\g)
° jC\fa&, J;\f@e Cq,/,\

° .W)CPF/VE‘/)M COW’VOWW’}(.J V)’-(V]l‘)) _ \A(V)-}\l ‘
T pa V= 10 M dep o ww -

_ K=
5 -Lg 3\“/ 3 \Sz_(y) 9)“\, ) C \/“awa'u/m lm\/afmvl <C0\/|][QVMAMK Xq[wts)

_ \/\/QUK 46\/\&0{7 /R'\ewamw WﬁlL Q@ Cal/lhacjczluwg \fevmovéi

Cpopv - D(‘”"‘”“ ; <3<OD“ 17 = Jer P\V]f”)

2
i (v-1) (v-1) g(”[}‘ jv}"' R
, SUMW&}C(;@ Feaer C[Fﬂ[’”] N C/O"'W ) CF‘V pv T C/“V/%' , (/(O Copv) = O



/K,V\U\@PGV\J@WL COVlJI\fO\CJF’lD\M (O\SSUV\«Q C]/]Y\,\SPO('({K CO\AW@(,"'[OMK\)
® jC\facL, X;\f@e, qu’,\v = O

| (vt Ve C v =0
o ‘MJF/VB\/)M COM/JVOV]W/R ’ 7 (\4 -l) _ M(Whl 3 /Db"}*
B 7 n=b O wmdeyp tdod ot

—_ g=
© “‘f a\av —> »Q_(y) 9},\/ ) C \/“awa'»/\ag IV\\/&M&WH <C0vl{0\fwm@ Xfwﬂ)

’ Tv\ ‘“«z vacuuwm gi'wﬂlélw C‘{MO\’HUM = /R\AV =0
\__v e,ﬂ, %Vaq/}jr@ j(;owq( WaVe s

’ va\wéj((;m Few o C{F"']DA‘/] - C/O(rf"‘/ Cpo" % - Cf“’/ou’ , C(O (_c’p\/)‘; O

)



/K,V\U\@PGV\J@WL COVlJV\fO\CJF’lD\M (O\SSUV\«Q C]/IY\/\SPOf(QK (/0\4\4@(,1“0\/@)
® jC\faa, X;\f@e, qu’,\v = O

| (vt Ve C v =0
o lMJF/VB\/)M COMAVOV]W/R ’ V (\4 -l) _ M(Whl 3 /Db"}*
- & n= j@ WM dep (le’ ww (-

—_ g=
© “‘f g\av —> »Q_(y) 9},\/ ) C \/“awa'»/\a\ IV\\/&MWH <C0vl{0\fwm@ xfmg)

’ Tv\ “«e vacuum €"MS1[CM C‘{MOH“W& > Q\Av =0
= C(Jspv l”aﬁ QM P\/Of)a\gaﬂtov()j J@T‘&( Of ‘{(620(0\/1/\ M Ualuum

’ va\wéj((;m Few o C{F‘f][i“‘/] - C/O(rf"‘/ Cpo" % - Cf“’/ou’ , C(O (_G’;A\/) G,

)



’EVW\G,PG\/\J(M'L C,OVIJV\fU\(,’hD\M (O\SS\N«C C]/\Y‘,\S#Of(a( Qawwe()ﬂ/ov\g)
° jC\fa&, J;\f@e Cq,/,\

° .W)CPF/VE‘/)M COW’VOWW’}(.J V)’-(V]l‘)) _ \A(V)-}\l ‘
T pa V= 10 M dep o ww -

_ K=
5 -Lg 9\“/ 3 \Sz_(y) 9)“\, ) C \/“awa'u/m lm\/afmvl <C0\/|][QVMAMK Xq[wts)

To e vacuun , Ciustin equadion = Ry =

= CFO-PV l/m; qﬂ P\/O’)agan,w (JQ?/&J Of/ ][Y&O(DW\ tV\ Vacyuw
_ g\mgles\q jC@\/JSow;

GPV - /QI‘V' 'Z'; W/R



’EVW\G,PG\/\J(M'L C,OVIJV\fU\(,’hD\M (O\SS\N«C C]/\Y‘,\S#Of(a( Qawwe()ﬂ/ov\g)
° jC\fa&, J;\f@e Cq,/,\

° .W)CPF/VE‘/)M COW’VOWW’}(.J V)’-(V]l‘)) _ \A(V)-}\l ‘
T pa V= 10 M dep o ww -

_ K=
5 -Lg 9\“/ 3 \Sz_(y) 9)“\, ) C \/“awa'u/m lm\/afmvl <C0\/|][QVMAMK Xq[wts)

To e vacuun , Ciustin equadion = Ry =

= CFG-}AV [”0‘5 Qﬂ P\/O’)aacﬁL»V) (Jé?f&( Of/ ][Y&U(@M/\ H/\ Uacuywm
_ g\mgles\q jfé\/ISO\/‘;

