(ot outs

AL LA

Dt h Matomahiak  Phtliniin nrres
%ﬂﬁ?ﬂéf‘ Af fm Basrc Gﬂcqmts

Al1, Sek and Lik
A1,2, Foanehms
A1,3 . Growps

%gy@r A2, é&}/;eﬁr 5;0&1(6.3

AZ.l, [ ‘/'76’/14.«%& Lery ear gmf@

42,2, fenife- Dmasranal Lirear Spaces

A2,3, Ziner Produed Spaces . Normed Lonear Soaces

A2,4, Lownear Taawstgrmaboms

A2.5, Lincar Favihoade. Dudd Bases . (gvariant and
MAWH'M% WW"S

A2. 6. /ranc/prmatoms c/ Bases

A2,7 tuwe Opicntarfioe Fonchonls . Cpen e Sprees
A 6. %L V&’/‘)‘éﬁ E'Lml&«cur

CAW A3, fé‘mg/, Ohder Tensors

,43,/, %;’7{);@ %Af Jecond~ Onder Tensor . He @Jo;- Hrodud”



co

43,2. fzmd- Onden Jemsors av Fivite - Dimensionnd Liwear mees

A33. TWJdeWJ %&55:

A34. Bawndedness. Qwﬁww{? ; ﬁ/zau% Alprin

A3.5. ﬂu%pgfmﬁm % Sprcl- Chiden Tewsors

A3 b6, 74 /Zwm/’as/993’n / WM" Jepsors

A3.7, Jhe aace 74, Secpcl- O e T%Jar-ﬂa%oe%

A3.8. [Pe Deftrmenand 7« Seepnl-nden T2nrsor

A3.9, Jhe Znverse gf « epro/- O dew Tevrsor

A3, 10, d’l}%ﬂjw Seemd ~0adew 7opsors

A3l E;gznm&/\e.g ijtfdvrs) @i/ Egmpdces %a, Seepnd =Ondew Topser

A3,02. Dt Sumn Df’mm;mr:"[fms, Inadand Livear Sabspace s

A3.13, ﬂk?&rafmf TAtorem fr WM& Tewsors o B Dimsvsrank paces

A3.14, The f'/z/wu'/#m—-% Peorew

A31S. Fuihve 2?(,;,;4, Tensors. o Sguare ok, Bo Bin
Decomps oei i Dtarosr

%’?7’& 44, ’%/f’{"”' Dde  Jonsors



CAqm‘szr

Bepler

coC
45, ﬂx’,j@M, st o Fanste- Dimonsimed Laear Gpces
i

#S. ). Metic Spaces. Opan Sk

45,2, The Levivabie

AS, 3. Fumdims % o Pedl Vawsiadle . Jhe Ondednasy Devivative
AG 4, Peal- Vpbued Fupncims, The Gradend

AS, S, E/gm‘far; RuLes f ﬂ/WMM

AS.b, Dejontbies 3{ P s s

AST.  Derivadives 7 Comparrte Funchms, The o Pule
5.8, Some Aldipmel Derietives. The Inuriaf and #e Zrsorie
A5 9. S Mean-Valne %ﬂﬂfém/v peu'wv#of’s ”
NS0, fhghow Desinhies . e CP Spaces

ASH.  The Zwesse fomchir [Bprcey . P8 Jorrsor Spouwe, Poot
A5 fuselSore oF Sovern/ Varrabies /4797‘9&/ Loriakves

ASA3, Jhe Codomen a Boduct Spgee

AS, /4. Z Géwﬁ%'awfh«z with, e é}}/yz«m@;/ @’ddﬂé

/4@, ?W 5 ALES

26,1, Dfairhiv. fon Foit Space

L2, Fonrte -0 jmessinnal it S}ché's . (Grteian (Gordwate .?J’IG‘MS
A6.3, Fadidewn Frot -;04(?5, Sk et 7‘0;9:@_9}44

464, Frekds

A5, Jeddaw Frelols

Ao, |ector Fiells

AG. 7. Secar - Oides Tensor Fielos



A%

46,8, Priat Fields
469 Sane Idehhes

A6 1, Sane fM’EﬁM Theorcans
Ae, 1. Gonern | (Pprdlanate _gg%@pm

46,12, Gme Sboden  Coordéafe Systoms

Ao 15, Cordinatfe  Thams fowmnatinns

Al (4. &/WM;M % R/ Ta Frells

A6.15. Q!W'ﬂ/ﬁhﬂ- % Widor Freleds, CHCISTOFFEL %W}
A6, 10, @WMM i Soonl-Ordow Tevsor Frekh

46,17, DWMM % it Frobds

higtr A7, THe Tonsor Exporsntfel  Fierctsion



S——

ﬁlﬁéf‘ A8. Zsobhgerc Jensors and LS0toprc Tensor Functoims

08.). Zsokgarc J2¢25 ovs

N8.2, Znvayiamt Sett axl Purci5ins

AB.3. Zeobmyrc Salar-Vilned Fevetins Ve Vectop
Ao, 4, Zsobopre Scpbr- Wpbucd Frenicfpns %,, Tamicor
A@;S-: Z;V/é??/& 7%-9/"' deé{ec/ ;Wo?em.f /g, 7-&;4_".&,4

- /ZAZL 8 W@/ T Mectaruis
a)d,p/-&r /3 /. /(/]Wna,*iyks

b1t ﬂ%fm oo

B2, /‘?/}’fd ﬂ?é-w«nﬁms . The Extensin Jheoremn

Bl.3. fhgun Rottioms

B4, oo v/, s

B 5, %z jgiﬂr:b?{? j;:v;w;@ / ,&/»r&m atrens

B1.6. Zsochorie DigptwmaAms . e Localizatfirme Teorem

B1.7. Bodios znd 6‘2/7?‘“”’74“5

B1.8, Mofms . Matoark o Sphinl Desovpdoms . famctims
Z/ Fasbipn and Time

B9 A la“nf-s) SEr Lo“ne_gj ond SHoate Loves
Bl 1. /?/’//é/ WoFims



Ve

— BT, The Wzﬁl ”1/ Motrms

Bi12, Lsodwnt Mopims . Pufs of o Body

£371.73. /Q%(/wwco %des The Taamsper et

Bl The /??zww/fw Lesoip s 7 /Q%M/mdlso%ui Mot ms

BLIZ, {ooidinte M{/s o C /?WJ Descvp b

£7,76, He Puiends (W%jmaﬁm as He Z%@&n(_-ﬂ' %jm.‘/;’m
e Leldhre Lesouprsom

B177. W /(96/040‘6 Z){pr%m % Tsochorre e /?fjao/ Wetms

Bi16,  (Coordsnate ﬁu%u w e Felbbe L&ciphm

—

C/Mﬁ‘f[(’!" 52, Mass. Mowcodyoan . £ mehe. E"Wj 9

B2 Mag D&uxf . Cprservato g/ Wass

L2.2, Mas (owsevahon vn ZsSochorrc  zud P{/'md’ MoHiars
Bz, 3, famtes a/ Dacs

L., Nlwentm — Kinehe Energy

B2.5, DNompafion md Karhe g/mf,;{ /é»p /@f‘:/ o Hmas

aﬂm}l‘ o A3, faie . Shevs, Dprcrtvm. Foebosnee

B3 The St 2&0{46?/6 and Bilue 2}//74%7«@;4,.,



Vel

53,7, NaveyFiorm fﬁ@wwﬁw /@fjﬂ Bodres

B33, JThe [heoremn r'e Vindonl  Foretr

B3,4, Az Stwss Tepgor and e SHvus g/@ﬁa;ém, %Waﬁ'ﬂb
23,5, Albanl Prpedties of e Shuse Tensor

B3, 6. E/?Wo’m y SHass

F\/ﬁ&fa%ﬁf 24, A 7%%-? 2/ W%f& ﬁ%;faa,éms

£4,/, f%””/}& //?ﬂ/‘/w'aj-f. % /@ff/ﬂm;& e
34,2, Fe Punciple yf Nadouk Tnelifffosncs-

44,3, (0 bservrer Mf'b{ﬁ’l/’ﬁmﬁ, Arrofee %ﬂwﬁfv T HpFourl
fn&/[mc&

294, Mofoval Zvopgfeence 1o fhe Relofoe Lesoss fim
24,5, /ﬂd,‘/&wp/ -—9771/411’/71?4_

Bh.6. WoLLs Gysjgeatm, Tsotrguic, Flaid and Soie Widhuid:

B4, 7, Mafeeiad W‘/y v HKe Kelate Descipom
B94.8. Tutewnad Constraints

849, Z_/’?Wy@m.ﬁ’/%} Tex fars 1 e, dard) )@y'o/ Bockhes
B4, 10, Nafouik ny 2/ s Frzoned)  Bodves



L
(Y78

Dot C. Banples of Simple Wiericl

C11  REINER - RIVLIN Flnds
ClZ. MNEWIORNIAN  Flils
Cl3, FWLIN—EPICKSEN Fluds

Ccr, 4. Viscmetne Fbnus 2/ Z‘%/hyoﬂ’f://(& an/;,(z Y=

Capttr C2,  Elatiik

C2.1, Jhe Ebashe éﬁ,ﬁmse P hine

C2.2. Jafend J}mee '

C2.3, Sore gfw/féwm Setoms &40 Compressi He
ZSW/'&/ A/ij/au s, E e Sods

C2.4, Sone £ﬁm‘//'fum SeteAms /m, Z/J[M/WVIS/W P
ISOfL/{«V/U/'rJ /%)774/)%12/243/ ElisHe 50-50/5



464./

A6 4, [Freles

Aomctms O Wsmazﬁ%/ﬂwﬁ ol a
Gmmerve 0Cconance dn Wwﬂabv:as/ M,o//@ H1a0h el
Zo /t%% o M%%Aﬂ&ﬁﬂ"r %/pav':é'm o ﬁe/oésj e.g., ot
W %% Henpattatare U%v/c// %'Ue&qigﬁe@) fe. Hee,
M}ﬂ/ /%mfzgg foﬂ@w'&' yy/»@mrs) we Al cpeste 5
sl o, Vhor U, . e f conrse, Gy A
%Wﬁ(az; rdave Salan - vl td /amué'rm o roesihoe Vet - vabued
/Wgénﬁ 7/90:/7'4'»-5 _e_:fc,

Zﬁﬂa'séf@/f-’&—?%)oﬁlﬁ/émmm

: W(ﬁ C‘j?/ a1~ g Gpisrinal fao&'o/(’m/a«h}vfé Zpac s
Ftevis£afim Space 7{7 J Zryd U o & ﬁ%/}[e—cﬁéoénﬂhm( ey€ar

" -0 4.
WC&, %’(mac} N can (e 744,2 afa/c/fv( Lorear —?n.gc,c@« E@ml
Zm,; V,? ) We W Aoscre JWMJW 7/"4/14 avs Los€ a&m/ﬁ_f{./k%fe-
MM/‘“’% v 7 T %deMm Z/ﬂé,‘o/o/;; Sz
%%"ML & < /@M&L&MQM . i T o
7 - 4 _ pAs
@ metu'c epal aund Had <o il st putee, 6mb&c/§7 ﬂ%-‘,,‘ﬁ}m

! s mo@? SAnde #mo7 8 cofusect el e 2hpepranc
WW %dfa/amc,fr'zfo/) &M»f@a 7%% are Hz /féa/mmﬂl&,fyme
#e Zﬂrye@ma/mﬂ@ f*fﬁ/c/r

Z%é otabine i wmdnstood MW s weHne .

