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ohservers |

The weclk eﬁw\,.&mg_ prines PQ& ) mFQ’f dates that mev kel ancl

3@@%0@ mesSs are equal ,

vevified to great cccumey . Eotvés (4903) lond
ESt-wash (4932) 1077

Fev o 5'y¢5i'fm O’F N PCITF‘C,QQS Wz{"’t mobeal /’.).Cfét‘rw;‘SC -,gzv‘c@s
o e 5 BlrR-5

Mg =) 2@;?(’(" =)

With o non- Galileoun coorclimbe trownsh. X0 5. dgt? T get
ot — 2 *
mc&-—-x—-q = Z__. F(;b';Q)
b#c

T bhe pew f“fame @KC@’—QW‘L{:"’A) e Couws of medhanics ae fle
same bt Heve 1s ne Sravf‘(y, POS’S;bQQ_ &3125 /S (_)w;vgo ron
:Dﬁ 5?9 F)/ theve ave P&&:\CLL@LQ hw pcr‘cfc_g .
Obs. n Jree- pe&Quia) Lorelor sees  objects mevivioy fowcnd each otter
Ocean bidess ave due o inhom . Sov-mogin G- atiechion .
Also, ein SR =thev fovces centribelz fo mass [ bundiva @nergy) ‘

Db ﬁ/\Q?, (p,n{‘&";bu{'?f’_ QC[LLQQQ7 b ); ClIﬂ.C( qu

Yes, auecardivg ko the So equivallnee princple
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bt:vb‘:ﬁ QQOUU\f&QﬂVl(.{ P"MC’“?QQ ot @u-&v\( .S,:qc_a Hwnme - P““’"‘t_ ;Vl
oLSfamkume P‘ eQd  there is o velevence Pﬁ:«m-@, A which
W & small evouajn vesmv\ ALl s of phylsics  (educe te SR

This > allled V’Zaca;@y merbal Peame ™ .

Tw a Sma.QQ t?.lflwf)\'\ u’&jcon 3(&) ~ Con:;@qm-f f;‘dQ,Q #‘DVCP.S ave_
ot second orclev. L°CQQ07 3Yc:w\(7 an be erased .

W vaQ e M ﬁ@mef'tf&r-QQy s meany {"/\:{[‘ S/DQCC bime ug Qﬁ@ﬂ‘lf
Ma’r On Qa ey SCQ.QZS CV .rvc(,lmr‘@, oﬂs vae_ mcleces Cac&@mqu 3

\)U\ff H/'f_ %D@%{ n«erh@{ mee -Tl_ _]J
Gmu(lmh\oraQ (’QCS\M% E;E;ﬂ p _,
& comscqueace of EP. = .O /

two rodkts with corshal {
Tw\aﬁ ve b 7;5 w B =7 acc, a !"“‘"‘(“

Dwvw M;‘—:_éj;- 1

z/c

ﬂ» ?\,\D\DV\ e,wut’r@:[ b?’ A \f‘ead/aes B C‘-P*{“\“ A't wihen V’eQeu{y ha_s

ncreased b7/ Ave alst = 20/ . :I)DPPQQ,T Sh ﬁ{; A;: AU o

C?.-
A'Cco EP Vldxs*ivau shalble p(‘(:m
we lf\ﬂx \/1](_, b?; in Qﬂmm(*q[‘tanqﬁ
od m‘ﬁ" A - b ()

Ak Bne tower's tep, vedls avzﬂnc.&tr and ks ave

<lowsev!
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Need a mathemelicl  strocture to describe corvecl Space-+g
WQPQQCL\AS Yok Mivkowsk:, which 0 Mpoes Dl * Mindlowrstus ’
,Q_@CC?_QQV, This s what i3 cald /an?fcﬂd“

