Title: General Relativity for Cosmology Lecture - 100523
Speakers: Achim Kempf

Collection: General Relativity for Cosmol ogy

Date: October 05, 2023 - 2:00 PM

URL.: https://pirsa.org/23100023

Abstract: Zoom: https://pitp.zoom.us/j/916408556242pwd=dWV WYV 2doSnBhU S9JUKhj QV BwY 0h0dz09

Pirsa: 23100023 Page 1/12



§ Sharing Desktop 5p Sharing T = =21 7 " P ;
K - k
r-“ - L F’.‘!q - I__.- \ {-“} = ":;“..) + {:}_ J
) 2 [J I o )

Tlun, Mnew:
/

File Edit View Insert Actions Tools Help

3 YF'“/’."( - rqsf,f'f'pi anamf fv-:fwvfu'nM => ':"- . N
#&.‘P"{!? ‘f'“ﬁ" .}‘.’("‘;/M £ mmja x" Px Ik s LF |

L

avifst‘ou?
p
o lhe Tovsene Lemson

How dres 7 oleleamume shage'l Thvowqd : _— k
e } . DC'L’W{NM : J 3 = Q l‘-.‘.-,...; ‘4
(/%t-‘u e Mo wda lanisov, Mf:,?_‘ L1, l'r:’_ ca me? @ ﬁ-—xw)

-/—OVSFW Q Curvatuve ,/

Pwpﬂs(tom: , )
Vice vewsa, ;} T',,‘i.ﬁ):o Vxe#,

fllfq t/‘ﬂf (s fm fwv Ir;-'/f/f a C‘\avl‘ M{A 'rﬂ';”"'p) =0

]J{q: ’(4‘!(8111!4{) C,m}/.,&,u P"""u‘,,&;”
thlﬂ? Ewadolgmalfﬂ u’aaf‘}l f‘*xf'f);/
T

J‘n Gemarel Mﬁ'w't’y: Ot 855 LmeS {O'N'm‘:s 'f.?', i.e.: T =0.

{Aw]{a[/f! r u.-c.”uf«ss ?ﬂw'fq"o—t’ and F:mlv /nuﬂ.
’(M /”fl“l.;-: w M.“’
T‘_cﬁfﬂ, 7724 f(?w"‘f {‘-{ A vound Cad PL-M {‘(vf } v} f -Q fvo—:ﬁfg{:; the
y Pq([r‘ - M’

cxists a chatt 30 that I'y)=0 (ie o such [ovces o frur falt).
Thin vides awt €ha existVen e of {ovicomat Explatly . “5—5— + f".., ¢’ -0

WA, Z The borsion co a fem .
/ ) J"{ Lad 4 ;‘V.{‘ “} . B 660&&!‘5' /4 carve '}4' ta xlt) o culld a geooles. e
= VoS forim wneovly wr1lh vt arobiar Avatrrcen - . :
4/ )l - M{}fﬂfﬂﬂdﬁ; ?(,l'.l. |/
T (2) = ox' Ix*2x " T" ) : .
\() s L. 20 e x } .ﬂ“fcw‘f‘f afh g
J“" ( I x" Vg IR J ( v r -o .'.s..ta.rm,.d:f..,.{f...a:
r ° m,—ﬂf—-“; (r-dﬂ'-_

1/

=) Jj T, vamicbas um omae cds, A varwsbor oo all cds.
B e e e e e e e R o e i i i P e e s i
1 ¥

Page 2/12

Pirsa: 23100023



File Edit View Insert Actions Tools Help

TL(T([M, wA ff?w"\"l' Chat avouud ealk pem {‘ftf
cxists a chavt 3o that rG)-o (t‘.i’. ua:uc‘fw:’f i Fmﬁd’)

Thin vides cwt €ha txisVene 7 fovsroma ’
l
WLy .