365/, Thaatns 46,31,



A6.4.2

A5 2, 2/ MW

oifime A641 T field 110>V i diffpetists
a‘fﬁzw:xe@_é‘/ — 2 luptar ﬁwgrcmuém

Df(x):% - W (Zg%mﬁhspdwa/ g,,') |

S txrw)-fx) =DEG (wl«olw) w9,

Tt Lowtae %mé{ﬂw%b- Df () Q%J@M/%fﬁx

- Oj/aun{’) o U]@(x/{ p%vwném Aé/é %A&’Cé QCfn scl
{,{{;é%) Mt @ o a-/pdvid/'m:t g”)'&;ﬂ(ddﬂ/% B(f’"’ /%/
%ad«fg ol

Jone %&wﬁm A6, 47 & WJQ e stpri s ﬂﬁ(aﬁ/{m
/?§,2.2) ﬂ,’éj’%@ el 7%/&”5—0&0? m'&fé/o&/—aaw%’d
//ert valnds ALS1de ;wféu//e -WM%J/M &L&m spoaes,

f@/&”‘;‘ ;WZ//@_ Comporond, o He fmg{;ﬂq vadbss geol Ha

//%z 4. it gt on ndonuann MM"'CSJ Lpivatives 5/ fi(/e/x
=l gudionts and Unottd by VEO) sistend of b DEGe),
We shall rwerve /AZWQAW tosncinolyoy and Ko T amotatine
o <callon~vilbotd finpefioms (. 5454).




A6.4.3

(oot Shn s e MW. MJ Hao ppsconte %W‘uﬁ
%(zzm;L) M{famzéﬁf»;%ﬂm&«ﬁm;//gwmﬁmwf@ms.
We ﬁéc. Z _g/}n/'/fc/ Lpok oS i Wwaa& et

[t 10,801 & ¢ apane prame fou &) ik #e
_ézs/s §§<‘->} f""“ %4 %WMM Spaw 7,,, [L/WWJ
W/pas/';%n V{’(/r"ﬁ/ a é]ﬂ/aﬁ/awm‘ X EE, e G
#o stigun O cam Ge trpesseel ae

; —
xt = '@66'7. ﬁ&ﬁ i
%'s mﬁ-é»m«ﬁ @V@dfﬂfn(f&mw Mmuﬁmﬂls oY (ol of/\g,) aend
Lys 7 %=Cxﬂx§ - X)) m RY m@ofam
Gl ssion cmdinale spttm fov &, TE dipfers fonm He
Cortesionn Corrthnade systen. o ﬂ?"owﬁm A6.7.4 maé,,a, AT
Ho Sasr5 i % s mfhonecnnt, '
/VM,WMW E 7y WWM,(M;% f:@—"w.

72/&4/«0‘[_ Z§<I>)§<2>) e §~<m>} 2 bl an evhostnal

’5.;1 ﬁ%f;w%'m A6,2.3.

ST wmild B spprguunats % wirte << iistens of 2,
T s Afowm% e e Zf’%—f/Wes M%;&Maﬁu‘;«&t w@ase,



Ao.4.4
_%‘5’3%" %MJ‘@W' 71/) we Cen wute

i gL Sl
f@)’f(ﬁJr ac_"g(t,) ) - z f &jx‘i "'JLM) Sers

éM—/mweaéam EAS 1. N e ae i a posiFm
2o Leal wabhe TR Lifgotnssa o %/e/c/s i Sorme of tha
ZMWA% /au/uf Lrtivatsves f Wmhﬂ#f&/ofs/ 21/ M/

Heo wndte Ldped i EAS 14 20 awailadls X e,
/M’ﬂ(e/ /Z.m% %dtﬁﬁ Landnsims In and 1 and /(.WS«CC/_%(M e (agz Hew.

Mot we cmsid ,&»}cén'oémégf e el / ffyé St

il b putuluty cpoteid To oo v ConForiinns
0chedcs, ﬁ(@ﬂaﬁmjgj fﬁ HKe  wamr e 2/7%,': d«ff&rj &
&t gptn 2l o T e — Levny Erasinenl Eanidean. pond
“pace 551 %ﬂf/lméféf“s‘/du& zEsocratect cat 53 <o Az
Fhnee - Limtrrsspnl vocfor Space %5; [€..3} o an stbonovmal
Gasis for Vs, Os& a poit in &, o that FO; 2.1
Lo @ %&nc@ jj/mq, %r'« gsjdmd OC(’M#@WMM&:?/
AL 83 wrt (©,€.:5%, %W/ i st Lok Ao LsF

(a2 2?) € R® as 3¢,

bty Rk

Sawe as firo & A3



46,5,/

- /lé,g, %}f‘ ;‘/6/0/5

/@%w/j He ch set-nd oA He %J% SAG4.
@u/a{h‘ a S&/m/z/o/ 70 Qak é/){ p%wﬂé/“ /4@4/

F 4 4 fotntrasle M%@W:}xfeﬁx/ 3w Boigao
%WJM‘HAZGM D¥¢ar) éf-bw( fR) 3,,4,1, sggz,u@fah

awall | (2el)

flrtw)-foe) = DFfe (6] + o) 4y ~g.

J;"’Cf« foe He Liinhve D)Q[)’ﬁ) AS & &;;:?afﬁpmf/)éﬂﬂ/rvu 4/ ‘Y
E{ &MMW Nu?lur Vﬁ@fﬁ) & V Q,Zéo/%@ qmc.(;ﬁ%/?
g x|

Dfeey [w] = vEGe -w, . D
T Horms /WJAAM%J S el pe whte
- ‘KEC&C) = ‘f(é) = 7[)(1',:&) ;{,3

of Cours€ J, Cx’xa.x)éﬁc/)@gj Mgﬂ%zmw
5@/&9{/ PR3 A e /W/ij&/ (A ) covtOesate
s%m associades o lb ﬁcg é} Freorevar AS. 14,4, 4
£ s cZ/WM(Z F - %ﬂw }ms moé,./\ajgﬁu%/amal
%/Mvﬂaf%/’éw A =

p e -

[
{
. 7
- £ x)= g vEoe) ', %%&WA§4./,



46,5, 2

by Hagem 45142, feCPCOR) i
ST wmns @y SS  LonFnaenns maﬁ/-ug ’pﬂ/aébﬂ Loey vartrves
M 9;/;[/44\&5 u?p—é) MM&&!MV&U £,

ffﬁlw%/mv‘h; W%mwthmﬁh\,
ﬂ%@b%ﬁﬁa‘é W%%M/M%%W%)
g space s 3. LY Fe @S cooriiinate syten
W&?zd,omm#/wcﬁnﬂmj SOne st a%m
wn b Aave o Lo omnle,

Seplrets fadiy
jdxmﬁ as ﬁv §-/4é:3



Ao 0, |
A0.6. ,[/Vevov{”f Frelds

Refp 75 He s ot He ol g EAGH,
Cnsiide, o vechor f’éfcf Vo b - 7/3 . % %,Am’ A6 4. /J
VA5 ffoandntle < fha prit 3o O T o bosar
s drntoe Dyxy € L Uy S fon suffivied Y <wmell
ol (£e¥;)

Vi) —V(x) = DE(DX)[%} + O(%) as L0,

lf caurse, Dyta) 4s a facl-erdes Crsor, Ln He cphetuen
Ll kAT s Zr'v@w’wre-} e 747‘5“ sczs Dg/,:z) wi e as
Vyx) gud Soned % as Hhe Guadiend o e recn el y

m‘ff@/ami%m,

-—Z;v ‘/5/7175 %W@waﬁ&‘ mc/%w%%) 74u I E )(9 wE€ (‘C'l'(,f}éo

: : {
raey < _— A( >N A . A
v =v £>CM)§<¢‘> =V (ff),@«} = Vot x JISPRN J )

N A
pr e é'—“(l’,lilz)égcmsJ W‘%f\f B s %c;wm :mésc?fr//gg
W /7{(1' /IFO/I/MJLL//AAJ éﬂ%@’/'@u CrandenaTe cue i ,/(xac,fafrfs
wH. D<€, 3; HaorernAS 14,1, o v &5 LgperTicll &

KT o, e mW/wméﬂs T<e> fane o'//oé‘;.mf/_,
SoasT /;uuﬁ'a/ Logisntes o X .
U 7

Jo. Mécj
K g
V(c)

’cf. C‘%) = Savs® DM(M) [E‘J‘>]'

oo, Ko summation cmesio i dn Gt



A6.6.2

By Favre 45.14.2, veCP(Sﬂ/) Y cock copot
,éa/mu‘nm !/a”/t.r me: and Nds maémwm Molanm%
7 /4 7 T

rj&%“j spacc S _3 oS M(""ﬁw /oéfr?rd . S 7’
Al (aFRi o Coprdvare /7:7‘31'»- il n an"pw L/M Aere
Wo/ Jrave Ho Lo sone Arenor fﬂcc‘(f“’//’ml

fe ﬁﬂ’éw <y Ml il e syeo Aoty

%ﬂ/‘ﬁm AC ¢ ) Lot He wwéh/’a%/ Vi G V,é’z.
J/WJ& . 7 2o fare Mtn/-’ofw Q,exfuu,v‘}’rcm-u QJ S

W L D polygmilly coneites,
Ye) =Yy} +Y(arc -4) V-M,y e B
@agf Crsies e fhuniins 0=l e 4,
V) = vix) - V (oe-y)

é‘&m/mw &/ML/Q/ ﬂ@/ﬁmr/gﬁ—g/ﬂmc"
ém MA?% éLB@y,d




A6.6,3

Vo) = (x-g) = V(). 0O

75‘(/0 W AAAA, /émny_ ﬁ'ﬁfcfj associates wn K o
C&//&wlfmf& I/f;f/ér‘ﬁé/a/ ANt j,;u&u v %zﬂwj %/ﬁp’w,



W A6.6.1. L K vobor fickd v:E=>Y 4
Utpponticdle A 2, oo Ho Gettgns o Vol 2 o
v

d,1
dv vy = % Dyt )~

B

el hon. Y, 4o criseted | Ho il gyl x s
ad Vo) = 2dud obw Dy ). >
A pprman Hownative gotatroms ac
Gvy =vey and ady = Txy

Q/ aurse He JW&W&’/ dvel anl cav. de wobed o o
F2ems %Wo&xm/@ 1o Comprens .

m 46,672, Lt e iechn fieh V0 =Y, b

o yary = U0 (2)  (mmandia: soplied)

e wohom f/j Lo stionted wad Ko daces T Cops | o fga:/%.-vei

ﬂj—@@ D%,,.;,‘Am A3l f’/ /%6 Céor?f‘c/f:vmo < ’-”%--c;vfcl He save 4ty
“Je Doy A2.7.4. ffﬁf Y f9 C:fn_ — Y
3 Suo asrem A36.9 o Doffon - A3.6.3 .