Gi"\/ - /Qrv' %; p\//R
. I/\as Cr{lnjcqﬁ Pwpzm’& Vl‘ GW =0



’K,V\U\@PG\/\J&/IJ’ C,OVIJHfU\(,’hD\M (O\SS\N«C C]/\Y"\sko((eﬁ c&wwe()ﬂ,ov\g)
° jCV”a&, J;Me Cq,/,\

° .W)JF/VE‘/)M COW’VOV%\/]’}(.J V)’-(V]l‘)) _ \A(V)-}\l ‘
T pa V= 10 M dep o ww -

_ K=
5 -Lf 3\“’ 3 \Sz_(y) 9)“\, ) C \/“awa'wu lm\/afmvw <C0\/|][QVMAMK Xq[wts)

To e vacuun , Ciustin equadion = Ry =

= C(QSW l/m(; qﬂ P\/O’)aacﬁL,w ngea Of/ ][reza(w/\ (W Vacuum
— g\mglem jCe\/lSow;

Grv - /'2 - %, R
[V pv — r—
. I/\a5 CY("'QCC\Z (7)/\0[;5{45\ vr rv =0 (G)"'v: / % —v | ‘4\/:0)



Geocﬂaic /D kel jC}OW

°COV\§M@\F . OWe - Paf&tuu@jrw‘ Wfavu; Q\a Of

9@0@%3'@ ¥ ) /r ﬁ’
ij @E(MQ Pa/‘aw\ajrer

/ 5“\?

S & R Ysk)  Ysias(4)




Geocﬂaic /D kel jC}OW

QCOV\Stld@V‘ . OWe - paf&tuu@jrw‘ WEC(\M; Q\a Of

9@0&(28’&( Xg Uc) Trﬁ’
ij @E(MQ Pa/‘aw\ajrer

/ 6“‘7

S & R Ys k) Ysyas(k)
> COV\SU@P o) Swaﬂ Z\Aouak Ofe %ﬂL wM& 1“4@6[ Juwlwl CYoS¢




Geocﬂaic /DQUIQJC}OW
QCOV\Stld@V‘ . OWe - paf&tuu@jrw‘ WEC(\M; Q\a Of

9@0@%3'@ ¥ ) /r ﬁ’
ij @E(MQ Pa/‘aw\ajrer

/ 5“‘?

S & R Yslk)  ¥syas(k)
> COV\SMJ@P A SWCU@ @\/I@u A O @.,, ;@l' L,UL»&VG, 1“«.@6{ J,Ow‘ﬂ[ CYOSC
. assume fcl«é? quwm L 9 d Sum[aca w/wawiwal@ﬁ (s.t)




Geocjaic /DQUQC(JC}OW
,Comsfd@r a.  oMe- qum@jrar wfauu{ Qbo\ of

9@0&&1& Xg Uc) _rrﬁ
{:3 afﬁ‘w— Pa/‘aw\ejcer
[ gt
S & R Ysk)  ¥sias(k)

> COV\SI(JW\ a Swaﬁ @w@u'\ Ofen ;@% wL\.av& 1[[4@6[ O@om’w[ CYoss
. assuwme ]cl«ex& WCOWM/\ o} 2 d gum[aca w/c@awﬁtml@s (s, fc)

> T"A Qt éce\/sg&/,}r vaclovg ) Sé T v\/ lr

L L&Qaugc ‘LCMZ&a k?
gz@o@ég cgv



Geocﬂaic /D kel jC}OW

QCOV\Stld@V‘ . OWe - paf&tuu@jrw‘ WEC(\M; Q\a Of

9@0&0,81& Xg Uc )

_rr
JC»’ &E(M@ Pafaw\ajcéw (mfe* (4,514

se R

(5("’) B/H-‘!h(‘( )

> COV\SMJ@P A SWCU@ Q\/I@uk O @.,, ;@l' L,UL»&VG, 1“«.@6{ J,Ow‘ﬂ[ CYOSC
o assume ]Cl«é\& 'CO\/‘W\ L 9\ J SUM[QC@ bu/C,@O\/\oQMa‘L@B (S,j:)

5. Th

h

. SPe 9,

;awgwjt vaalovg J Soé‘, T v\/ lr =

J@Ul’ajw/ou\ UaL’Fo/{f PO’lVl‘L {'O XBTA; ({) ql' Sawe {




Geocﬂaic /D kel jC}OW

QCOV\Stld@V‘ . OWe - paf&tuu@jrw‘ WEC(\M; Q\a Of
9@0@%3'@ XSUC) /s

JC»’ &E(M@ Pafaw\ajcéw (t)s) f (4,514

S & ]R (1) Usino (4)
5 COV\S!(J&/\ A Swaﬂ Q\Aouk O @V, S/@l' wM& 1“4@61 JDVM CYoS¢

. assume fcl«é;L quww L 9 d Sum[acc w/wowiwal@s (S,fc)