The borsion o a Lemson.
=> M {ﬁ-.{/aﬂns 4“&? w-t'f‘ MMM }lf"t"m At a2 gen

_:T‘_-)n {;-'_J =

-

2x' Ix*2x" T ()

D x* D5 IWk

>

a .'=>J~| (Lavfs, ?o&uu x"(¢) olo:;:

iﬁ*F{' de’ d¢' - o [€"

o
I Tll{ovy U/ 04th¢77 0‘//(*“;1 c’aat'ﬁ; H

:) Gufm ri:‘y(-’f, Ca A wtw’(wa&zw
{’: 3 (0) ‘Mm’o D a wmigus geodesee Z.}f
oj NN e L,ﬂ.

a /%t'cg:

Subscopt mdicaZiy
BN NI

I/ Jott) solen (¥) hem o (1)

alss sclver (K) amd [~ A el
Yie(€) = yp(A¢) G

Pirsa: 23100023

(5 somomsin < vy O

(‘W'J{OI/II r‘ u,d(e,.f..,, rm'f-"nn! and fuml- /nm.

:r’ vanws bas um ot €ds, K Varwsbor cu ol cos.

(rco(vaks:

14

llr]; u:oaufof;mﬂffﬂ a Pal‘l.}/ t“*!(f’c/
T’(M /ﬁf!m
} v {, - Lrams, 3.745 (v t4e
' qu‘[’l‘ v A

fxplitly . 2L ' 450 -0

/4 curve }J.f 3 X (€) o0 calld a geoeles.
'-/ 'yr “ au{:flv-mdw; r’,l'.f‘ a/

Meaniny The patl pp u bt
e el A {le pabl's Lot oot
et PJ'-"“‘ f cook oAiny.

i?._/ -0

44

!)(,pona..ﬁ‘aj mtla_.'

a 6)»\}44(” Q;".u( ’m{ p € A .

T‘l t‘xfdnlnt"ﬂf ma/o v ﬁa}c-\u( “'-u"‘
- v::% Fomn  meighbochord
exp: [ (M) = M (Zf;“f""” - “"‘"’)

expy { —exp(S) = y1)
W‘.f'n—( }' “ {L rua&i:: e €A 'iri,‘ro}—‘/b,‘p?{a):i

a 065(1\1 e

Page 3/12




File Edit View Insert Actions Tools Help

{": 3 (o) _&(...r, B @ Gmigut geodesec ;V"
d M 2 lvo L’,é‘ .

a /K'&c':

Subsovpt mmebicaZis
e Bnd comaly &y vor atin,

If pol#) soler ) €hen p, (1)
alss SQ(MQXJ amdd [~ A EIR:

Ve (€) = yp(4¢) (6.)
——

” . . )

6caa(e$¢'c oY ”R:'eana-uu movinal camo&mqﬂs :
hﬁ* 9 a 9“%’”“/7‘!1“ Aﬁm a M}‘ bovhood
7 Q€ T_,'{ﬂ} i MW" wde a uu;’(‘.»‘.u./?

.m-n.wrl..
L. rm‘# peEM.

@ F‘(n? P‘lvw-d’p, a CAQvf G‘ra-unndp -

0 (hoose a ‘nc‘s, say &, ,8;,. €, t;} T_’fuj, thes:

f=0C"e,

a TLv-u,( exp,, the (' become €he
coovelinaly # PM -~ a ‘“ﬂ"“ﬂ“it{ # P A4

(f...87) = exp(fe) em

e

a Tftesej()"f are callod ’:I'lﬂmJ o I}fwﬁu‘c cond.mates.]

Pirsa: 23100023

= bvenm p=ple, cacd u—\u'ta‘,rc’ho&'g‘a'h

EXO T 1, U] 7 70T (7,4 )

xpp { expl€) = y1)
W‘!H ) ) (L }.looafxt e €4 };"l"“} :f’,)‘é‘-")zf.