Eﬁa %4;«/7’1/»» AZ2.76,

’ 4-%2 cunl A5 @ .sf,a‘m%} 2 - hsmensipnk

: Jid H o 7
1



46,6, 5

- 2 VT () e
wﬂg(x)' ‘=1 j2 k= 6‘&‘2 1) (u) DLCy !

f%, Exevesie AC.6./, O

Szme axﬁ. E 403



A46.7. )

A6. 7, Secad- Oiden 'mer Fiokls

AAAA— AN

/@/g, £ Ao aqpopents F A F Ko and  EAOE . Canssien
£ eeondl- srdec %mrfl/o/ T: 0> LY, & ﬂ?&;‘ oo 46,41,
M‘éqgwmﬂf %foeﬁfga, Do, g
'/WWM DT@K) ELIM(V L V. 9/,—44/ &%ac—-ﬂ‘ﬁ
mell I | (4 €V

_I(JZ+(£)-—I()ZC) = ‘DI(%)[%] = 0/63) s W=

g/(mme D Tix) As o Hand-omitn busor, Lo 12 indvivumn 1016 inunces
ﬂ;@mﬁmﬁ M ¢ ﬁ&/( sy DT ) wu o as 77 T ) 2 /%Wc/
*éa:%zj,w&hjg/%éfémarfﬂc/T@j%LWm

Za 7/&9”52/(427%(&'[0: one] W) b e G e wnte

= 416.7 X —_ APLfD A _ (Y2
Tan) =TVang, oe, =TVde 00, T uxe, e,
e L= 2 L2)E DR, whoa B s Ha quon cobicd of P7 Hat
%Z, /tﬁcﬁ"/mawfbu éﬂ"[@'/ﬂq,(. e_’,o’?ﬁc[wfm#e S'Jgf&m- Aisowades ws A
P&, b Hvem 49141, %7,,; Lfeoteie T 2, Ko He
Cornpprrast pounchers | AJ) Aane mo/ohmy /ﬁnwz p;c«fm/( Gisiats s

A £ i fod,
T<"’> bc)*éa 0¢, > DT (x)[e

<Ie>

(0T 201 e.)») (Tt i



A6.7 2
DT ) = zzz 7*67 $)

Dee,, -
“‘{() <(} “<‘e>
c!{)F =

2 %wm/}s‘Mz TecCP(8 wy,) 394
m\{pm ”/cmuf;m, T 3 A3 Wmam wnd fas cppTenaoeans
mo&/mw pMug Siahts m ﬁ ;{AZ/MG/.&U 4o Zs 2ndd %cércbg P

%%0/ 7%«7/% W@U/W{%ﬁ Mﬂ% A s 3
s mﬁ’ﬁ@ajm crenord e we Ao adne S
m&% ,/ Ko (dsianm coprdenae Systome ol 167 et uilan,

SHrE  Freno J%SM f/VZM/c/ W 7& le made ,

e ply as Binssy, feld W e Sl pecd 4 ssounne
e (AW%&J& Hevdor f;e/c/ 05 Goeegonee, ThA's
NP AS Leiloped vin H0 arict Hesn, e a5t s Hes
ﬂwﬁaﬂ. Wwa&/ il fecnme erdeont Latoo
wher e sifend %Z/Wﬁ/ﬂw huiseriee %m.zyu »frv vEchor
A G dosr frelis,



A6.7,3

Do Ao 11, Let e Vonse fickd T b Ly s

bfppontidls F 3. Tow fi mfdny w2 €

ppre i ik freld v O =Y Gy

) = (I(M)) Z -

ﬂ_m “\f/a/x; C&/?Wﬂm d X and g &W@C U\O(jlar‘ aé/éro/
He 'WW5W¢ 4 T d =& gud denated %L QL;L/T(JC) —

2.

iv v, (x) = (OLV I(M)‘?; :
/@;’% Doe T4 dffpactiantl I 2,
.
V) - vix) = (T(&I+!L)>6L - (T(Jzz)) e )
= (T(mu > 7
= (DToo[u] +or%>) 2

-
=<DI(M)[95]) @ +tOL) e w =72,

‘G T s dietes by V-T
‘ ﬂé %17‘7/01:3/ G&VZM ém&ﬁﬁwfng whers I: QCfn—ﬁwﬂé'

awmum%%ww /(Aaf/erﬁ’éu/p%MDv (). Do
ﬁﬂs a3 /Efér(}fi&Aé 7./,



Ab, 7.4
fmm_ DIe) elw(¥  Lty) He mappairg
g — (DToole))'e '
a%mu%%%a%me&dM@d
Dy olel= (DT [ul) e

/{/M) Lo vao 06s€red] a,d‘ou{ m‘/m %@mcﬁ”m‘é’; Fandl
C(MPMS)

Sk 4 SR

DTaey[y] = 'ZZZ T4 (a’é)[e e, Ve e |«
k__,_w,——/

J Zg JheoremA3.6,3, (&M“C As. /ﬁ/) (e °u‘> (~<c> ~<a>>
g T N 5 ALy A
(Dremte1) = T3 49,8 (2 0) (208,

C ok ~ Moy 3
oo That
(4 7
Prmtels =7 33 T3 G Eooe e
(e <o>“2')~<c;>
~< >~>(,\,4¢> 93) = J'>
—
e, - eg>Peade
_.ff T<y”
DV @@[u’l Z Z T jk(%)("“ﬁ) ~)(§< ;@5@ o
M

D\/ (374) Z Z Z T(“p k@) <'-(¢> ~> ~<J> ’“{le) .



A6 7S

Fow, % Depir s Al and A3T
dvy () = P g Afa;;k 2y (e, 2)k (gﬁ,)@g )
C g L

S

i®

Cn
I
FIT TV 0)
Thus, Ho oor
bivToy =2 Z2Z T . 2)e_,,

le am e so offen sude wtor, e 7/5 WOL ke e

wrld Sfanve
(di Txy ) = £-2 ¥ 2 e

A’

/
whih aopbie vIoe)=7, I

Jfeoeny 46.7.2. Let e Fomor fidd T+ 0>l ¥, 4e
%ﬁ@wﬁﬂ%cd:m,zgf ’
A s
div Ty = TV, @D, (wmmbon deplaed),

/gr /Z@fé’n'} /42'3:4.



A6.7.6



46,81
46,8, Pont Fidlds

Refo & Ha agupments sef aif of #e ewd o 5464,
éh.(/é[ﬂc Gy W/e/c/ g): 19—:’ 83 ' u%ce/ 8_3 AT 26t & Levcar
space 57%’07‘,? :/@aa/gxy?‘ , ﬂ;ﬂ-}w%‘m. A6.4,] oes et M %
s <rtnabion, On He offe. Siard | s#ce He Ftaslatim oace
A5 & Lovr ear space ﬁ%/}@mﬂé.éﬁ/ Sors gl sense co A

st A2 F, leff// we aoten

#%/W:xe@%ﬁ 7 L%%%Wm

D[P(J};_) / ')é — ’]/3 (‘14 AS /(@%Mﬂa‘ékw “pace of ‘/3 )

2 fov sfficiety enell ] (LEV,)

Plx+u) —plx) =Dpzs[g]+o) as & >0,

7ZQ %far 747@;,«,;/74@”” o DP () 45 clsf Ao Lwjathres ' —,4“{
2 /) L
paf x,)

Jhis %/4’1» wakes seysc. Feanse He W?L %’%fmac

¥-/;v cnFrnucese plchamics g ﬁ‘h el e jmcéayj rﬂ/ P - 3¢
avd wuten as VPL).

ZMI% ofviens mairor J%M y Wl USE A saarc %Aném vl
7% Wfpz{é* AS 8M S He /'Mtga pace s En .



Ab.8.2

P@K-H_é) —-P(x) AR ector wn Hhe Feanibaty o spac e ’1/5 . Jhus,
Hho WL&M"&) D}P(M)[%l 3 % % %QMWIMWi_
funchim Dpt) shoadd , codd) e ectors j ansd Fhe
<fFewad ’

poxte) —poe) = DP(M)[%I +ole) as & =>2
fos o usud olerpoiAiac
'(p(yt%)—fp(m))— DP(X)[%] =olw) s w—>g,
Olfmme) D[p@f') LS A sead- e1der f@vua:ﬂ,
vt Definirn 4681 15 b plhce, ot Fovy o

@Wrw‘ém :{W/v.@@s A5 rlecAeal G Ha 2/
QZ{WIV/IM 7 vectoy f‘”@f’f Y pen! rM’/.W«f J/%ﬂ?_

Sippliptto asti
SWmfw g AG,3



A6.9.



46,9,

/4(0, 91, Some Tilewtshes

TH Akl e cltac Lot He vaciouws CJWMM whs
Ltsoft) on C%a.;o/cxﬂ -3 W?g M wel f,e/o/_r, L. #rs
St M;.-ﬂ» 2 /éa/mac/m/,wér/w %{ifflfwy‘.ﬁpﬁm
j//,z/o/: Mok st it giotn e, W cndopue oo/ Ae
_ sa"/uz‘az‘%famdfﬁ,gté# MMJ%L%M
%3?/)5,2,

’6'/ %ﬂ ,WM/ZW //ﬁ'u/% Sesrtas fee ceon
& lod %/ /,,m., Teswennr AS. 5.1, /%&1/-61/} Lcncse %/A—-
sl cofusion Had s Hendad G S gof ST poik
ad s cloprev-te % & G Canrén spacc e T /a—m"f cé/g&«mw: s,
i sazerw 7o¢w¢6vv‘f B sepanle Hom g .

Ttron A6.9.1. [ fe pruit sl p:0—>E, a
q:@-a fsﬂc//fwbﬂ(emfﬂfﬂf x e B e He
vecfrr feld B> Y dfmed by |

V)= p(x) —9 (x)

oLso s Q{WM A X zd

Pyix) = Dpeey — Dg (=),

//éﬁ% Eveyerse A0.9.7, QO



A6.92

fe vectm held v.ﬂ—*é’ & J//amv;rf.&d//uw
xe D, ﬂm%ﬂv Wﬂdd% d->E, %@Jﬁi

q () = pe) + Y (x)

ﬂ/:ra s G%WAM P 2 g

Dg ey = Dpoy + Dy (),

Loy Egucize 092 T



4693

7Z€0/5ﬂ? ,4@,7, 3, _Af_f/ 7[6 CI(Q ‘Q> y/ Y #war/—rb/a/
il

/MJ & condpineams clf'w’/!’jwcz o B u‘éwﬁ <4 ;,T{v&-v é;

div T (x) = v,

//Za%/, T, Hs goww"/% Msvanta ﬁv@vf/‘}f,/d,/ﬂ—/‘i)m
shall geit Ao istad Gad '-”pwa% Mg ataec s Lmpos FraPrars.

ﬂf/'lﬂe/ Arponoact. % oo 45, 5,2 mﬁ"l«u Levsor T
7
M%Waﬁ(e e a(9 anl Aas Feeo 0/&/'%»606, WW % y/
4564, Ke podact T=FI & dfponhatl e B and

DT[] = DF(ae) (21 I =(vFoe)-u ).
/%Ké o accptdamce. un He M«éél/) sl dee
T _
Y,00) = (Tm)'a = Tex) e

g [ (x)=fee) I, By Pewrems AS6.2 ond 15:0.6, Fe




| A6.9.4

i ch'f v A OAW#% A ,9) awnd
Dy (0)Ly] = DTan[ulz =(vfons e

=(a @V )y .
Thus

/

Dy,(x) = €@ Vfrx)

!
Jrv gd(x) =4 D%Ozz) = g:-vf(m’:) = (n&vz_rm))-% .

div T oe) = vy .