> o TP: QJC JCMS&/NL vaalovg ) . ¢, T v\/ lr =

Sr: 95 J@U;ajffou\ ’Ue,(:ﬁo/(f ’Do’.vrl {’o XSTA; (J() ql' Sawe AE

[ T‘- (O+ o ~—F 'ﬂ \/\Cﬂfwcmlc ”QCI\[OV
_,S,T] 20 & D \/f’ = V(”S WCOZMJ.’L:W |




Geocﬂaic /Dﬁulqjd@w
D, ST = ¢ relabive velocidy”

_rr

(ts) " (£, 50
-

) Usad)

ST d fangent vech sl TOVLT =0

o Sr:— fas J@U"CJL(OV\ ’U@C:FO/(:/)O’IVFL {'o XBTA; (Jc) ql' Sawe \E
_ S/T] -0 < S(O\/f’ ("= ”TW’( St e cooiuale  vecton

C—OM cp./(';ov\




Geocﬂaic /D kel jC;OVL

DT 5!‘ - ¢ relodive K(JQQOQ’HLH))
2)
_ -—\/v\/ SI‘ — (WVT}») S

\%

_rr

() 2 (1,51
5

(5(‘{') B/HQ;(‘( )

S o TP: Q{; {jamgwwt Uaalovg |

o SI‘ - ds devic ion Ue,c,ﬂto/( .

st T 'L T1 =0 (1)
DO’IV"L %o XMA; (Jc) ot sawe TLV

(5, T1T20 & SUV,TF= |

—f -v_f S'ﬂ do Qoo\/\cﬂfwcmlc /U@C,’I'OV( <2)

oy cp:(’;ov\



Geocﬂaic /D kel jC;OVL

D, ST = ¢ relabive velocidy”
@)
L ro — v
-TVWV ST = (VTS &

= /@t«v SV ) /BP\/ EVuTV P gf a

(5(‘{') B/HQ;(‘( )

> 0 TP: Qt {?awg&/ﬂt U&OIOVS , S.,é‘. TV VVTF = O (')

o Sr:— fas J@U"CJL(OV\ ’U@C:FOV(f’)o’M‘l %o XBTA; (Jc) ql' Sawe \E
05,710 o SIN,Tr= 10V, ST oo comtdige e (3

oy cp:(’;ov\




Geocﬂaic /D kel jC}OW

D, ST = ¢ relabive velocidy”
@)
L ro — v
-TVWV ST = (VTS &

B S, B VT g

‘, (5(‘{') B/HQ; (‘( )
° f;wéqr X](?\M 6{ >

/ v —FQJ\ZJ\{@ Q’Z Mé; )”60\/;14 QOJ
. gm&f@ (rﬁ S JCO (36 PQMM@Q \LquWDVJW(e)(O(a;w ,PO f@wa?m FCWZ@K }

S o TP: Q{; {jamg&/nt U&(;’gvg J Sojf‘, TV v\/Tr‘ = 0 (,)

o Sr:— fas J@U"CJL(OV\ ’U@C:FOV(f’)o’M‘l {'o XSTA; (Jc) ql' Sawe ‘E
05,710 o SIN,Tr= 10V, ST oo comtdige e (3

oy cp:(’;ov\




Geocﬂaic /D kel jC;OVL

.W,Kajc{w/ ue@aq(v; \/P - D‘r Sy ] TFW cr

, celative qcce&lalduwf At‘ < bT Vi= T Fv,o Vv o

() 2 (1,51
5

(5(‘{') B/HQ;(‘( )

> 0 TP: Qt {?awg&/ﬂt U&OIOVS , S.,é‘. TV VVTF = O (')

SI‘ - ds devic ion Ue,c,ﬂto/( .

. [5,T1M0 STV, Tr-

DO’IV"L ‘/fo XSTA; ({) ql' Sawe. 4(:

N -v_f S'ﬂ d Qoo\/\cﬂfwcrlc "’Qc,’lloV( <2)

oy cp:(’;ov\



Geodesic Deviation

relative ue@aq(ﬁ: VD, ST: T[)VF Cr
elakie aceloiokior AF =Dy VF = TPV, VE
A= TP,V = TP (T7 V57

_rr‘
(ts) GT (hs#k

("'“) Ksm;(% )




Geocjalc /Dﬂvﬁqjc}()w

X V‘eﬂaé{w/ U@Qﬁdéﬁ'- VF /D‘\’ Sr = ¢ Vf S
bYQQO\Jc;U& accelpiakiom Ai‘ z DT VE= T FV() VAl /f
AP:TFVP\/P < TFVF(T‘YVJS”) ) g e

(2) s " (1) Usond (&)