torws _ q
- enh L emksn
Tht s NOT a0 wanfelol .
X I'{— Gl’lcthC.S C(-L‘VyLémS]‘EBHFJ '
A h’lan:‘ﬁ:(ﬁ( 'S o set M fO\S)fZHler with < set 0’2 c;lfzar{\s (or
ceoydiviate S;/Sf'f;mf) malof?: V?3 it inks !R“/ which are sewn f‘(ﬁ&f“,{\e(‘
SMOBH’”Qy' Thes ﬂ/\zé CO&@QC.( an //QK&‘S“ .
ofdrarts
M pﬂ“ W-~cumem5?cmiﬁz Coo Y‘@QQ mam‘ﬁc@;[ M&JS o3 se'f‘
Cogether with e colllochon ot stbsets Z’ O"‘S sl Haarl:
,O each PGM s in at Laaxst one SN (E.e,/ '{O,JS Covev S M)
2’) Ve Ehreve s an invavtible meep Y O, — Ui cR", where (j,;zthg-(og)
(H\e magye A Oo() IS an open sobset crfl/k“
| [ the poie (Ouc‘,’l.Pp(,) 'y calld a chcwﬁi%or wovd. 37::,!%»7»‘)
%) e ewts are Smool Sewn {'%EH'GI’ : A b durts ove-r‘QaP _
({4 ONOpf © ), then Se=U(OOe) € Ue axnd Sp=s(0eOp)
Cf:ke_]’ma:étfi cf- the \MECU%:,CB\DM arg UPQH_S{(\S., concl Hhe maD
@ﬁ,@q};)Z S.,(-?.Sp is :g_____ (E\r\.@ sk {(Oac,qﬁ.c)f; isthen cedllecl an ci_&éq_j})
charts compabble with .-

'
ava 3) ~

Ta shert, & menild M s a set
withh o Meamal atfes mcapp'i:/:) + into R" Sp
smocily . Fadh porben O, cM ﬁocaQ@y 7 Pooles nbee IR

gThe atlas gives M a ch‘%\ewﬁaﬁ structore (here, Cb) ivherited from R

L) -Ur\e, atlas 1S 'rﬂax\m&,‘g ; Bt S,
X conteuns a® Possa‘bﬁe.




ExamEleS {_:(E)

C R s o menifeld, Conbe cover@d by oo shnale chart uath
4 as map. However , we can oo choost anstler cooidikate
Sys'{'ew"\ (Q,a. 3Ph€r;CQQ ('_OOV‘C{J‘V\C{_[?.?S.)

.5 (civeke) . The map y: S'— [0,22) (angle) is NOT o good
Mavt (w(&) most be OP&«), We need ot Least two charts o
coer 3. E% %Wt{’\n 'imctcjes. (0,3%) ‘aund (—K,?t)

. Sz(spheve) 2 N&fk‘ WH"/\ ong. C‘J’k:z*r’t‘ e,}H'VZr CCM ose Stcmchm( P:Q:er*
cco‘r&qul”e,.S (ﬂ, C‘Aa\rtS) ; oV S‘|X inzmisfiqer (\C: CQ/}S Oti:= f ( }(/'txixj)esl}
4 x> @5 mo.ﬁ)eci inte the cpen cisk L or 2 S{-EWDSTQPW‘Q ijechbng
' g; = {(xz, X_:) € Ra/ x4 ><f;< 1 g U = {()%kb),e !Kq'jxfjf x_:"</f 3 Uy=--.

Need to cdheck Hut the mapmine behe \ s % dmren |
Yo Coo N ﬁ)ﬂﬁ €€ ’H"Q \VVKA-EQS 0% '{‘l"e mbeyse ch o
J Xy~ Xz
. . Un o 2 a8
Vi - {.xz_» Xt A e C= for aptx 4

Ay ' Aoy
}rom H\L Ver/\ Pb&/ C‘cnd

: ‘:} 14
o Ceoms)= (21, )E (/2) &

. /

x5

Fovr tevee jvap\mc f;r"ojegkan : ’ a3
p )
) . ¥ .Kap- m :
am(&x@,%).- ( Ix = Ixu >£ (tye) A / oo

y 2 -
Checle Haek it 15 qsoecl cd-@;s (C"o) ot 3)

(2, 2) = 4-%3 (v, v, Pyt 4084xE) | 4 (Hexs)
A ) 4+X5( /\/) & YatY, (’i-Xb)L = —-——-—-——‘4-x3 Lt

> xa= YitVeh xd = (Z,2) = L (¥, ve) Q’ﬁ«yﬁ O)

YieYe + 4 YEYE
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Tn GR y SPCLCE-HMQ 1S o Q@vtﬁev o vechkor Space Qe M’!"&OW&&:/R{
Egq., on @ sphere. | theve IS ne way fo add two vecters  or muQFz}?Qy
by a salar, <odn Hot e reselt s =KD i Ahe sphere

But we chodk| recover a vector space structure Qéy_,a@ ( oo
Locay , physics most be SR i, -
Tn SR, the vector space strockore of ”—ff‘, /
wees mherted & from Sfbace—lffme ( @f’aﬂ{gz«zc[
bas(s égk)) . The <eme woolle P@S‘sfla»eg ,\#
mesicfelel M is embecded i IR™. Bot we need itrinsit mebhed.