Jhe cpoinn G T ol s fe abne “
- o Tk Agfg/%ﬂj e /;?C’g/;). W

Wﬂwwé"éﬁ%da /?;:}94&0&4; J;iace I@):fﬁmlj
A A
T2y = £2, 8y

-~ el
fmcz fEC{C&J /R)) 7Exla Condsincons s 19 st Sas T ineans
mcﬁhmy /Ms/\f Jpoutral Lt jvatT s ﬂv/\-nﬁ. v, He WW
074'/??.( T('J> me cilvicnts on 9/\ ane/ Sl canfrirenns
M%M;_ %,'/IJ’} /gn«/m,é Ly rnAounrs o 9 , WW@ 5
Te CB L), In pahilee, T i dffpontatic o G
Aol @ TALorcenm 4&22}
- G Ton =39 @re. =37 £.i8:80e
v,k = 1y Ny T4 - Jd-@f) Yy S<c>



Ab 9.S
AL Pei. Y |
- ?7%/%) Eers = VTOU.

%M)%é Wné / d,r./]:‘ W /wm % C(n/ihw«? %Vf.f_‘l
@W‘éwﬁm f Theorenn, A6, 3, wilnike e <hall nged

Y

Powom 46.9,4 Lef £ (1O R) and SeC'(B, ).
Jfon He Mar,ﬁeﬂ/ T 9 =Llw @sz_ﬁ:o«

T o = fao S

ﬁ_y a cofrmnnns Cé'vaww ow b wbiic ) _i/;m_/}

div Tia) = f(x)d«‘vgfx) + §(x)vjcfm).

2/‘% Exeicise A6.9.3. O

Newrem A0.9.S. Led wy € C(EY,). P toe 7énmn
#W"“L&V %eo/& \

Tx)= g @Y x)

Adx a nJonnsus Lvtrsonce an 19 ol &jﬂ&. by
- U I’

OA'L/ @@5) (r) = Dgg(ﬂr) [g(x)] +-(a£vg (ch))%(x).

@ngi Eeverie A694. 1

T e see Theoom AS 10,4 . of, o emnabis o p. 5.1,




T——

A

Pt A6. 560, LA T e Cl(B Lit]) and 1 €CBH
o, Hhe wfw-/,r/é/ y =Y, %a{@

Vo) = 6e) wie)

4&0 a Lo s C‘//Mqamoc, ey 4 bt A grf'(/@w %}'
[74

-
v ¥ (Ge) = [M'VITCE)],@@Z) +Ioc)- Dute) .
A%, %ﬁ A 9.5, O

41 ZA = /z‘%&‘% Hoy same <o <s

ﬁéa/%4é77 Let fe C’(& ﬁ)mo/wfc/ﬁ
o oo vectr frel Vo B -1 Wﬂx by

var)=fae) g lx)

AA/% condltnr wants %Mg&we— M ﬂw/ld%a Grvee by |
¢ 5 ="

o ) = [V 1oe) [ 30) + )t ).

,@’ff, Exepeie ALY L, O
AL



AG. 0.1

Aol Sire Zeforel Pegreens

While s eadsmend ?/ &Waﬁm wro
wof Gwpnefenaive 4o et %WMM/%@ secszelt.
S fa mot od%'m# sopare 2/*;7‘74052%) A o T .74;4»:-
Ho pine #o do Hi : G w taseme Hist Ao afiuden? <
d&mﬁ /um:&;w it Hfe enkgiaae 7 dtbarn g eIt /L/clcb
mev ane, W/ﬁ&&v) o /?mmo s E3. /éuz.wamm% collo
7‘0}4/&/% 2me WWW o AT,

%« e AGI) Lpdt R E Esio o fpunded negplor
W ) A_/— w A& Srvvdled A‘gf//éw,w'éosc .ﬁbmdw;ﬁq SR L He
Lol %_/ 2 /»‘«//e b Z W/Ma‘/é%g Losed /tﬂ;{y«/@o
sufrccy | oo Lalfn Fom $eving card v Ht 22rat o /e%%_.z

7 7

I bo impritant 24 wnbise Pud He Crendlasy of & Alyudi
/%/};u ey At ay@ ad Cptrina o fenl Wﬂ“ //w'é’m/‘l et
Wﬂx««m//}nmﬁm'ca—) 4 Wak{ M/ﬂ Had e ﬂ/‘/‘%‘”"}{
Uod o eira

/
Wo use figim. as @ Synirgme fow pihiosie comadad pont et

“So KELLOGG's fpuclstine of Prtetid Dacst , p 172
n GRTIN'G [ Lo Dtryy of Elacheity , 2 ]3.




Aa, 1,2

A&%ﬂ@/ﬂ,/. (ﬂ/'rd/{ﬂra ﬁ!mn) LF He vedon amd
Fovom fitlle W avd [ 4 e on &;/ﬂ__%_‘“_ R w0 2
ﬁwmbo/y wegnlar Ayt mm;{;j dertes 1O apard wail |
s £ O,

o av = [uop dn
R o

p —

faz,vjj i = jIQ dh
& OR

M Ve /M;/ wose firn o e classical cékﬂ;mca
Hsbn | ytiose /aory & Anglable o KRELLIG Gz Hrok,

S

/éwﬁMMi%mmwd@%ﬂgéwé/gﬂmM4m%?
wntifein vefin o aw He dgiinfrim © g ol % gt

@'folvaW= (ﬂz,-vj).g' J = ﬁ[f'v(fg)ou/,

Now we can oy e losicad Svtryenee Ty 7 Hie ot
(Gsinis on R an)

/ — o
\ng/k e A clasune o mions ‘émdd/ﬂ o e el
(/;ﬁr) Ox/rﬁ@vtu//ﬂf(z e condvivervs nﬁuw‘/ﬁ"f) wh He s fare ?/"a,
L MMMM 24 fonai v j e Qé/mraﬁf/efma Gi 7 E,

ZZ@wnAéZL



Ab, 10,3

- pdr f'e/d 12 V7

o [4T dV = [(T)ndh =[a-Taoh = ¢ [Tndh -
& EY% - R IR

Joce 2 «w M'/Aby) %‘GMMMI% Wsjned pepdf, O

Thtrem A6,00.2, (%4% ﬁ(ﬂ&m”ﬂ, Vfolome
Lofysk) L Fr b~ & and §: (D) > R, whee I
é@ﬁﬂh”@ﬁ”%%'&gﬂeﬁ_‘ffﬁ@-zﬁ-m@
ﬁ) Haf -}fdb.dmaoﬁ.,g,_v ﬁj@ﬁwff Ao CpIest e o

— Jgw/= [gef ltDFlIV
fw) &
| =f9(¥(p\)deD?(p)ldl{a .
R
Ao, Se APOSTOL o ma/amwﬁuw) pp 211-274, D

76-' &%R)W&'Q&M(d@?jﬂ& /L@Vgrm,_c_m_ gj,f ase
£ o cntinwrs m R, Thon A £ ER D

z, 2 .
_g, Theson AZ.34,

Therom 46,05, (Nlean Uloe Mﬁ* Vlie Suolly)

Sy

Ny




A6. 0.4

fﬁdv - P(:E)fdv,
® &
fup, Sn AP0T0's Nihowated Brdss , p, 269 . O

A spmila w2 10l Aot Sollls d@u Sn/74c£’— ,a;é’;mff'i,

Sugptorsitiey Rckng
fmmﬁu $AG. % /4[«;
WBSTIL, Nilomho! iy

GIRTIN, JH Linear Penry of Llahely i B).Viafz (f furlback
| dbr Ply<ik.,

KELLIGG,  faundiims of Polontil Thaory



Al | |
AC . Gapnl (omidingGe Syctams
2€Mﬁw p%/VVAM /49,2,3 7%07!6& /%Wwf"m‘:ﬁ’

L ﬂ—OéihM/'Mn,Z @%%WWS—/;4ce gr’ x5 a,/aom«f
065’77 79%%‘/ M%ﬁ/ﬁsfs g“e’b'@ZJ ST §”}%~%L

éﬁﬁdcfaffd JWMM s/aace. % , Jhe~ %a/af,',é',h, u\’u%rs
%m? /0/14'»* Pegw wrt e ou§in @ a2k He WWM

e ¢
P = -pE. .

/%3 5@% <o e -Fo~rne CpUSprndence ,foww/om%s g C,o”
ol Lt an R

pr— (P, o) = (Fpre, Op-2, -, OP2)

fond

(foiszoj e /0") ‘——%[P = @4—70(:%‘: ;

w%,(’cﬁ/ wl L@%O/ a &A Jﬁ’i}'/mu Ccostddinalc Suis g W jév 2:0,, ( ﬁz%,inr;fv'm

4 /
/46,?.4)‘ /Léwj,w& fénw//}e i jolea ﬁpy dﬂ/}'z@m e e
W«/mfaf a JW@/J%G@%/M‘MZB/@.%
)%ﬂ' /}4'4-1-/ _47[6/0 wl  wake

% /4& //: 7. i4 WW ,‘%ﬁf% )f é: e ;7..%6{41/‘&%26

g&&éw&v /Qﬂ‘n:v"ﬁ =LA S &:}7 £5 M—yzp—g}qe {&'«t/r_r’_r/__;fy;c/&’q/rcc.
Fuor. prifs PEE, eud Usts Celxd--x") 4n R
wad, & Fno Hrnes mwup% é}fwm s Pl Cﬁ/tﬂo‘/;'lw,

% WW@ szgfm ot W Mc :;g’éw-,



A6 12

//]m Mase,@ A denafe sgsfm %w c, Comsi’s 7 g,/a.
/yww/ r/a.é’méc/ éwwéfw T Aw /) oéme/m/mh( w»f@awﬁ H== ﬁ

H)ec (%8‘4) [P=p (Jﬂxa}---/.x,“)]

%JW/ ,wf% ,JIS e s

2teC” é3,1,52{:) [lé:ﬁ ECP)] 5 c=12 -1 .
whiidy, &5 a systoe r,'zl Sa/m/,ére/oé o c . The pewnters
If xzj --~/:c”(/;oxe. %@ m%«/m/f'j y/ //:c, ﬁMP
Whibre To Fhe comhaie _'::7(4/&144,

b Sutak dpwon o @ trin «ﬁcé /5 —— Ko s.q)"c{
m ,a—vwvf‘, c/ Al cppichiaete J\,;.r%

/Z_ % Al aranidn, %u sechan / 5 tvnidehod ST
L fmﬁcafm @a«zcémafe 5;4/6&«/ fns Jeen. /v&w (e e
ﬁwc/ﬁm_s iﬁ 2 3¢ & n) Sawve J%W//a/mmw Fe,

%fﬁw Aé. 7. Afﬂ/ MJ/,QJMMIM{ P 65,7 P %é’ Vf’aérs

&P = &5;5 (id(p);i‘(p)) s ) , =72-n

%mua, fm/_s;cy. o % Ma//&&m djﬂdw/pq/%@
Wofmxmﬁ —-»}&‘A/wv e me ﬁmc




A6, 11,3

{Pj S, (fP)J SR ) gn(P)} s el He W
s o p g He corrdiaie {/ﬂfam.