G
eodesic /Dﬂ '
.Weﬁaé{w/ QO UIC(JC}OW
elabive ) déﬁ: . /D |
AP: T() q&@&lakw: A'A T NS T[)V Cr
\PAVARS e F
o SNV L
_ TPV( | 0 TV P |
-(_[",0 £ S VG/T’M) OISV)
(TP, S°
FS )V@Tr +T‘O
SG—
'v() V. TF"

/
(t;S)
51‘ (£, 514

(5“’) B/‘Hihu )




Geodesic Deviat

relative ue@adéﬁ: Ve D+ N TfV N

elabie aceliiokion AT = Dy VF = TP, N %

AP TO, yF = T (T7V, 57 o

¥ TPV ( S« V7, T G Gsadd)
Vvar:O (1)

(TP, ST) Ve T+ TSV, VY, T s
LF@ () SFVP | ’”:TFVF Sr(l)

:C6(Dav(o T(S’) (5’ r+T(OS (VK\/F‘P_\’ R‘MV(JG,TV )



Geocjaic /Dﬂv?qjc}m/p
. W.Kaé{w/ U@Qﬁdéﬁi VAR /D‘r Sr - T[) V S
. \(QQ(AJC’UF, CQQ(@&/(AJ(UM At‘ b \/}‘ T va \/ 3

A< TV, VAR Tr”v (T V,S") ) g e
(9.) T()v ( SG, v T’M) (1) Usen &)
vvar:O ()
TPV, ST Ve T ¢ T " T-’
Q/]D@ | i > VF S()vp | F:T’a V(O Sr(l)

:(6("% Tc’) <r r*T(OS (VKVF | P—F RPVF,TV )

SUVATIN T - SV TV, T




Geodesic Deviat

velakive ue@aq(ﬁ: VD, ST: T[)V S

velabive aceliiokion A" = Dy V= TFV() Vv %

AY < T(’v VAR T(’v (T V,S") (t,s) Gr“n(ws

(‘L) T()v ( XA T’M) ) Csadlk)
vvar:O ()

(TPV N Vs TV T(DS vV, V " T-’
LF@ | i () SFV{) | '”:va(a Sr(l)

(6(“%%\ Tr+Trs? (v‘\/ﬂh R T )
SATALT AT = SV R VAT

Poxrauaaﬁ bvawsported_, gq. (‘)




Geocﬂaic /DQUEQJC}OUL
> Ak: /RHVPO' TVTP S(y
A< TV, VAR Tf’v (T V,S") (k) [~ (o

(t) T(J*v ( Sa’ v T)“‘) (1) B’sm(U
\V —p ‘

TPV, ST Ve T + TS VY,V T T_’le o

{/P@ f) SFV(D l :va(a Sr(l)

(6‘377(0%7\ TreTest (Vf\/ﬁ‘h R T7)
Sw{vﬁ_[—rej/ﬂﬂ - SP{V "V Tr}

Po\m/&a@ tvam (O ovrted_ Cﬂ(\)




Gzocjaic /Deuiqjcﬁow

> AF- R TV TS
%Q,OJKS{C CJZCUZQL(@q QC(U\O\JQOV) Tr
~elakive (&) Sr\”()““”‘

< QCCQQCI\C{(':LM ) O() /R (1) Xum“)

(50 TG TT+ TS (Ve ¥, TF e REL T
SV LT T - HAANGANM

’PO\WO\/UQ@ -l'fa w{ o n/‘Jr JV/ 6‘1




Cxercise: Prove R poy = O (Heciun free)










€'><€\FC,\SQ; (‘PY\O\)Q R() t_th‘I\/) = O

y ¢
{RPES },v] = O <’—> ( @Ufi‘\— RP\KL—C‘\' K lm;\j‘:
P P P
‘,Rc'v‘i'_ R(’f:' RVO_)’-" O
<D R()a'r.\/ * Q()VO')A + /E]Avcs' = O
[AOOS@ LV)@V‘L(&(@ ‘(VQW\Q/ , ‘_— Hv(o =0 C((' f (‘éo\f(l'D/I {/5@,)

D\r"'"'v - at‘(—v(oof avrﬁo'



€'><€\FC,\SQ; (‘PY\O\)Q R() t.CYr'\/) = O

vV 6
~—— /\A/

P p
- Rec—v‘y— va:" RV o ) = O
<D R()a'r.\/ * Q()\/o'y + /E]Avcs' = O

[AOOS@ LV)@V‘L(&(@ ‘(VQW\Q/? ‘_—Hv(o =0 C((' f (‘éo\f(l'DJI {/5@,)

0 P
{RPES‘,v] = O <i> ( Karv‘\— RF\ICTJ:‘\' K 4



€'><€\FC,\SQ; (‘PY\O\)Q R() t_th‘I\/) = O

v 6
— NAr

i P P
‘./KG—VJ,— Rt,f:" RVO_): O
<D R()o'r,\/ t Q()Vo'r + /R]AVG' = O
[AOOS@ LV)@V‘L(&(@ ‘(VQW\Q/? ‘_—Hv(o =0 C((' f (‘éo\f(l'D/I {/5@,)