0 Cbsevve:

“va(&) we othosnm:
¥ (R)= plL) = exp,(AC) (€)

I 6(0561"'!5, '}1, (‘uu,‘ P ar S{‘l’l:’”‘m e & movieal cds about s ’
0 "?fc-;” @) s

Ye(R) = exp.(A()

[ P
for varyimg
A et e
eI
Pl fra g

g T bes - g Py }eoo&p‘r cos }.IOGGu‘rs
A raug h p ave slranyih Loy

o comstamt wlout (.

[geed chot

Does thor wmean F‘.,'(,P) - o ‘Z Ve !

Page 4/12




File

Edit

View Insert  Actions Tools Help

a {4005( a ‘ajc‘i,sny C s, ., O ﬂjt'r'u)l{]"‘.;
{=0e,

a Ter,( exp,, the (' become €he
coovelirals o PM - a ua"’l‘w‘-o/ 7 peEM:

(tf. A7) = ep(fe) em
T‘e.‘ejlr'; are (q“J ’:nwma’"v-v

'] ’
g,raﬁaid'c condle nates, !

e

---:7 J‘na(la{ Jj e lovsion vanshes,

At

6 bt

5,

[ T DY £ '
LT P £X 4 da 4y’ -
L4 () ;#"; F{PJ ‘2 ‘—5‘ }f - 0

o’

= O

Tk...: . ' . | oL
r:_ s "1"} * E- » {Pj} ‘}_T o
(e LN
%A(cﬂl( u/ Erpe @"!“r“““’t“},, f{?"‘”":’”y}

= rl., ;) =0 - y“{lbf( cds .

) ) = 4 (p) = ol
L (=7 T (p=a
€hen fw ca A PE;‘H' €here ex3%s a ehor? t wiliud
the exlive rqw'{'/ omd psmln/m(ﬁill Vows shes ok p -

r“ ’ frJ bl |
wduce (oviro !
5 mpneAhedss osh :

W‘J wau/o( {ovsv'm mu_‘,fm.wtfc%?

Pirsa: 23100023

alony £l padpy A 3frany i 4,
et g poe e sy
ek Ao S

TLM}: -JM yoo&u‘r Cafs, }(O‘GM'-’S

{A rnu,‘ p are van-"”‘d”;
g (s ¥amt u(é“; {.

0 Does thor amean F‘.J'(,p}:a T M!

Aés{vadf a@w&h t;{ _/-;rfc'm:

a /455«%? f‘ and {JM l(.m,.f wolos ufpf/b'r:

Then, the Torsion wap v o‘}knlas:

T T, ) < T, (0) = Thm)

T et 2e U st by ok e s fibesioms
prtiligm ot by ([ 1t (s ot olse.

T
T:-¢€.¢, = TI.€,) = vr,i‘vrﬁ -[5.1,]

Lo poef A s, fae e

H o wsed 4o define the Tovsiom tomsor | T,

JeT,im
{ATW;L:

tont. ranld

l/.ﬁwy. = cu(;r(f,,r‘)J
e Trvmolion 7 el
A Mt bl v

freding £ o3 b

a (02) i Jiebdy @ vesmba,

(—> T(w.8.0,) = 2. T(8,5,) <R

6—?;'(.‘_1

ET, (w)

Page 5/12



File Edit View Insert

Actions  Tools

Help

So,

(ompave
r

=7 J"‘al{ -U e é’v!fa’w vanshe £ ,.‘"

Qb oo Lraiornms
wny kbt Covsaomm !
é‘i weon thekiss ush

v y T

= r:,- ;=0 - y.u(cv‘c eds

- A
'I":{‘J—&

€hen for ta A pEeM love existe a ehat v ol

R
J 2

bhe enlive ’.vnw'{y ond psmdc/mlj.c/{ v shes af p
r . l"p_] -

W‘J wau/( {WS«M el , ré‘lu‘i'td%?