L. Zow view 5/ Theoroa A2.2.9, of sopfios %
shaw fad H#e sef LS (p), e, (p), -, S, (pf

%e&? mufﬂfzmc/m;‘, %‘mmj«‘f}) consrde. He slfaFeoendt
cle. ‘(p)= < .
4

s => , _
0=V&Q"([p)-§_(P)CJ (Q’on)
d

=viip) B, (H @ 2xp), - p)el (whthhn)
’
= VEGed ), (- x)ed Gulbdn),
/)/M} 7%6 (Way%m»p

0
xt =2 (Palad-- x")) (=42, n

Cé% (p)=2

’%ﬁéﬁﬂkjﬁzm&ééwﬁu%ﬁnsggngamL



46114

=

< 0
O—Sd.c)f—c/

Jﬁ(/lo/aﬁ Cﬂ%&m/ﬂ, ﬁ@w %ora«w A222 7%4)1/% P
g?, p,Ep) -, gn(p)} £J Zw%m%c{wf 0
Lo () i et iy b ot

7

VQCCP%%(P):S; g bi=h2

wtnid. Hoorew A25S  deacsonizes Ho et
gvﬁ’(pg v, -+, VEN Pt as He duad Gasrs
ng(p)}g’z(p)) -~ gn(ép)}, 7%(45/ we Ao

%M A 7,2, [ dWmc Ww?‘[péc,em 5 ///?/ voctors

ei( ) = V_ZAE” (=1
- P = K.p) 5 . =hZ --,N

Covpriase e al sk 2/%& Aael Gasis KJLP

/VM %ﬂ/m Nave % ﬂaﬁ%z/@&/& /55?, (pg g‘{z(p), "'/E’n(P)}
sl b dunl F ), ep), -, P} o prit p
a ?m Crotchonile _}am 24—» Xf; p 2560175;:.5;{ -@cﬁiﬁ;—)?&w'fy ST
we &/ bfore Ugamching  Conpmont Cpitsniatbns of vEtors
sz Avsors Camres over B Ak Mj&wafsc/w, %@ws%
Pty N gt e Wz—w;f?/%z%cf' Houd Aose dases
(‘/?Mmc/m/ya:/%m, ff'/ Jémv Dfoirstbne 2.6.2 and Sheorems



A6, 1S

025.8 and A32.2, e have

S

Tearen. A0, 3, _l_d{,f and ZRGWUA&&AJJ aad 2
ijﬁ/’éw;

WW:“‘@,@L-CP): “;(P)Q‘:(p) 3
when

aér(/y) = g”r(p).g, &p) tnc! L (P)=E-(p)-L(P)

ve He cpdunyan e aupad apets f ferits
vl o af He ppnt P alafve G e fmwmw
systew ; ad T admh He wpuedations

[/4

I(P) ) Tg(&))fi(P)@%'c‘P> = —’:.A(P)gi(p) @?,J(P)
“Tiicpoe ) = TE Peprocip),

T (p)=e'p). T b T.cpy=e.(p)-T
. )= p) Lipep), lypy=<(p)-Tip.cp),

T:'J(P)=§(-CP)‘I(E)§J‘(@) ) Tfj (P)" Ec(p)'j(g)% <P>

be e Gitypmiad, omvia, ad gl quppeds o e
bpuor freld T o e pand p stlative G He giver crmohiidte

Systewm ,
‘J“___




A6, b

%@% {fm/% o @W %%ﬁ /W? Hvsor )l
7@11&2; o Semt o0 am  SUS WWJ:M as f)//f?
drd J?‘Mf )2. Za. He /zoué’w?é ({Wfa;ﬁs e bl
%Wm—@% L8 Gt £y,

Dfeinoive V6102, T cpppmsnh of e ot Foar
g’f% “KT'MW WCA"'“/L’ Sys/@rw ae

P a@rge) 7P - cprelp)

?: Cj(,,p) = %"P)'@J(P) ; gfd (p) = §£(P) ’ % ‘P)
a/ /Uﬂv'v/' P

O/ et tomppt 2 s

W A3 A crndinate :7-44&;4«/ A5 m/?%dzm»v@ _/

7 cad ;W.rwsjw’;,z et P He vedyrs o /z@ nattoal
Hrs1s  ae wa%&j/ma.{}‘ ffﬁ} % 4

ﬁ%‘(?)r-al (tPfd‘) )

e f Ao crdprnie 5;:72’*»41 e o W&'axﬁ?w s
ﬂ"lmc-_j.lh&/(} ﬁ]l jé’\la\% 7%4, y‘{ﬁfé/s 7%4 ,mﬁm;f -%JII el

S Db A2.5:3 and Thtsem A3.2.7.

2
Y. Taorms A2S.10, 11, 12 and A 32,8,



A6.1.7

. 1
wot A m%@,té 0 AS He s arndy &I meWJ)
7ers ,&{df w B

ﬁ:nﬁmﬂé M4, Lot g (p), €, (p) - ¢ (P} e fe

sutmell IAS/s A a MJW?'A/M Wi‘ P 9{% Wyﬂ,.,é
covtdenaie S;;.J/a‘«— 7Zﬂw Ae Wd WQ%IMMJ ﬁrfr

i_fﬁ'é‘ u/;,g{mm/@

= IP _f_@_ = g‘(@) /MJW) c=r/’ZI N
(o) ]C (P), 7/;&.(9)

WM qf/;@ﬂmr‘ %L/oﬁ whbve 7 A asouided st

Lasltc aa Q‘—%ﬁ/ mﬁ WM S ol cd_rém?w.:/mcf
Ly e wandes < > qrend St encbices )
7

Zfamea?/mﬁuﬁa/nﬁ /JI&A/WMV%{/;\,
‘/WIS % MMM ;é/um, {MM ‘

Thorere AGI4, Lef e comdinaTs ptone Lo ooyl
JJen af & pnsirglac it e Mﬂaf Comprrenk o
ek feld Y andl a zepel-ctden Eror- ,,44(’2/ T ane @W@

- l/ =
ez /9

d L. Do A2.3.6.
“ g orihpe A2.3.9,



A6, 1, 8

Lnd | 5 T.
<U' >-__-: 4 e T LJ — LJ:
T ? L g jd ?/“"" - ?—dc}_' J

W MW¢ i et suspends e <umeninion
P

Ly Lz A6 2. 0

e s ansidonble cofusimn an Ke Gledos ot
sr'cjcwmzwé. When me cers = atoments el ac
T e cyleirdninl comprrent Z/%eﬂéaér v o< (v v, ). »/
z/%/m ir oo e whie. HKie ze ﬂw'wc;t vl
W/}’WJ@ MW&/MWM, We sthall fpve ovs o{ﬁ
M%c&oue g/m/v erms sl enTt ese Z/%Mg < > £

note sbionsmminl Gasec ol 7419,‘: seat Wm}ﬁ: :



Ao/, 7

Supplpontaey Readiny

LOWEHN and WAN G Introdectra Co yﬂa‘%ﬁ ! ///nmr:s
I/a-( z, [/ec/é/‘ and Tepsor A’w@czs

COLEMAN, MARKOV [ T2, and NOLL | VpseomdTne Floms of
/(/m /(/m/“ﬁ’mmw Feerd's (Aﬁﬂfmﬁw ac M aifeunntical &me/avé )

LICHNEROWICZ | Topisgr lods

/I/W-L y, /[.//»‘»:/'/c—//m/‘m,/ \7‘/"0‘4@;

THNAS,  Coneph fpn Tevsor Apulysis avd Offpeortrid Seorstsy

TRUEZDELL and /VﬁLé) I% s -Lpncaw Lol THerves f PN ?
fhindbrche dow Pagsile , i T3 (et F2U6¢E) 7965,




Ao, 12. 1

A6, 12, Sowe Putadee Gutdaete Systoms

L 7%;3' jec«ghﬂ-, W gyl come / e mere CZ}WM{/}
ased corthirate uycfm«.

e

/
@f&r/&w Cordunstes )
A AA A A

Lef {@;5?” €,, - &, } e a ﬂed {%@wwu/&méﬂ
gﬁ- St e cann e e /gﬂaf/%’m rfc/p/'%m*?fﬂv;f
Pé E,, wletie G He 711 o ﬂj‘?‘

whee

A = " —_— i A - .
2= %P = X(p) €R (=12 -

. /2 el . s
Jodl, ;g/g}--‘/g ;,ﬂwy%z dunel s A fé’,}?zj--,.?,,,.

) ;@?‘ He cnntyse @/ﬁ)éﬂi%.?o y we nore ST

——— r P
p=9+0p = Otx'c. =:p(xix’ .. 2"),
%I.'S pwo-T —me W&Pﬂ/tc@td&a /MWS p 6&2 eqcl
ﬂ’MJ ()23 2 x") s R" q%(ahf:r . (s cqrtdeinete
%@"‘3—— ﬁ fn  Sarce He me —F —me corpand erice
bl Ktaks Wv) a Carboren  cortdbinde :/eram, Lras

s AO Mjwﬂt&u prwdé

’g Dihm N62.4 4 Mo Adurandes ,a:,,éwwmf §4¢6.0.




Ab.12.2
/
e vechys ?/ He sahidd fosis ane g g;,_ )
g (p)= ﬁ;( 2ip), 23p), -, Xp) = €, .

%:j //74v o (aderon crmrdtinate s(/%fwj zgact, ,,d/fw?‘ S HBe
Stme  safmel Fedis,

A ttagule. @t crtimete syt s zoimply <
(Gterion comrdinate S S Lfbe e cf_&ofw;«g OrS/S fgh g, - -

74
iy /bﬂ%ﬂWﬂ\ﬁ. /ﬁ’é/w ﬁ ﬂ?‘aaﬁbe— /(,((M é,é;m, £< _SWMJ_Q'FC/}
s0 m%q/rw <5 pross, G

Zéf ?@5 g(-t), _8.<6c;>)' §<.?>} Z 4 fo‘{ec/ %wu fcme /m—
53 M/d/%ﬂ dxs/s fg“&§<;>/€<e>}%‘ﬂé oiiismstinnd.