’D\Fo' MV gl ar‘ V(JO'._- Bﬁﬁg + I_() A ‘('f\/lgo\r |,§ O q"’
ome Avawme b O at

\"4
! a[,@ ][)fcxw\eg (

0 P
{RPESPv] = O <:> ( 110?\/‘\— RF\IUJ:.\' K 4



Cl’\Yiﬁj( el Covvecd o)
€X€V‘C'\SQZ (‘Pv\oue R PGI}.W = — P\ 5 p hv ( 0({6

V&: O +40V(lbﬂ .(Jee_)



C]’\ ]ij( ea Cov\v\aclﬂov)\
€X€WC{SQ7 ?Y\O\je R PGI}’W - P\ 0P PV ( Qvt&’j{f + Fov( o {«eﬁ}

@ = ( Vr v\/ — v\, V,» ) %(06. ( Wetvic u)wyc&[,, Z,%)



€>< LSe - Chyidd el covmeckioy
eV cLSe (‘Pﬁoue R PGJ PV K G-P VV ( v&-j{f +4ov(iom _(\,ee_)

@:<VVVV"V\/V,,)6[(OG_
2 )
T RPW dre Koo gpA



€X€V“C'\SQ3 (‘PY\oue R PG’}_W - — P\
e |

Chyiddoffel commeckion
V&:o +40V(lbﬂ .(Jee_)




€><€\Fc'\§e‘: (‘Pv\oue P\(w pv = R hV o




€'>(€\FC,\SQ? (‘PY\O\)Q Rf(y pv

(3 _ = |
R Elu\/a'j O = R(or,,vo‘ t

R hv o

R por

Qf)\/cr/u






€'X€V‘C,\SQ7 (‘PY\O\)Q ng ’Av = R HV(D(S‘
R()[r/xva’j =0 = (oﬁwr (0/ Qf)vcrp O

RJ[EﬁV]:O = /R({;‘Orv-k Q(Y\/(O(zﬂ‘ ]Z(TH\/(O — O

(

]2(0/4\/0‘ +R(O\/G”-A + Rcrv(op"' ‘Zo-'t,vF:



Txercise: Prove P\fwv‘- me
Rewwj‘O = wa—ﬂ“ R(JG/—%”* Q'Ova—p = O
N
RJ[vaj:O > 4\ZU),M,+ Q(Y\/(O(}ﬂ‘ Rcrmo - 0O ®
Repvor + Rpvep + Rcupp+ Ry = O

]Z,A\i\/<5'(o]""(j“'b RH\/J(D“'RP(’VO""erO'FV = O

Lotopp1 =0 2> Rucer +« Kupop + Ruppe =0




€X€\(‘C'\SQ‘Z (‘Pv\oxje Rf(, ’,,\," R hV e
P _ = .
R ErA\/r] O = (oﬁwr (0/ Qlo\/o—/u — O
o
,R [EHV]:O = /R({f}"\/+ K(S’V(Oy’f 12(7’4\/(0 = O G’)

]2(0/4\/0‘ Tt R(o\/o'r + R crv(op + ‘ZO-W = O

" _
R CVG'(O] - Dtb Rb\/d'(ﬂ + ]’2}4(9\/0"" l?r,crpv :’D
/Q D"Ft"] - O => var(oy + QQ(D + Izvp}m’ = O @

RNO\/"'* RTM-(O\/ r Izvo’{or+ Qv(oluo’ = O



6?{@‘((5&1 ?Y\O\)e Rf(y pv = R pv pe
Rfcpe =0 >
E"A ] = R()’.{V6~+ R()o)/v"' Qf)\/cr/u — O
R -0 = .
EErth - = QC{)‘O}A\/ -+ RCS’V(O(J’F Rcrﬁv(D = D G’)
Rove s + R
e R ever F RNt e - O

RHE(Y :O:)
\V; ‘0] Rb\/f(o + R"‘FVO--" prv =

(

V

/Q EO'P["] =0 > var(oy 4 QQ}Z%D + Rvp)m’ = O @
Rr(o\\d'+ o-(oL\/ 4’[2\";‘“” V [‘\;’:O((L)










€X€\FC'\SQZ (‘PY‘O\)e vtl D\F&-]’,\V = 0




6){6\(‘('\5@1 (‘Pv\o\)e VEA D\F&—’l’,\v = 0

ViR —o e L [ Uy Rypt VR TR,

—_ T/) Ra.f),\/ = ‘v‘o Q,\U—y: vo-— QIO/\,N )"









€><erc'\5e:

< V'A Rfﬁ‘rﬂv",

[v\* / v\’] Ve

v, 1 .