Yoe M ,there are curves geinay Chrogesh €. We can define 7>
', 12 we Kipow hew 1o Compute favg—cn{- veeclers 3m+h\,@,‘©_0‘07 -
Tn 3R, we V= E;l_i‘fé(/*) ~ In GR/WQ don't

I .
hviows é‘,(/,q ~ But we con bl lgrechonad
C[QVSVQ.HJQ_& . f

B By Porctofin 4@ M R deines 0
PunehonFedoy s R™— R thvou the chart, This fanchon s
now didfeubable (& imherits R7's siwcme_),
Coclh curve throssh P o M s wu}:gpeci e o corve )&'@\) R
A FOm) = 2F &
dA

M d
p sl comn Rn) e dE L TE| G2 bk bot
' dm ~ OXMIRK dn)

ave ovoleated ot XA L xAa 1.P(}>) Hast s ?;_E._! . The two
\] %K’/“F

curves ave associaled to the derivabies d X2 ecundl

d_dFD | Beth adon eyl o) o e

o . OX =} on oY X 5 , _

fn= G o Y7 LinearBy ;g FrbE) <

o dF . LdE  wiere Ggsaay"’ - aud a++l>6=@jl+bﬁ)o1}f .

i
They map A mto R
We chicose s as defrathion of fapgent vechor.



Del The tangeat space Tp is the space of all dire g | F
devivalhve Ofevub{“s O\.QmmB corves thr’bu&]r\ P,

Eochg diechowd dedvabve 15 a vt vector.

_'J—Clvlgjen!\‘ vecey U S q Qﬁweav‘ WL&? v ,):_-——a R (wlnere ‘F s the
Si)cux oﬂ’L Cﬂo ,PumcHo\ag 4PV‘om /"( — /R ),

Bag?_s 9#7} : the partial devivahves @.« Qe dervadive oﬁemt*oys
O\QDVB o curve m whidh Ohgy one x* s chqm:jimj_ ﬁey are.
thos "tawsem+‘ veckors . Since each corve ﬁqmu&h
PE% 3 QXPT essed %t CODTCLL‘VLOJ'ﬁ.S/ Ccechn CL':U"ECHO‘-’}QQ c[er:ual-{ue_
‘o es Hae Pwm y,ﬁ{__: %% . "HCMC{/ (D/M 'S a basiy ot& j?’
(caled, comrdivoke sl X
U:: "(}'ﬂ@a

Toch vecter el bhas B &Fws&‘cm
2 R
Cowy:onem’hs beesi

T corved g & ace  Bre set $Out of vectors  replocces {@;M which
r / o

we used i1in PQu‘- spoce

Noke Dt some texts define  tangedt veckers e directly

ol %\‘MQQV QPP'?JL\COL"I\&WS >y Fram IR )(6-3. wald ) Wlxﬁcl/. olse

obey Lelbmta rule - |
g o(49) < ApIvis) + ¥ ®s(r) |
T'/IIS dﬂ%vn HOV\ ;3 ccorch'mk—?hc(e FeWC'(Qh+ ( moere. eQO_(Tmn{‘) L;u}'k‘

Q,Ciducz.QQ,vft‘.
Transfpomalon onder coordinale chauge . x% ' (g )
.('_

TZ;T* 2?51}:, (a/u7 bot V- most remcin g2
x* |
: i i i
VA D W )w,g(,m z
ot

= ﬂ@: ﬂt@‘:-\/ﬁ_g_g\g
V-@Vo. - Vo S ~ O

@'EW@V‘@QlES‘ 'H/\L hﬁa\’lsg Y’LI:QQ O“P— VJ?.CI.'UV_ msig\_s C{,V"\C\ COYY)f)owatS
Under Lorentz transt. ™ SR, :EE‘ Al /\f"/«x/«, Hen %gu):/)‘hé\g‘