JPgr. € Carn wnte He PR G e gfm? ot PEE,
/M/MW b He Mé‘fml & as

.
OP =% %« 7 §?> T2

whens .
xX=C 0P =Xx(p) € R ,
4 = §<3>'@P =g j‘ (p) € R ;

_’g, Fraoeme A6 I 1,




At 12.3

Difere

dwd

“/DW‘ =Yl @Y =:Fpye [o®

g = 7Lﬂ/v1_l ‘é"_= —1 Ag(ﬁ)) ='é(P> & [0/ ZTF)
ot o
Jhow -1=1/‘m9);:rm5,

Op = Orrase &, trow p
p=0+0p = +rcas9~®+rw9§?>+2%;‘?@@6)-
m e-fo-ome
| %lmpmd&nc& Mmﬁwé P € 8_3 2vd 3

; ~fples (6,2)¢€
& clled a cpcpn el coprdenatc %Sfm,

%4& 2.7, ﬂf/W:e %6 507{2/5&:4';%&,9/9%1&4 u/f“g" .
given cinenlbace rjéw.&wa/ Cortdnnafe spstem

The ectors % Ko ywturad Basis are
2P A
€. (P)= ?}—E (Fp), 3(@3)3(&»)) = @O, tswE Eay
N
¢ () =28 (Pp),6p), 2 (p))=-rsibe, +ramsey,
SR /A A A
@2_<P) = 3% (V‘Cp)) o(p), Z(/,D)) = €@

N Qw;lﬁ GL‘J{WM% #ae MM Gasis x.,:s- M//Aaafrmug s0 %4,7[ 8
cralun ad*éw'mm:'caf Coprdvnafe sys7ent <5 aﬁéfojmf) Arweven,




A6.12. 4

/%ﬁ /Md/ﬁf/(a/( asts s< ,/w#_ M%{WWA/( e
€, ()| =

circlan 4
Lt

Te W/jwwnéfu‘c@m_ Mot e 7?77 cal
/ﬂmvf P /5 céfw/;éo,/,% ARe cntirsccFne g / e so%&cc_. -
a cinenlan ?ZW,QZ&» o Andaus r WAose ars a5 He 2 d/x:fj
a//z@me /aa/w,[&«/ ,{; e Lg{-—pﬂzme @ad Lpcafed o
/L&j&uf Z 5 @ plave pependscnla. To e -I#-ﬂiame
winch awfwms Me 2 —aess and Mm&swmj(e =
wth e xXz-plane MWle. Fwatsrevts o counn Conean

ch(zwafe %s/ams e gf&v\/ GaseeS ﬂ{ secl Wcémrafc,

=1 alls




N

S

Ab. 12.5

M @m&ma}ff S

Lt Zﬁ}' §<x”§<y>)§<e>k Y/ %}eo/ww ftme
£ g_; wtte He Gasis {§<x>,§,<g>, € ey § othorirtinal | Jew

wl e wute Ha pasitim vector 2‘“&1;[/9%-3‘ PEE,

/L&ﬂaﬁvﬁ ﬁ e WM}”:' O as

@"’ _

whow P =l YSep TEw
9%%6

L= 0p="Zcp) €R  ofe,

r= 1[12+22+z: =)/(Ecﬁﬂ>]2+[§<p)]2*[é‘(pﬂ;ﬂM@)6[0}“’))

oy 2 4¢ 2
P =tu £ = o g—(ﬂ% ~@@ €lgzm),

=B — =g’ Zp) _ :;é( )efozn]-
Vl +5'2‘+ 22 .‘/Ef(PJ']2+[§(P)]z+[§(P)]Z F

p=@+@_§ =@+m9@¢%m9m¢g + 1easte ==H§(r9 b).
LA
Jhis Conspmidpice. felwen pprant's Pet; and 2-tupls (r @)

5 called 2 gpfovicel Gmisbivede systeen.

Co@)x [g21] x[0, 2T




A6. 12. &

%4& 12.2. Defrummune 1AL M’ijj“[w povnte fo
@ j,r'ufh/t é/:z—/(@m el corthvale :ﬁe,

Ll

T vechprs 7 e natwal (asis ae
e (P) =g—§i (R(p), B(p), 2(p) = smbaspe , + sinbsndbe, RETLRG
,@Q(P): ;gﬁ (t’”\(p)) é\(p)} 5(;)))) = s Gas €.t NcsBomm ¢§(;>-VMQ € s 3
% (p)= %{% ( ',’\CP); &P)) 3 (P)) = =rsmwdsmy € oy TrsmE osp Sy

/4 jdfm« %@ ”UV{W'[ s s ijmafj <0 M @ .g,a/um,o/ WM g&ém
£5 M’Z%fmdm( ) W ,r}?l s 1" Munm»f St i




A6, 12.7

/%W%L %/Mfmffﬁd/%é%%eaémi%ee

w@s : &:p/@/w 2/440[1}& r chf 4/7%6 m/’ﬁw—‘ @; 4 cme
@//;%W E it vedox af O Aose axis is She Z—4KIS ; @
/afme W&M‘u T He Jg—/bgawc, woade crtres e z-axs
A/ pdees . ngle G ikt He Z2~pame .



A6, 13. 1

AQJQ.JQQQQQQ% Z@@%@ggéﬁﬁ

Herz wve ,ohMJﬁyaﬁ %tm/maﬁ«m! M a/wujls %
ottdeniate 97575%4&: As o & A6, /, we
Gt He owe-t-me Cpnlspoarrdesice

P= E/s(‘lf)‘x’i . ‘Lﬂ))

J

Xt =3¢ ) b=l -, h
P ) /4

WMVJ(JMJ P € gn and  p- 74,74,('15‘ (@lat--- L") e R" dpnote
7 7;4(4[ cortdirode %ﬁm f"’ 5;, , Arew costdeate ?sr‘m =
Q/%u'aeo/ 1,? a 1w defféw?céwcc:) 51;(

P: E(i’frii ) in))

ELE = .

Z%zdﬂﬂ%%a/aﬁ%fj?ﬁmﬁnaﬁaﬂdo %%CéWWhhglﬁ-)w&uL
w dho e fovge §f R (712-,0), 5 aw n-dinenssiml



M% s anell CMM'W’K% and Mo Wageﬁ wtlee as

i":z ;c-(ﬁ (.11)3'«2; ___Jx"))-.::i—,z(\_xi .I?; - - —J‘Jﬁn)) {;’//ZJ “rm (CT)

fméa'iﬂ j gﬁ.ﬁm/ vt :c‘-:ﬁ"(p) we ot lad G He
vevse apbitians

b= 20 (2,32 -, 2) =t (Z) 225 -, ") ¢l 2 -oyn , (ICT)

!MM 46.13.1, The mo- fo-one covssprrlovce fefiton
WCJV;'JA/”(?S x ¢ and Corrdasrates X _%%6 wm’}g,w,/ﬂgn

;ﬁﬁ&_n‘ e/ %ﬁ CT) and (ICT) &5 a azidinate Aarsfermdbor.

%/WKS&) 7%5 WW e Wﬂés L
o vy poit which s a Singlan poak e eiffon of e
Fvo Waéaﬂwé' sychems wndenv considesationv . /{fcﬂcfw'vf?) a
GHchiate %Mm?ﬂtwnaﬁ'n—u Htnks dpun whrne eqfen cof of
Gridprates Coreopmds G« Smgnlan ot 7 HE wsprchve
ar1chinete  syeteme, Zn whst ooz i prssi bty =
fbm[éw/wo/; £ Lo cwmbnsone Co faeys /Waﬁé} fHe
s cperner, Mofe Kt s zirteodudtions gjfmoémuf s ;/a/wwf
Coptoin <tes wtrl o Mé{g Coprden e ,éwf?;ﬁ,mﬁém S
ftfngdan Goeslpn corlinates,




A6, /3.3

Z?Z,c‘sdw/oé%mé/;é e i He o of
Cortdinate Apans foto et TN S iﬁva @Iy 5,.,)0,4'5 a W
M/ﬂ A(.S/Je’af ] Ciw;w:/%m, We ,&4,«:) /ﬁzWMéﬂu aed
7y o 1l fos e AMaee 45 Exorcise A673.7.

Ly #o havin ke , e smocthmess
M o7 Crorchis A TE sis/ms rre. %,,3,,‘,6’,% A6, 1] cannies
over G cortanall ﬁw%umuﬁhns, /;Wa,% Wl Jane

Do A6 1.1, Jle fransgoiantions (Ll ,20) a5
79{ Qo S c_»./g@ eo/ by () Zg caternencs U,ﬁk:/wfmdﬁﬂ‘ﬁe
C@f;’m/ﬁvfs (e =/, 2,7, ’7). \fmfﬂa,u@ g %ﬂ Er e /M{/f" trnatine
(127 -, Xt of Qovke 9 Sfuined by (ICT) fa:
Eritemrceons b/,ér?m‘ ! Penre! patis L csra s,

A/%. Eroesie #6732, O
e Z//Ae. safural Fysis zf%zm&w (o*& oy

C-(x'?”“/c,/c-éra,/f ,?j.:/()pvv MJ%QMI’S.CJ j{/;ﬁﬁ 04‘/. )1

= A A Az A
< (p)= P (:f«'(p))L P, --- X)) .

% Conv /w@é ﬁwv o e W’uér.s ef e n,.,/zwa,( A2S/s jré{c
e &M’jjv?»v( (ﬂ Wé.wwc’) Crotene _.f,/.«_%gm m/,ééws, Wi te




A6, /3.4

Thow by He gyuapiste oo of He o wle,

——

A

P)d (i’,-")iw)=§§,, (ar,’(;'i»j---)i"))h__)mn(x xn))y_g (@'--
WM%}_W\L@@d% @W’érm‘fpjwe;d'

€ (py=xt (' @, T e ().

[fMJwS %@/MV A6 L3 e A WM:’J e
W%«ZJZ‘;% a 54/1/&4 fa-r’) Had

=, G, B = p)-Tap). ()

j&:«w) QM%)

bt

ip) = Vi (p).

Zepy= Tloziadd -, 1) =R, - -, X))

td tgain By fhe chavi sle,

VEp) =X (x(p) SV (p) ;)

WM My o s %/4@,/3.5,
z (f , Theorens AL2.11.

3[(/44,4 %’s Mds £4(_ac4'sc A6 134,

x").)



Ae, 3.5

g “(p) ==‘ZJ CLORSELOPU D
/ﬂﬁdxm %Wmsf/aw Thpren A0, 11, 3 hal

ij)(ﬁf(ﬂ»)) il Q,”QP)) - %‘ P-€ L(P> . (%)

We see (%) qud (%) %«f%z:c/gwﬁ
Cj@(/’tﬁu{'ws ﬂé{:‘:’e /W/’Po/ M/(, e =5 ﬂmofﬂs

/ Theorewy A2 e. 1 508(4/:6@[%
il 31 R v
C]’,j' CP)J-") (P)) = X
J J
J ()
:).'ifd, _;(,/chp)) _ ._J Q”(P)> — ﬂ); i
4/%,3‘6 M %@ O‘sgno//%g and 7%6’ Vaions [Lases

[/7,% /QM/f‘Z‘Z/ﬂWV"L ﬁv/%af é(’ M?l %d‘
e mﬁéé//%@iﬂﬂﬂﬁfzé/’ @rd  Sewa Mm/@zd%

/ﬂ@ﬂrﬁm 46.132. Je vectors 5( A mrahral ,ﬁzﬂg e/
A/L a,/a,a,é ,ﬁ&uj/pm W’Icéxmg /é )%ﬁg/é-é’/fumq @/
wndbs & ot chiae. MSWAJ/‘?M, )!

2 Z
€ (P = = @Ep),- P) 2P
E&CPF? (£, “cp»gf"(p) ]
ﬁo s ommesmarn X Lasps | wt pwe G e LEIBNITZ

mrﬁﬁ Al St atives .



At 13.6
e. = 91& =
~L &I" ~J J

B a_)_c € J
oXd ~

-

<

/7 /Wﬁw{m () com Sso B Condvired an'fb
%&’/ﬁws £2.6.2 20 A3 3.7 © fd He /Wsjétmaﬁm o/ q

/w yechor and Aeys o W %ﬂ.s LWl Aane
%@,gm A6,13.3. %W/4 ecter frelll &

are/ & 5€awoLmoZu Agr ,f,e/c/ Llans fotrre d{@»raémi Z
e //%/m’wq ks s l&mcé’/u 2 cam&mm/ f{m/zs,ﬁrm.ﬁm

9&:& An
z.(p) = = (Zp), -, Ep)) w (p)

Zp) = i—‘d (Bip, -, 2%p) ud (p)

~ 2X9 =
Mé =i u(). 4
& .
e = o%L .l
SX4 %
7 = xf !