(‘PY\OUQ VEAD\F&:X’"V = 0O
WKRXFVV+

v‘a K 5;\,.»\1

—

O









€><€Wc LSe; (‘Pv\o\)e

< v3 R(ﬂﬁ_r"v",

V., W) v, 1-

Vi D\fﬂkv =0
er)(;yv“— V(] Kzs’/\yu: O

[Vy)V]V - V [v}*/vv]

;v\?\/ G'WVVV}, "V&’vva—v vv

(Y, Vv 1

V., v.1v, |



QXGV‘C{SQ’Z (‘PY\oue VEARPFKVV = 0
<D v) R(mrr«v"’ v — R)(?}N‘\‘ V(] Ks’);«u = O

[V, %) 9.1 [V, %]V, - V. LV, @
© VWV - WU Uy - VeV, Ty 4 U UV
(v, v,1 v, ). (9 97V, -V, Ev/v ]

V., v.1v, |

I



QXGV‘C{SQ’Z (‘PY\oue VEARPFKVV = 0
<D v) R(mrr«v"’ v — R)(?}N‘\‘ V(] Ks’);«u = O

[V, %) 9.1 [V, %]V, - V. LV, @
« VWV - WY, Uy - Ur V,Uy 4 Vs U,V

‘:[VO«/ vr])‘\_—/\/ ]-‘-— [vcf/v}«j vv — VV [va'/ v’,j
b v(rv\nvv — U\UVO-VV — VVV(VVP J—V\/‘v‘,vo—

(v, v.1v. 1

I



€Xercisei (‘PY\OUP' V£AD\10F]VV =0
<= v) R(ac—r«v"’ WWR)(?PV“— vf Ké’/\r“’ = O

[[vwv\])vflz [V),)V]V - Vs [V},,U\,]
=VT/V vavv}’ "Va'vv\/“‘vvv

[[VO. vr] AWV ]-‘— L Ve V1 Ve =V \:v"'/vfj
vgv*‘vv _ v‘uvo__v\/ — VV‘VFV,, + VVVFVF

[{sz v‘])v" ]: RN vcrjvt' - vrtvv/v‘f]

I



QXGV‘C{SQ’Z (‘PY\oue VEARPFKVV = 0
<D v) R(ﬂc‘rﬂv"’ vr R)(?}/V“— V(a Kf/\f“u = O

[[vw v\,])vo-lz [v)‘)qv 1Ve - Vs Ev}”m]
- VWV - WYV, - VeV, Ty s U ULV

Y, v,1 v, ] [v v, ]V, -V, [vo.,vfj
[[ T j ng\ﬁvv — U\UVO-VV — vvv(rvp +Vvvkvr

[[V\’/ vf])vV ]'« [_v\/ ijvy — Vttvv/vo{(
= Vv VKV\/ - vavvr ‘VM P v"’*vl“vé’v“

I



6?{@‘(’\561 /‘Pv\o\)e VU D\PS—],,\V = 0
<:> v) ng-rf\v"' v 5 R)‘(,}/v“— vf K 5f/\r.,u = 0O

[V, v v, 1-
- VV%VG, - \'/V/j/vf - VNVv x Y/RVXV‘,

[[vm vr])vv ]-‘—

g - - VN‘\V\/ — VYVL/T-VV — V/&/g—v‘, +V\%Vo_
\lv\’) vd‘])v(’ J:

= Vv %Vq{ - vd\%kv\( - Un yv/vf*vi“%vv

I, ¥, (V.9 V] (7, V7 -0 &
Jacobi j:o(@‘/n[qu?«




T
X
C
'A
C
i
S
0
¥
Y~ OVJVe
v
K
f\Y'
v
N
BN
)P v
4+
N
K
&\
"
O

[{
v
r
)
\/:\}
K]
\/ V]
(
= v
\
L V]
\/i‘;\\//—
i
_ Vv
F\E
AV
‘4
/
j

T ~—_
(
| )
1) 4
Cwv
(v
- T~

_ R
rvv
Y
{
}
R,
v V
\
)
_ VY
Sl
)
rvv
V)




€'X€WC’\SQ7 q))f\o\)e v/xR f\r)ﬂ\/-" V OJA AP v + _Vf R ™ w:, O

[V, W, VIV

—
—

[VWV\,] Vg'\/'o — Vg— Evk/v\/}\jl&

= QC\O’ pvv)/\/f + QPQ‘,\/‘V{\//\ - VG’< /R(OAVV \/A)

— ng,w V;\ VAT /R (Oﬂ\,v V , \/A ‘(vo' Q(Oj,,v) \/A—— TZ(OQ/V\/GO_ \/))



T
X
eV
ol
LS
0
Y
Yy"OJe
v
K
ps
v
N
BN
)P v M
N
K
&)
"
O

V )
{ V
[
v

_ R
rvv
3 VI
}
Q\P
qu
\V
)
AV

Sl
)
V)

_R7,
WY
1V
e
+
RF
ﬂ\./
VK
_W
-y
A )
YA
_ wa
V)