%_);;;‘; /\"}L (dﬁr&&) _ g“‘j‘: (%)’A: /\’M.’u (('l«vchsc)
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/l) Lorentz transfermelors have o SffC‘t\CLQ rofe 1 OR 'H/LQ)/
,QQQVL JCL\Q mﬂ}ﬂ(‘_ aV\UC‘fi‘:G‘th ( Me)/qr‘e &Symm€b>/> . Gemerfc_
Coorcbvw“&?_ '(TV‘QVD% 1% GR CJ/LOLVL\SQ tHe vefrc . {_D)u’(‘ e WL'&
Sl'u-‘-ky ;saw\gi*n63/ whichh clo ot

2’) COW]/DDHG"J{‘S oﬁe 7); vechors Chav@e f(p we CI/IQ@{ = beus ;&0727};
T opveeld ot ivect CoNseg Uence O@CWW\S{ O’(Z\Cmrdg :

B It )’lét}odgems i e chose Hae coordiate basis. E%#S‘
idRe We covled have cdhiosth a d\‘%"tfﬂ{\ 1’30\31'3- |

Do sphere S with (©,<)

j) Every 7} 'S ]'nc(ef;em{gh{- #’Om tlo sthers , Mo onigue
Ccowl{mlre~imdff, w-&y o«f— r@Qg.]:[’VB 'U'e'T;, ‘o We"f%

Tw 5{9:#& cafL Cast- ]Cb\m'i‘ / we can N, C(Q,étb—a a veckor 1@4‘@&/ o’m/{’f
%(—\‘c;e—\/EC[”OT‘S /U-//-_, 6_7; VPGM_
The L e feld & smesth -

@ Wle = (C) wph(d): M— Ris C~
. \/C,, C!/[Q&CS\VIS ‘{9/:& as 19&3:'\3/ f# Vv(X’h) ove o

/ Duel vec&:)r5L

asS &

As n Minkewsl, a dual vector coe'?' s 0 binear map wile — IR .

The vecsr spoce 7;* ot ol Linear maps is the caﬁs‘%fnr‘_%pqg .

Example; gven o Puncrion -,ile}:/ Q\e Sfadfem—& dapv i5 o one - ferim
to each vector Ehe der vahve 072 41 a%ﬂaoi’ veckor,

ass&da"\“ng
g MR TR H)= g5 in M
The aracuents o 6’1Q Hee coordiate %wcﬁ‘ows M ( curves' where o»«éz
T

ehe coord. (s chaw@‘g) are a natwel basis cqﬁ lp

dx(8)- 2 - & | (2 B 20)= 8 ' SR)
ba
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Qvn/ one-form o & T is epanded a> o= @#dii

Cemponent bas S
. T)']Q_ axcton on -'U‘ETP poneni

V9 ' M
) - b (0R) - TS
el mostbe mvarianwt | This }m};@,‘e_g v (ke Minkows a)

S —
A . M (o.M KD oA
\ AW 9)& O [ se thett QW = L > cuncl de o dx
it
For fre 3‘”‘1‘5“\3“]‘\ of = @-‘ﬁ: dx”* Hvado\r 13 also

@;{2- e dx’*@ L A L ke
CHL d )\) X ( ) 8)(/"‘ el >\ d>\ S;);;\w) - C&)#'I)'/Ll_-._(,\)(';l):

/ Teusar S k -
Bame as Mindowstk:. f Gensevr T s e Luvar o>
To —s 1R (venk (&,9))

T T Tl =
k 13

Can be ex!:-awckec\ S
ToTHA |, Q@ Fm® S - ®dx®

i)
Oun.c.\ ’(:tf OLV\.S«POY'VVE;) ondev c;l/\avtsg @,.{L coordt l«a{\es_, a s

1. V. JoVED
PR B D T
(ax}".d QX 4

Also for fnsors we can have Teviser ﬁx&(g with Cw’\/D v (x)

(?C’S‘h“”‘ C@Pe“d@n{‘ )
ijr cost clavakves T We have seen a.medx/

- Ve

OF (der o%scaﬁa)

— L = 9 / 9 ) (ax/‘(ax (oY)
- = 3 O X D3
% @Aiw X/M ( )i’(/(_) )a_ * %@xw v

sfemc\a‘rd f) ece 7 7 ?