wntb 'p-w'ov oéﬁm&a-n

n
[

Pirsa: 23100023

(‘aau covonical bases w - .-i'r:') 7 :g} , 7 o2

~
2L ox

T = e (T122)

. @ 29
R P
¢ o
o a (5 -L2)f =0 v
R N

§ Sharing Desktop

N CIE T,(81) > Tr,(u) F"“I"“‘w--ﬂ;ﬂ'..‘ﬁ"";““"

f“"ﬁ“\
T:6f, > T.0) =% -0 -[5.1,]
foo poef A s, s S

0 J{ o wsed 4o c&/«'ﬂe the Tovsiom fi«sw ,J,

T eT,(m [
ELTW;/»: —
> T («.2.1,) = {w, Eifi)> R

T v

= (ris,5.))

Comtraotiom v eles
@ e B

Jecding L o § ) 4
Pa (12) fusn Frebis b ‘-—Jwi

Geo smelone Insorimy of {ovsrom 1 Pav-‘l&,&ms woudd wt Lose !

7-_\'«-4/ {-"— P W/‘M {esianm & o T e €l vd o‘-'w-‘v'oulm/
Com potwt wntd 1l le4.@.. ﬁd‘f"'“’ x"ﬂ?’g _1:’"_— ('*ff’i ?‘.)

?__;j;;,,; z, 7 e 7;,’{ R,JPWW{-..:,@.;.- vy V=0
? |7" g’ & T,, j [ b

[ ; ) a o(-f "
P oo =1 Tty v =0

OB T

i
f'{n‘ ) + 4 J ./t./ma wse Vi “-{J{:?':

—— A

¢

{iftlll* P{-.f.__’ , {:

x
-
~1
—
)

X4 gt e " =% 5

(Js.«i;:

Page 6/12




File Edit View Insert Actions Tools Help
L = " . ! =
T J o, = 2 (TE L) ., Frp e | Rendl ol Tmaipets G920
« : .' /e {eT. b b .
_ ﬂf ‘i ?— s g s b E s Tadoa, 7f “? cf‘l) L ai .‘L) 7 =
< (’T(‘ax"aw,‘]> ( - _ ;_f*% 7 eT, 717""(')' T b
- k 2
=df e g -[2.2.1> N
Py \_W _z
LS 22 .3 2 W ) g’{r)-. N p _
Tt s M e el K4 fk(x'+?'} 2 r'((}+ ;’—;f‘J ./!/awu.u visf, :é':';";
=&, P& - &7 = M8 -, = ¢(<)- Pl 5 f
y b}
'T — e — v W — - - - - ’ ;-
17 i r"}*fﬂ;, | D s Xeqe g -5,
4«.5’“«5% oo : (ds. of w: x4 ¢ v - o d Couvvalure:
?T»w.n.’ |

J/ /45&«%? ﬁ,f‘aﬂn/ {"M lt.n,..f w./.v’ .,f’;s.ﬂ_
= (. o&d‘h—uf-a u o b {r'(‘!;,' . f"’-}‘_ljy'f' = T;;?'f'r v
d The curvalre s p ,J?’{n é;i-u{ (4\*“;‘:

(v"ﬂmﬁw‘: L'/f ‘-‘(; 7 E Tl em)
¢ (x's ) 2 fHe)+ ;’:‘E () = ¢'()- Pl 5 R: €.8.¢ - gf}g)fﬁ{?.‘iU'r,"r,"’am.;)fg
Koenr <%

r [ 4 : mip, m e '-'fl
f‘(('}~(:,"fl_ ¢ 1":-)",7'5’) + 'L, a J€ defines € he P gy epye— R,
o b ke oA and S e & yicld a ke n

(l- o . } & ’
{ (x) 7f_,.+7 {, . 'Q£T3 (an)
{A,..,,‘_- . w(Rit.e)5,)

thar & also:

"

Thuws: od -‘hlhdﬁo—n{o'.:ihi |
ST AT aEDR o ERPAE oA B PAEY SEP 2R SLFETN S BB 9% « ;
(Keyreg -7'st +3'5%) P/ AV AR S SThS B1 ) T Q(m’f”fufi) =w, R(g,.)8,> <r

n:/

Ru.t(u.f.;,.a..(.-r-7,g~?r¢'7,f)= V. j’—v;-;-ry,ﬂ .