_R"
«r,-v
V;
\/F
-V
- R
fjk \/
A



€><erc'\3e: ?po\,e AV — YV NTA o -
L[V, W, VeVl - R WaVP - o RO, VA
[[V/\‘/],Y/]\/f:«llj WLVl - Y R, VA
[V, V], VIVI-- WV -V RH v




Cxercise: Prove V4K oy NS \p P
LIV, W, VeVl - R Vi VP - o R,V
(IV,, 9] Y]V Ry WVl = VRl V7
[V, V], VIVI-- WV -V RH v




Cxercise: Prove V4K — N R o 1
LIV, W, VeVl - R Vi VP - o R,V
[[V,, ¥, Y JVIi-- Ry TV~ VRP g V7
e IAUr RV X LWL



















g%é\f“cige :

COUV\ V\AZPCZV\ J?/v]% (,Q\M o\/\Q/w
( LC\/ - Givila Qovnvle(,J( oo )

(,( /‘R\CW\O\\AV\



g%év“c;(set Couw \V\AQPQ\AJWJF Cowm () O‘N/w {(f /‘R\CW\OMV\

(LC\/. Givila QDVM@(,J( TN )

Kbl
K
n-1)

‘Y]:/Q}AV(Dfﬁb

)

\
=



gxefc;(se: Couw \V\AQPQ\AJWJF Cowm () owzm (( /‘R\CW\OMV\

(LC\/. Givila C/Dvnvlecj( TN )

Rik
Ve
n-1)

(_T] = /Q}JIV(O(S' —~>

T

) mia ) wno) [‘Q(M«\\]
pa

—3 = ‘2—

&
s



g%e\/“(;(ge :

Kikwip =)
\
Nn-1) A(u-1)
= L

COUV\JC V\AQPCZ\AJ@M% C,Q\M ON/w
(LC\/ - Givila C/Dvnvnecj( /ov\)

(,( /‘R\CW\O\\AV\



gXGWC(SQC COUV\ \V\AQPQV\J@M% C,Q\M D\"Q/‘ﬂ
(Lc\lu C\V 0\ C/D\/I\/IE,(;& ID\'\)

{( /‘R\CW\O\\AV\

RH* ps) = /Q pv opo ~>
"4 x
n-1) VL\/I ) /'4(\4'\) - -
Q Iu L\/(OG'] - O
£\
8 V\(l/),l)(\A-L)
3!

5 (;o\MBmQJﬁM o:( 7. OLJCCJL(



gxe\f“cige :

Count \V\AePemeJf Cow oven
(Lc\lu C\V 0\ C/D\/I\/l@(;k ID\'\)

(( /‘R\CW\O\\AV\

Rikappa = Ropv oo~
3 .
Nln-1) Jgil) s M(M{) Lo (M) ]
Q |u L\/ (os'] O
KN
VL Vil -1)(U-1) 5 - (-1 w-T ) cond ‘L'OM
A 6



gxewcige: COUV\JC \V\AQPQV‘J@’H’ C/O\M O\"Q/‘ﬂ ((f /‘R\CW\O\\AV\
(Lc\/. Civila C/Dvnvnecj( /ov\)

Rikwpa = Ry po

£ N

M-1)  v-) o M) vne) [\g(u,\)]

T

I gl P 2
Rpppa = O
KN
VL v\(n/),l)(\A-L) 5 W (m-1n-2 ) COVld}[‘HOm
3! 6
W) W) (wa) o mt(ua) el V\;}_]: wt (v ) () _
4 C g L & S 9 ¢




gxewcige: COUV\J( MAQPQV‘J%} CO\M O\/\Q/w ((f /‘R\CW\O\\AV\
(Lc\/. Civila C/Dvnvnecj( /ov\)

OU\ZW SY ww Q‘L\/'\@(
ZGPVHPJB - K pv ops b d

VAR I

n-1) M(n-1) CIVE (b)) \ﬂ(M«\) -

Q}Avlﬂr = RFKPV

toinde pende, !
o \nae peuv ve,y .
Ripea = O V
K\
VL y\('/)" )(\A-L) 5 Vata (\/\—'| \(\V\/‘L ) COV]J{‘[’?OU‘S
A 6
W (vi- ) o v w-d ) wt (u-) v - V\;}_]: W )(’V)M) _ " (i1 )
4 C 7 L - 5 2 ¢ 1z




Exercise:  Frowe bhad the Biawhi ideqbihn tuply V' Rpy-iUage

CO\(WJ ﬁﬂf}i - WwWe CC‘V'.WL k/\a\/a, QP\/; Yn_l’r\/
— VVGH =0 dud we w l/'Q\/Q Gru: y()—/’/uv



gx
‘0) | \/\4
‘

o



Exercise:  Frowe bhad the Biawhi ideqbihn tuply V' Rpy-iUage
/gl,qv\d/\( d v) RPQ‘A\/.‘. VO_R)PW‘F Vf’ RG)}AV = 0 >

0-979" (V,R,.+ V.R .+ V,R,.]