m extva Paece, vovishes pt)\f LOY'?-'/&%_ frans Pormafqomg (COWS}‘QV)E /\-V: )
Lok ek hece . This is becavse the basgis at x* and at x?+bh are

ot oQigned . Tensers b XA awd X b bsform fferentlyy

_ | . D (B0, -0
{—{OWE\/&R . @ut(,\_)‘,: - @y‘{'\?p’ = (-é—%;“axv ( /A)

The exdrec ]D ece 1S Sy"mme-fvfc_ andl camcels




So - Ehe {hr}(aQ cerivabve of Q_AWSOP dses nat TRuagerm [£E
Qe o (K&, Qed) Censov. Mo'r‘e%e)?)mcféeﬁy/ b sh@ s o tenser

Bk Bl news Tl 15 net the Same as B (e transfl. of the ofd

ckevif&\r:ue oﬁ.r&.‘wv—) when & acks on non-scala- o-b\ecfﬁ,_

We will e meove about covariant Lovivalves .

Mes xM s NOT « vector: XNCX/"‘) 7L %ﬁ; NG (uw@f(e bor Lotesitz

bromstocmalions) . The cortinate hand o> non-fear.

Howe\;e\r‘/ {-‘)ae QX"@\‘O\(‘ dﬁri‘\f@h‘ve C?‘@ Ce P——porm k@@c( "9}{4‘_7“?
CCJ’ ﬂ)/“d = Mpr = CPT /{)@[/"4 H/M‘?- "'/uf’rd_]

CEcEa-QQy Onﬁ'SyrnmE‘\‘r'{ zedj s o Sc::cc[ teusor

E.q. e EM }CQQA Sf‘rev\xf)t\«.,
‘—’Emmég - deseribe R* with v anel 2= gty

o
D s #@) 0 H2)-O

3

D D of y=const 2 ot 22 const
. oz C @y
e \\e\\T\V\ e
@,
E)rr:\.ml& : 5/“»' = é?{’*) (O/Z) Sevsor o .(X’ )’)

Change e é;‘ 71”7/2
S- Sﬂvé br@d’ - (x)" + xy)*

e [ B s (aty s
7= )

I il x!yr
Sf""v? = ? 1 il)
» \/' % (4 i’ll\[
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3/“” (@}Z) tevison COWESPamc(S to /Y')/,,.y i MI\M&OWé&lu
PrSSumed e b¢ vien- C\Q_g(hercd-e _(def(guy)?[ ®) ) .
o(v,w) =0 VueT, onQy il w=0

Tuverse mehrice : o _ =1

?v se - b @m}) " er_%feweﬂ{" N

w;l |f|4?- VTO\‘&\'\\DV\ ClS :&ydxﬁdxu ;S g q: 3}1})(1)(}@0/)())_
¢ s . -\ 2 (2 2

'EK&W\&') F\?J W"H/l EQCQLC(QQn Meﬁ'rc ., C{?S = C[)(z—r d\/ + clz

Clﬁgw&lmg = SP\” ccorcinales - x=rsiu® LG_S@ , = (Sjmﬁé"f‘m(f’/
’ - = e VCQS@

clx - drsinBcese ¢ rcoxPdBcasep 4 rsinb singpde s dz= o
= c[s'l=d)«7’+c[7‘+c{%2 = dr?+ r2dB?, s dep?
Tor a spheve S% embeceled .!‘h R (-r: A) :odsts dBy S}”zgd‘fa

Eocidean : = I\ ¢ A o
Levb{"”\ o——P cuvve (t L dast ) % a4 jo!,\ &w%i{i

IV\ GR /(.'r)/m)_-—) 3//“)>; AT. = jdf\l/—aﬂ&ﬁol%(i%\y (’clmeﬂﬁﬂ:& c V'th)
Qowc\i‘mg cep. metric dees vust MRy cervebuve . Bt tle
fes opposite 7S ErvR.

Sy@v@krls theore m (or Sy\@aea&rhs Lo, ¢t ?ner&‘m) .

For A/ symmebic mateix Aec R theye is cn mverkb @ metnx
PQ‘RMM <och Bk PTA_P - D ) wheve D= chhts(h’f/...i*’(l"i,._..l’(, L+ J, O) g
ond t+s = ramk(ﬁ) eK) Vt?/ 5

The guamhb, s-t is called f‘az_;sa‘gmamrg ot the madric (5amd1‘m5
wstead the SE)WQHWQ IES Cf:, S')).. .