Page 7/12

Pirsa: 23100023



File Edit View Insert Actions Tools Help

Lo Saal o o 4 -r

‘?‘(h?’}

ia

+dri“x oy ) AL
)+ 26 = -,

7§’

orste: U Pk ) e S
= f.i-':.‘ J N ?'ff, 4 ?.f‘t
Thuwo: cd Aritane w 10 a at

( B o 5 e A
(e g'st g T -1
Recold lick e : T+ 9,4 =2 Tly,q) = v?fn:i? —[+,11

Ju a c‘a-ff:

RI’” :<&"1 'Q(;

-t "‘axJ

:<niﬂzf%%
% -2

:<‘(‘-i V_’_ F'rf‘.
/—/Aﬁ_\
x?

' v -5

- }(!.v - wg,2 T ! ., I s .

Pirsa: 23100023

T; f'S’;:

E T o)

R : {.5,. ("’Q('; 1)8, [?‘% %5 vl(m)f

»ﬁ-’o- €

a J{ &MS {‘e o«-rvnzarc ﬁu:w f?,
o« be fad e covide anh S vedon By cdd a wnsben
R e T, (m)
[‘v'-,‘

R(w,t.1,,1,)

L wlRltgye,)
—

1<w, R("‘.-E;J;,> e IR

[&wu"u-—c Cnsov s 11 fa paamy *
L 4

:<4(-,{r,‘j.k TS RS S A Y

(ﬂ/{ ﬂ\qr—‘-lj}l"d‘h'g cds ﬁ? [Py ‘:}

J‘n ‘u't"o'n:
0 Comfouns dovimlinof 7 =D

[

cufnsus vawalbion o r«w'{-f-'m-/ [wm
=

a expresses the S{m}“ and duvecl on

1/

01 "(ﬁ" «’..fffwu.-,_

écamctx H

a C“/fV‘t"Vf (XP‘H'SSPS norco mmu‘l‘-'f-v-'fy
1’ fu.a-v Paﬂh&( {mlfﬁv{i, M‘Mt/y.‘ /N

Page 8/12

®
¥



File Edit View Insert Actions Tools Help T — . e
L_:—w\:- & Sharing D P sharing — T 7 7
— i((-t Vj_ F, 2‘ - V.- r‘( 2 >
€ VAN LM 0 expresses the S(rfm, th and ceveclion
N A
={d«’ (r). .+l ?‘ 2 10 ro.r*2 "f “Uodol [nvenr.
- K "L ,_J‘._ 1;-' - ."‘, - by ,_;‘—‘> Lo - f;wu.-:_
_p - E— Ceormctay
- .I + | ’} F,‘ - r’ . F'l,‘

-r -
FIL kg2 7
\\—’/\/\” a CW!V!tIT( (,XI,WSS?S nonceo mmu{-f-v.‘fy

A o dore cds vomas b
( g of 20 “y ) - q tor Paﬂm fm:ﬁw‘f.i, Mume/;r:

onoj 4 Reeee (a(u-fa'{y:
a ASS“‘M( 1;,7,1) ave vecfa ,(."M.