Exercise:  Frowe bhad the Biawhi ideqbihn tuply V' Rpy-iUage
/g‘,q\/‘ﬁl"i d v) )Rpﬂu\/.‘. VO-R)PHV+ Vf) RG)}“V = 0 >



Exercise:  Frowe bhad the Biawhi ideqbihn tuply V' Rpy-iUage
/g‘,q\/‘ﬁl"t d v) )Rpﬂu\/.‘. -VO’R)(JIAV-'— Vf) V\c')}w = 0 >

0-979" (V,R,.+ V.R .+ V,R,.]

5" Ty ) 87T o)+ Vg R

\l/ O O = (¥

9" Ropvy,
|

R ot
|,

Rer



Exercise:  Frowe bhad the Biawhi ideqbihn tuply V' Rpy-iUage
/g‘,q\/‘ﬁl"t d vﬁ )Rpﬂu\/.‘. -VO’R)(JIAV-'— Vf) V\c')}w = 0 >

0-979" (V,R,.+ V.R .+ V,R,.]

:gl‘”) vﬂ(ng R(Ww) ' ngvcr(g'lqlzgf’w) ! vf)(?"";l” Qﬁrv)
| {

Vv
ve p
9" Ropvy, R o
|
v |
R” ovt ’
\{/ Rev

Rer



€X€WCISQ ,Ffoxk@ Jcl/\ Jr “\@, /BIO\V\(,g \OQQV)JV 11\@ wﬂaut VYRW K#D
/g‘q\/‘d"t d v) )Rpﬂu\,"' -VO’R)(JIAV"— Vf p\c')}av = 0 >

0-979" (V,R,.+ V.R .+ V,R,.]

:gm vﬂ(ng Rﬁwv) ' ;ZVWV5<§PDRQFW) ! vf)(?"";l” (ZUJVV)
J i |

ve p 2 Y
g RO‘P\/P R (Of“’ gP R U—Z\'b\\/
b ) U
v | -
R pvr ’ gt 12 v
\{/ R()v ? S
Rt *;‘"q Koy

IZ



Exercise:  Frowe bhad the Biawhi ideqbihn tuply V' Rpy-iUage
/g‘,q\/‘ﬁl"t d vﬁ )Rpﬂu\/.‘. VO-R)PHV+ Vf) RG)}“V = 0 >

0-979" (V,R,.+ V.R .+ V,R,.]

:gm vﬂ<9w R(Ww) ' ?vacr(é"ﬂ@%w) ! vf)(?"";l” Qﬁrv)

7 Vo
- 9\\‘» v;‘ /R'O‘u 4+ (03[ -v()' R‘ov — -v‘o R
!
| R()V
Ret



€><€V’CIS<’, /FWO\LQ Jcl/\ Jr “\Q /BIC?\V\(,‘ \OQQV)JY 1Lw> )M?QU»L VYRW“VK#D
/g‘q\/‘d"t d v) Rpé‘,u\/-‘- VO-R)PHV+ Vf) RG)}AV = 0 >

0-979" (V,R,.+ V.R .+ V,R,.]

:gw vﬂ<9w Q(Ww) ' ?vacr(éwﬁ%w) ! vf)((c];"";l” QUJVV)

- (0)[*\;‘ v;\ /R'O‘u 4+ (01[\/0_ —VO' R‘ov — -v‘o R
2 .
- v R(’I’ + V R(o\/ — -Vf R



€><€V’CIS<’, /FWO\LQ Jcl/\ Jr “\Q /BIC?\V\(,‘ \OQQV)JY 1Lw> )M?QU»L VYRW“VK#D
/g‘q\/‘d"t d v) Rpé‘,u\/-‘- VO-R)PHV+ Vf) RG)}AV = 0 >

0-979" (V,R,.+ V.R .+ V,R,.]

- fé[w V;\ R P n 45[‘/" V,- R‘ov — v‘o R
p v
- v R(’I’ + V R(o\/ — -Vf R



Execcise: Prove bhad dhe Biawhi ideqtihn tgly VI Rpp-tuage

Thae  Cps ?rv ) %gr«vR =
V' G sV R -V ({900



aply VT Rep=17R 40
/F Jcl/\ Jr “\Q /BIC?\V\(,: ‘OQGV)JV %lw ) ?UUL
€><CZV’C|§<L TOug

Tt\ev\ [hV‘ /Erav‘*ig‘w

l bV
FV -



€X€WCISQ /FWO\LQ Jcl/\ Jr “\Q /BIO\V\(,: \OQQV)JY 1Lw> wﬂau[ VYRW-'VK#D

The G = R - 2 ?rv =

VG VTRV g )
5 R - L?rvv R

-_ZWVK_ v.R = 0

!
Lz