A6.713.7

2L 2= T,
- g, c}_xl: oxX d kL .)
T L Dx'x0 ke
Sk ox? J

53 _ SEtoxd L
Tca‘ad,,;g‘—,o. e O

¢ ,_9:.:55:14“-%
T'a Sk Teq -

ﬁ(ﬁ/ﬂ /4m,/mnwﬁm nales we He sfmﬁ?y At
- p grensk ) 7ensoy aalycis iz He Crpoond = At frtenaine
e apreeonch (sce Ao disossjne o aafa/WM),

/ém'f ‘%/‘Ja ,{%@(f [ %-E-ﬁo/ A /KL Jasce gt Hhose
JZSSO(AM&/ wr &WJM curnban €an (JJ opposed %
Carsian ) cotdenate s gstom .




Ab. 14,/

6.4, Digpantidioe f Soclew Pt

let £ 0> R s a dppontetle ccolbe frel on
o 0/'29&1/(56/7" & & g,,,)’ We adgp/ e ca.fféw.ﬂ} %
tep) = F Pyt —zn) =+ £l 22 -, x7)

J
ML@ v AC
o pepQxd - x”) X=X p) (e fzn
Gé(a)rﬁ mﬁ"m covtclin ade %%ﬁ f,,.

1} e c%@vzrw@ (%20/%/45,2/)} 7%@/2,,,4074;%”
) 2 -, 7)) s abeo o goentintta . How by Forim
AS, 12,5 S Aas %hs%/pﬁvﬁ‘mf Leerynhres codyehe %

Do fxt -, 1) o1 = DBt - w0, el ol 11

e DAt ) U = e DR Pt s ) [0 plat - 11T

G Dpipine AN st e s o EALS,
< /vémj oon Dotseness exacte F Aoll.



AG. 14, 2

_ whidk 4 Favone AS.3.] can be squuised as
& Gl -, x2") = DF(@Q’,I‘,--~Jx“))[§,zﬁx',xf—--)x”)] !
=7 F(pecat - 1)« P, (2! o x7) (Tom A4
= PP P, (£'p),2p), - X (p)) (sithrm)
=Vfpd-g (p)  (Thawem 46J11)
:(\770(?)); ( Thenenn AG.1.2) .

We carw gz/f He WMWWWM 7 Vf(p) A
wmﬁ e f Sfmir@ % saaiic He widkyx Yoo

(Vwc(ﬂ;)) = 3&(&)) (Vaf(p)% .
fve 5 B Sove  estnblishec!

7Zwrm Ao 14, / Lef He spuly field £ e OAWML

é/ﬁdb/fmwﬁm% ,

(vfp)). = £, (&), 2¢p) ---, 3p)

~— /g. Theorew AS.12.8.

29’, Therren. 42,511,



Al 14,3

(v#p)) = 99 (P> ’[; E'p), X", X"(P) -

1
Jhas, gt fov grernk cordinates ) Ha coarant
Wﬂ’@v@g % %&W&QM 74_ Wmﬁ&fd M/Ar%%z M&‘ln?,
i‘g'/w% /ﬂﬂ%ﬁo@ Lrivafoves w,/‘.?c, #he @WJ/&MJHA/ coptodenades
o WW&; 5607{3'7/!5/ w68 hial) cee HaA FKe

S/W'm., /2 ot €O ;m/z&. %., %1’5{3,'-_”% i f’b/“é

Sorre w5 fou & AL/

/fe@ yZ §;Aéf§%v H#He /Cﬂa/magp/w (/0 case,



A6, 1S, 1

46,15, W% Vector Fiels. CHRISTOFFEL Sl

Lef g:&%%ﬂw&%&&:%w%/ddmm
spen. sef ﬁcf,,))lazm/ s o e Lah seHhm wmte

N
vip) = VP x") =5 y(x]xt -, x")

whet

J

PP, -, ), =X, iz s

Q/%A)w @ fm;w crordinate sfg%&w S &, .

by He hpin whe | fe funihae y(d)t - x") fas
mckx}.a? /4',”# /am/;'ﬂf Lrraives

Voot x) =Dy (peaat- ) p e ]
= Dy(p) [ (A, Sipy--. 5pn] (bt
= Dypy Le.p]  Gasrten A6.111)
=Dup) e-(pY  (Hmor sokaba).

/%/,ﬂft Taorenme AC 12 wt conn 2o wiite

/9{ %/74/% A6.9.7 oy He M(N[Mcé(%ﬂ/b © < Ao,

S Wpde s auf s % 26,15, 1.



A6 15, 2

vip) = Vip) e (@

04/ .
VCatnt pzn) = VR 2 g (et
WZM,J %Wrse)
\/k(x’,:ﬁ) o ) i vk(@ale X))
amd )
_ 77
gk@:ll, ___an),_ a(P(xjx/ jln) ‘
ﬁ%mﬁ'wérw Z/ s exprvssson %;'6@/5
f = ‘2 2 n 2 n :
by Gl ) =V s ) g )
+yRG ) e, ot o )
)7 Nk‘j(: W, J / e

The Wmmw/w Tgbiflili-—-jx“/\) i (/fé wre
aAusmed o pﬁ/m)/%m /58@, Vil 7// f) 5 FArp- Awes
WWJ&% %W’w#&, %«nﬂvgz dun, Hev z/ﬂ/w:/’m.r ﬁ-«

vV ., wE 5//7‘ (b He Méza/rrw,ﬂ f%xz /fm«,ﬁm_r Suf/m.:srd)

WM) 4?, TPeorcm. Aé'.//.j)



A6 15 3
Q‘}- [(Dy)e:| = (D,z)fi, J
And @ ﬂ%,,;,,zrm, A 1.2 and Poorene A2.5.10 (<€),
gi-gk = ?i = §i ;
/ém/ we Pawve jauoven
JPooem A6 151, Lef He vechr fidd v be dffentisc

ot e mem/m, ot P - Tt f/uu gl WM—;"—/
L Luvrfive ane vt 6}{

(Duip))<j =vE; (2,40, -3p)' licj [ G- S

whow

= Aq A A " R
g R ) E =e" a,(p)pj(ﬁ»)) S (/P))' 325&_ (i’(p)jf(p)) - Sp))

& He CHRBTOFEEL sputilf te sccnd food

A A A Pl Vg

J ourse, poe Ca He 0 coprent o DY (P)
,? w{»? e ? :ﬂﬂ“‘%ﬁ?/u«&e ond Lyt AQZ:&.)’

Ly Ho Lvcor Mgu’ G ahyne Gsee o %eW-
/WM«%‘@“* m& Waduj g <At ly cazs e noaAms

\/‘S,J-+ {::a'% vk = V{;J - VE’J - Vz{} =Y 2 4

/g, Pooren. H3.2.8.




A6 15,4

and How s guanhly is clle) F< T gaviant
Lenrere 77%5 M caravanmant Camx;dﬂ”@mf %’ /Ka veclor
ANAAAANN

/fcfof Vs

Ao % g s a/m/ﬂg?%/ S & coveniedt o
/ﬁ!tﬂ//waﬁfce a 7w WM @ f(/wmv% ,&Mj He (eppaen
g o gk; } '

Dnfir A0 151, T HRITOFEEL spgel of e flic?

L, L glz;‘ &

- %w Ho CHRITOFFEL  scombly wne cbrot %
¥ :
Ly § = Ty ad Lepyil= iy
e, Hds mobac i He nate s f sugsaoog

7%1/7‘7@ e Fersar Wm/

% /49, 1S, 2. Levve %&/M%w,;{ﬁu W%ﬂ/ g/e;§ ndon
& lomhate M/Mﬂuﬁﬁ“ 2o canddale M Hrt e
CHRISTOFFE L {M BE ppt Aegsiar cvaisardh;

1) Thogrew A6, 15,0, Tha CHRISTOFFEL sppll e He
W— r v
UW&?‘ ,We_s:




46,155

) {h:} ={*6‘t ;

dk

(i) [ ,] [J“ ]
(i) ﬁ,‘;g =%”‘[l%r] ;
ccv) [yl =

(v) [hésd-} =%.(gc3m+?.jk)(} "gk&',c)'

,%qr %&/Gbﬂ ﬁ () —(Cv) cpushtnte Lxercises 46,153
— G, /o prove (V) ,we/xfw/e/éﬂ,w %&,‘,,%;,”/}6.//,2 A at

o =(€-0¢&. = & e C . e e« E
Fim ~ % S0 = L = T LSk

"“Jd Pju
- é\)ad'(, (ﬁ@é Cz)
= e . ( Teorca A6 L1 |

Foe it Ao nosibb =

: . — g¢.€
3'35“ +g“k-6) Fhj,i = 2¢ ~j



A6, 15,6

pﬁ/bé {V) 4’”’0/ (‘(Ct‘—) %Y&M Ao 1S, 2 vad@ e €aldy
047 1 cudpts o CHRISTOFFEL symtnle, Zao e

W—WMN Vi Wﬂcﬂ [= -,émmfs) e
Comdinode S4shtm il be chawcfrived Ly J/a(a%aq; He caupmont
2/7% it Fnsor (He q's), and (V) and (i) wrmdet o<
He

%/'ﬁiﬂfr: %%4 CHRISTOFFEL WI

7W/ %o He Sy 5 a %Mm vechse ikl v
. Amit %( %/74/“—1 A6 6.1 it

a@g =2 Dyv
= (Dy) ¢ . ( Thewon A277) .
[ ﬁm&w/f’é,/g,/f'e/ds

Jegrom A6, 15,3, Lef v de a JifeenSindle vochnr fiddd.
A A a4 amr— — /44 [y

Pon

Yor v = VC;(; + {;:;k vk,
e awd of @ Gffesotilile Vichhr fiehl ¢ a5 0 G puenc
//};w&ed,_ Aétz) Wl s - Al ann s Aerct one AU/ A
T f_s 2ud Seppase Hind HKe gstociafol Hranstoption S@ace %
fias Feone stsentod '%, e M/}Wf ~ Vb srenSatroe

ﬂémcﬁ'm, A . M@. %@‘A/%wx%, +d,
C(Mfg = ,?M:k[\?kw D_}_f, ,



A6 157

@ ﬁ@/fﬂm A2, 6,0, J%fﬂbcﬁ%«/w@f?%/ d‘%wzmév'f

W)MW W%e

(C{,{,\[l/ L'/___ =i U4k
,./) A (QU ,@_,2) Qj) < (Dlﬁ) J‘k

% Teorena, A3 2.8,
(DM)J-k = 9y (o)t

and
(D..‘{)gk = V{k -F E,\fk%v”"
j} Teorone €15, 1. Thus,

_f (:Jk

{
=5 13 ?(fﬂ (D¢ ). k

(cud v) = e e

._,1,~2,-3

_ / C&lk
_ a5 (Dy,)fé' ;

4\ (“-'f 22, = 2)



A6, (5.6
o [Dg}f} is b,
by Fewom. A27.6,
Late, 2,20 = dot [g,] 5
Alg, e, e)=* “l/dﬂi[jl :

N

oy

Wo runst chpae e + Sign % te ik s T8, 8,8, L

PAS -79/05/'74&6 end A —.S,‘/g’w ”/ 4/ 5 /M%u;vﬁ. )I %3, 2/

conrse, de;aa.,.c/s e Hhe cortdinate %W and o She

HAoice P o 7 He Fanlafrrn spacc. fuedte G

Z crpidinale :Z‘;M and a yrtemme WWM/W-QGMJ
T A Nagpens AL Dle, e, e,) <O, Ho

2
Alg,, e, ¢,) =—Ak,g,¢e,)>0 . )
]ZM-L M WA?J W&mj,@ﬁv He atinal oy o He
/49;/4‘&’- @— Tt Mﬂﬂ % He cortdonies.

‘@/ijm

Thoorone A6.15.4, Lot v 4o o digfeurtrutlc eckor el o
o apen st of &5 . Lef Ko associated FtuCutin space 4

Wl 'See Dpeintrne A2.7.6
Zg, Aiorn (02) f Q%M,;ém, AZ73.