2 D - )
I'ropah‘ om: (Kiced Jlentety,)

ASSLMMQ '{L! {afja'a-n UW}‘(; awvd

élm'[{g' o a vedov ;‘e!.(_ Thea : ' 0 Then, Rff,);}d = ?2;(?? V)'Vyfvg v) -?ﬁ,ﬂv read's

Bis.- VIH: F?,‘J.._fv‘,;”-]: ?'- v_lﬂ[";a]‘f’;:'%, "

{ jed —( ide - R{‘I’é f' - ‘ns:‘s: E.“‘.fi{‘v‘: (-.):_; ?‘)“fr-{vtaf‘}”?‘
(i Foet = e o) eng,

uned Toviem = T(¢,.€,) =9 - f -[(,.4,] =0

fa b iy €o dinmave Leranin watd Tt,&wlx;:mum‘
RCM.-‘: r—((..,r‘,.,m.& by Sbnt o b boiny } T riq1-g7-5s
J¢ h--r.ﬂf.l é‘d Iw p-—-.&.!{v-rrn‘ . TC"‘hﬂ C‘-nal:

a,{ou’ wpm{rhmu( pavuﬂe!a?anm: | -—_'> 2 L-tf.?(u‘ - {v.',- .= V',r,d') fr?(
(g‘g]': ,7"v‘ Rth{d’ ( [ lvue Vg"? Q fz‘h“( \)J = vﬂ,‘;’ -‘I-J-Ji‘ |/

157

Page 9/12

Pirsa: 23100023



File Edit View Insert Actions Tools Help

(/uﬁ, {1“}-“{ = j‘ﬂjr,’v{ efr“)

abd wisiz (o dinive formars watd T-,lu nJu-.‘u...‘)

R(MC(‘I [—’*(c.,‘,.,,z;.e by Slmatm Loy bon,
e J¢ "““‘P""i é‘d /n f)MM ('o-lrnf

N

” \ v «D* o
($-¢) 2 2"»' R

T‘l e ”B canch Jolem f-'&'esfi

a TA!}G—"( a.u{omﬁ'c w[i-t-‘-..sq......’ tovsionm
awd tn-.fvut—vr, ‘)- coms bl o .

0 Prc a-vu‘&w

v [w 'mups,’

(O-lﬂiﬂ‘l(f-v aan ﬂw‘l.{v- ‘I"y }—{M’—/&MOM 40\./1
(e 2 Teton o vt -..',.)

i f’lmi-. «f — K(f,..,1,)
L N~
gt Aoy éam;,.._;l.,../.u

(e, o eadd p €A

K: T = T’

Pirsa: 23100023

alo-.’, Hpm {etiomal pavaﬂelvr-m:

a “ b VT VP FT Va5,
= - : L w; | :
{ jed =8 ide = Reas € : vn bass: R € T‘”‘: ol 7‘)’({ Wanhe

- od < of ¢
“’.d(?uf -7
W
watd Tovton = T(C, €] = w(_f‘-v{‘f' -[t,.1,] =0
e f{,-?]:q-z-v?{

Tt'ms Cﬂ-ﬂﬂ[! .
___> 2 &:Jf ?’1.1‘ = (1",4’ ¢ -vtg,.() ftri
KT-vut VC;\Z = I?..,‘- S Veh -V \/

' |

(R M(MVJWKMG{MS‘»KET;!M]:,

(8 e i foo Rad T)
*m!me[; :

K(w,?, .€.)=w, k(s €.

O Mow Lt the wradd derivitive f the busor K defynn
£L¢ Adevivale've 7 {he 4...,, K :

w (G K)E.. £.) 0= gK(«r . 1,)
~— .

\_/—'ﬁ./—\__,
WMJ [T O(uqu«x.ft-«
?j L (l‘r) t—m;w
I«)L“ /:,(W(_.w:)('vl'w.(m

s L'VV\H,){ .
Coveant elmavafort

1
7’:1 ap k r'l",w;"d?}i-}

VS(M’ v /m waf:

Page 10/12




File Edit View Insert Actions Tools Help

0 Pweaw-fv'a-u: ‘7!0'( ‘maps,’
(Wyb(fv awm arhilva vy ;(M}‘/&ann “t/’

O Mow Lt bl wma!o&ﬂ'w-&'vri the busow [ aé;‘,.‘e

(P - Teton v Lmtat amae f \ o
K : f‘xfli, < — ;«:(r ) ) | <w,(‘€7 K}(‘f_,.,j’v;>:: I%'K(ﬁ-u,f___ff)
N —_ lﬁ-ﬂh_,,r- .
E»-:;J.«“‘m é“"‘"‘}“‘"‘“"'"") . tu:v,i:::ﬂ‘a(»a o erual cov. ol s
(oo, of cak plan 7o e K T T ié‘“_(i.‘c’iﬁim,m
¥ ?:f&nj-r - T;f.{,qjl | V;.«'m’ v [m wap;
15" glhvcﬂf ]a(ﬁnﬁ'{y P-roJ 4 15( 8(-«-.‘(: (assuwﬁy a0 A5 o)
2, R(§,9)v = ST(T(5.y), )% 3)(7.7) 2, R(£,%)»
7 !
cyelas Cyekae -xui-/m/
Jmo{alj M""“‘T
J"hl‘ Bthm&‘{ J‘(‘“ﬁ{v ) | (Uf ,. {) v ‘;;E“?]v + c
= : [rbnly Loty | op by 1 cyoticnts

| . {V”'w? = vjf*'ﬂff“‘"
(o7 § , P+ T v = ; } i
2 (Lw( 2)(? ) R( (r"’?)‘ )> N fxr-ra'sf: P‘vow {14 V v-y, 7 [7,"] 'G”?!)

f,r‘&{
wiflout Corsiom |

wnlh aémuw; erp,&/catw pm case § = o . . - I‘? u] [? J + {‘;..-(,dqf
W

o b, O ] oy
I becanes sguintil-via = (a,b]

/Vvt : TLe; ave aulo m.fn.d; 0‘!]"‘ t’.-.f-'u..c, ,'u;f Lleuy uf:{ L..-r".fni ) f\_M
obeys lhe Jacob idenbty wid serprct bo [, 1. Jndeed €hod s why: —~ f v]] cyclie

Page 11/12

Pirsa: 23100023




File Edit View Insert Actions Tools Help

6 Sunaomion oo
vV -V v -9 v 4 ol
Yl Riasctr Tttt (% Uy -9y 7 ) v = G ¥ + crebee

7 Lr‘r‘p‘,iﬁa&hﬂ} Ls‘a'flyl céw&(o&}-

g ((VE R)('?:""‘) bl R(T{f,?); 1:)) -0 B qf(v?v 'v*?) - V{},,agl,’ + cyclee

Cyulac ;X"Vﬂ"‘{.’ ﬁ‘?::{({ff‘w{ . VTV-V"?: [7'#} Gatyl’
I't : TA,; are Mfomc“r-ﬂ’ 0‘!7!" t,u-t'n-;‘ ".-s'f“u.., “’f“;-’r"‘"" I becasis pguimot vya = Ca,b]

= fm + (?oé'c

0b¢y$ 7% ]atd‘-' (dmbly w. li -n,mf bo [, 1. Mdeed €hod s "'7 !

=0 67 J.a‘.‘ ¢'o(m6'5 /-v all L. m?I .

Recald :
Ass wme A, B € ave Aua,»uuf! Vv

Thaa: [A,[B, 1]+ [C,[ 4,817 :[8,[c, 47 =0

J.e., {Le Jaey‘f J'J(ﬁ"'b ‘n’ft.

Pﬂ-j: fmfé {fod(nwf Els (o mmrmnlaZors.

Rermark : Tlas smeans 4o, 1-}.,4" gualusm s Aawie ¢, ald Ly s £l
Thas = woly the Jrod that need to Ao wpw:ml‘.“ an aru-dhu A the ermu

Aoty e of T

o of Lie Ahpbras. s il Jaea‘-' c‘d'..b%,r. » ’,eq.n-d‘" isgnmrfvv'l.

Pirsa: 23100023 Page 12/12