TL the metvic is everywheve combnvovs awncl non-clegemm[t
Gm\/ev-Hl:ree)( than ts = h and te sigualure s He came. at
each Pe,&(. T+ is ceovdinate. - imckefemckgn‘f .

O v s Buicle an (O Riﬁmmhm> f—P ks P::sIHV{ ded. (th_o)
Sy < Loventzaun (CEF )’LS{UC(&% P\r"emamniq,,\) {1[ | , s=n-1

Tn GR, Lerentzian mehic (gbwalure_ C'f,?))
(+) P= ON™, with Oe So(@)  and A - digg™, - 1))



At each peM we can cheose ceordinates suck thed s
po(P) = @ el Qugpo| = O

C bhut we st hae Q%3955 ’“”7! O

This is & EDCQQQy ekl frame (so%oewwy smalll vegeo

welQ describecl b>, SR ). Corvahure ((and Sm\né/) (s encoclec
M the i wd olEVtValﬂVQS ( R:emth fQVISGr)

S&ef—cﬂl cyp2 roo{l (54&& Schot=z [Dég( 14 9- 45@ QBCQQ ,;Qea‘f\weﬁ T%_“)
CJ/IQMSQ, o%@orcltm‘l‘ﬂ «P‘“m 8{”"2?’!(, x//i = x 3” _9}( —_A%v @e)

xtL 9><

Tlor espansion [ Jor Smpldly amoud "‘/’G’?“ =) - © )

X’u=®_._,_></:] Var i?._.ﬁ—/i— PP,
P

oOxM ﬂ,?xf‘ng
L | ox” 7 A P RRC - ) eV
S - @x;@x"’? L@x@x"DxPP

gpf = %\}F @53}§/><P+ - G- 3,,[ "‘3/»1/! xP 1 ..
(V]c{t'e_ At Syuv moust LQ exPresgec[ th XA ccbrchm?@_g)

P@%;ng these in (X) Stve_‘s s.cb]ema‘,lﬁca@%
9?+<§§))1—,§< + i@é%?(ﬁ +- (‘3XB0X) (éx(ggé'x +2(§x9§1x )f’;
+%(@X98 Ox + 23%3‘33% -\»2@?}(392)()1;;(;& 4 -

Leadian, ordar = 3p0(p) = o9 = (2428 g

40 equa%ons ( symmetcic m fies O) Yo 46 onbaowns (gii)

C,CLV\ Q,Q_WC\. < bg SBQVG_C\ RQYY}CLW’IIVIS 6 CIQ'P S are ’a&_ -PQ.T'C{FY\E'C,Y‘S
OvP-Cl resxdwa-Q Loventz t\ransﬁ /\ﬂ"‘ (W'md’l Qeaves mup :vwanam{‘>

‘3xf"9x P . X
LxAO Q_ciuﬁd‘fc\/\$ (Syhnm. :m/ﬁav bot wee K) -ch 40 onbnewns B

— 7
Y
| _ Dedd OxPOx” I
Con clweys b Sstvect -
SQ(_‘O-""C’ order - @@Q@%ﬁG[P = r.h s. ' 4x20=80, with 20=4x5x6/3!

10=40 =400 €qns. (S\/mm‘ in /3,3 and X F’) Jov 30 unknowns ol P

ﬁax"ax
Connct be solved ! I The 20 missiny det's are the componen
~d Riemann tensar (whicke descvibes Curvqhnre}
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!\/Umlger o"P ;VLCLQ;PeVlClEVL'E CoMpanew{’S g%k%’gmm,fmsw,
A Eenser with m l:crluQ,Q,/ -:;ymmatvfc mndcced on dimensicon N mOmI»fQ.“:,QJ

Same problem as putting

ha.s (n+m ~ 4) W mele)sencke n+ cSmM Panen'l'*& . m equal objects in n boxes.
m ~—

W

((3175 R! (n2k>0) bnem el ceeffcient

AICA] |
(e numbev o-P Emgcfu[vd&nfw&ys te pick k Oiojéd:; ghm CLSE{\_,;F— N !
o bo ancc B(,Ob:)ed‘:s v h slots )

-

Hroved w[t\/\‘%\m& ’VSjrﬁwtb ancl bay s maH«bd r
(4g)

/—M
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