-

N

46175 7

stinl Ssls L5 pasifee oF fe pant of enteness. T o
Hn's pﬂw?L)

(ady )= 7= 9%, (D!

i 2 /
g =ddlg,,]
and
- (’D’\\{)ga" = Vg’g] on {/f?}vm

W o cae gof ot He conprocts of fo canl e e
W-—/A‘W‘JM”AM wle %a//xxgacﬂ, A/&wj 7%2&;:, <5 A
Ffake e G pAPSS/nS fév e MM 7 e anl w.yp i
4L /MWMM Cades s Wduhffe %‘f&w dited FApoishrtine,
Hom Lo C""?"Wi w.r?, a/jfznm/ Copthinnd %{/va, LT
wl f cistiactive T tomtbe Hesusto A | e cause A ol

ﬁ«z ws G Ak frse cpth sevciaX eff%e- 47 Jloas .an She

W— Mﬁaﬂnﬁm wdy appmoach. to Ansors,



A6, 15,10

//wjué/, e o mms Thaoromn A6,6.2 Hiad

W W ;%ﬂ col w.r.#. @A{M/Wm .Qn/f’uéwv
Corihpy € ?.s;éx—w cohose Hasrs Z,@(mg@) §<3>} Ls pﬁ/;{w are
‘%- | . |

(ly )2 = Z gl v

J,k=r A

ZJ_Z{S' v 2% ¢ %ﬂ /uUé&MJv/w W’J’M C/Mc[oma)é- 5‘757lé4«~
qard e ’%L {pe>xt.

/:/émw %Zﬂr%v/rré/s_é M/Mﬂ?owg,a V(’O’J: s %g
- (/}7‘794)%«\/74 { D,.‘C h/.f‘;]". {HDHQL}/' "fel)
k <k>

. D\/ S o=V i

(Dy) J >4
This «s launse Ek;]j :@a/m, {Pe—sac}ﬂvfndi s ce
CaquAWfﬂﬂdrGW¢%A%M%4¢7Lqﬂ@anm%aé coalesce jﬁv
fw%hunm4~’1ﬁm€5/ 4aefana4/dﬁ¢gﬁgg,wﬁﬁ7 Jots

— e
(D"V‘)<kd'> v I

Af_J/t/é Sé((g,e E'Q‘I‘ ,(5 J&;/af 5W, Aiw v
e cmsidet afinrs % %%44) ol Can View T a5 He
mqué wrt | &m«*——hx} 7’ fhe Hind/-o1dn Hnsor

N



Ac. 1511

Gk

& e @€ Qe

cors o vgs  m<k> T

To gt Ho W vrt a W./ Coprderraite S?ﬁ,‘éhfv
lpozl we pust use He apporquinte Hans il

F ik 3T° 34 3z am )
- 2" Ja™ Ja"

= @ [ZL] en”

@ shdand pesuld e dformiinante (rf matvics)
liz Cazwida/ %Jéﬂ;’: cﬂq/‘f[éa%% %as‘j’mféws, %@fw/m-

vzt W j,‘l; A ;e /CZW“’ Coptdley e
,?.sfzzm {FH&-&M

g g(.d‘ — €<{>’ €<J>-: Sld :

gnd  d.rt. He ch/fmﬂ/@s&gx%@n {Ez@i} %im g‘#

% . 3 e o s "
T e 25 IBJ g0 o, T B BB
—_— e m el
g oM axh mey X7 X

/V%{,M view 7%&!6 ﬁ/p«a)»cﬁ,( Syrr\/r'é s omont %ma/at(s

gl -($[Z])

— whid by Thewam ALS ocomas

/4;44:4 see (A/:}‘ /71.4; abso ?/ THtoyen. A6. (3. 3.



46,1512
- 3 — '
(&d A ) = (Wtl7,1) -

3%‘4 7%2 spe mmj wl rted To Erp
[&P SMJ& WJ/AV‘G ﬂ//h-?ad"#ﬁ:

&;«w/o&« e WW,W ke Lo e Veo/mzv%,.

atmed Lpsis :)’
;abd _

e b e

%U) >x¢ =3
" d = = 9£1_>
A@(O)fg@)/ §<3’> - A(__’ ’%' ) 3x* gle) EYER7.

_ 24 Dk axt
2x! 2x® 5x® gkt

F
WA (25, 14(8,8,¢,),

W,we W ﬂéeof%! Lo o M0/5/-QW~W7 AUAY

and He %/ﬁ’m cﬂ/;%& W"Wit/ ot flpw,
Shedted i with A, Erpy,Cry) =1, amd f «t

/%m‘e, A S matural Frsis oF #z WJWWJC—

5357%1/"— ZPHQ&e also %4/003//4:/6 Aew
=
f | 3251 >0 .

%3 cond B J&W«Z? d5Sum€d (Vw&mfe %Jf?zms

" Theviern A6.13.2 .



S

Ab., 15,13

i?@m}@d Epﬁl}) #he Comporent - %m/ﬂm»ﬁm Auhe
W&oﬂ, Z};WM WWW,/ASPJ prY2
Dba-pamded, e sill acdpad F ez, y/ f’.— e nos. O

af 2 Fp of Ha peins page,

ol
oo
. %-;M)‘_?JJ]‘
@Wimﬂaaﬁ@fﬂ%iaﬁ/wemz
2 g wk = L gigk
g

a//éu a/MQé e jrd My %Jdﬁ Mﬁf Wfiﬂwﬂvf
WW iu//' a J(‘W'\/CMMA/C %Jﬁw. TPzt (whue ek
L#Sis S /;J‘./ﬁvf) L

gk

= _/-'—_——‘i ¢ 'dk

fits  Gompmrends g9 e % 4,¢ar%/n;u/w (S emizpa
cerrchanle sy shemn (whe jonsitive h.s»cs) We fune prfto diuctd
He € mﬁm so AT £ PR iz alnys s He
Wmﬂéﬂj W %S 5 a STandand %{/766 Sod zore

auw/Pors MhW AL q4tes 7 E snd €.
f?efumﬂ; y S/zwﬂnpg M nvp-/}té,/f;/ﬂ/ M_C‘N



A6.15, 14

oW 57 %4/1(/,/-7!' /ﬂ/L /{luéﬂjz-/m az"'oéﬂd‘e %(,Sfawv {Bpex]
(Mg)Q'): <bdh> (D ) a> g

ond ll / %/’";MJ,M e Ayisor wvyomem‘&(unf{pax}),
7Z43 £ Wﬁ'd[&u/as o m%@MmWM/
7@4.:0/4 M//‘f ﬂ;/ﬂ%v Crrchiange Sg‘sfm ZP«—)-;(_,} te,

(wdy)* = E%9* (OY),.
d
J}zﬂa%’u%/ ;«AJ(M rd s

ThosromA615,5, Lt o° B, 'k and B° “ b
- k i J d J )
C 7" 4e W”“""é Wit Wm—zcﬁmaff %ﬁ,m;
EPG""}@;P“‘JG } G fyastorde .émsm« 2, a smd-Ma’!fu

Fongr B, and ﬁ?f[f‘d"'moféu Lonsor é) S

@ = kaﬁk' = 67«0=5‘;’k3,e- .
4 J

A '= —/— @ =
But Sxt 224 J
cXs* :9;1«@9_»‘;9__" c 7P 2% 3" 7
™ 2z 2xF > R T ouk S5 9r )



A6 15 75

70 35" (;ac QarJ Sk _-mnp) >2¥ 33" 3 )

322 loam >3 Dz°P oxk x4 $"

Zus s A QJ icb(« mnPB—
| ot >z axa a.z“ Sxk Sz 4r .
% (1) MP,A-’é.B,S and TRorom A 2. é,fj
> ¢ Suf Y {
2=, = = o{£ ﬁm = g‘m ’ )1

oxt >x™

=S, 5 8F "B, =& FE [

Zr

J}WM msay. Had cortdenratte  sysfon~
f" @7 7
?‘—*I-} WI% /&5‘/74% ﬂméap@ ﬁs,es

(wdv )= e4= D), . b
y )= e9%0y), .
e ok _ e g"d'k
amdl 7/3_ ’
.(D”)’v Tre (DX >'a J
so Hat
/%s' &zﬁa/’%ﬂs m/ﬁ{/hfmjtffmv %MM&J /:e_)
% xf ST

¢
2L =" Somm T S

" bt e il o gprond copchinibe sysom TpescY nithos i
5@@-5} so 'WMﬂJWa . o ot ikl pbafoss .



N’

(k)= 7= =g, 0

M% AR Ww% %ﬂﬁw A6 /5.4,

dipeliees. Budig

Same as gor S A6,11

46,15, 16



A6, 1o, 1

H0.16. Digpuctutn o -Gt Torwer Fidts

led T : B %M% y/ @JWM—CL SCemcl— s1den
Mmff%ofmmé)msvf“:@ an)>1w1/darwl%5
P vions Fo sechms wute

Tep) =T (P, -, 20 = T2 -2

whoce

Pcﬁ(lf)lz,r"';xh.) J ‘L(L:iicp)) - 52’ G
%@ s ;A)/&V“ m/fclm‘/laje 5‘?{%—% 541/ fr)'

A #F e vaee] <5 Yo oﬁ‘vqgmcg v T . Wﬂ—/m‘ﬁu‘
7%13 a}o[//wdf? b Thegpen AG T 1 ?,M%wwcu}q }%ﬂy(oérfeﬁ/

.
v )= (T )e

ady? i fpn X € Yy, Thon aé;/z(p)/t&%fW' e
l/it::ér‘ WTJ;Z%M ATt 4

divy @) =(ivTp) 2 YV unpran ac?,.
Z:; Feens 764717/”0\7%)

Jfg%ﬁgm AG, 41 ond 7%2 ﬂ;‘/wdavﬁfnm _(-a_ §146,7,



—

A6 16,2

i=Tlvg, .
yo=T"e ;

b % Thorom /46,/5.5)

dwy, = \/‘3: + 5,;1-}\#

a

1y i e (’/ .k
= T4 4. +Td¢ .}TJ :
T 3 60[5 ‘f‘T atf'ﬂ: t ik(, da

A/ﬂwJCC '~:_€2 d)'anol Sacl. @ Cérﬁ/}a/u@,ma/m/aasﬁlfﬂv}
] /

: kﬂ/ k @Z{b‘ a
ad"ff:“d'ﬁf:'@’:@né) S R T L

/%/6 Mﬂ/aﬁ?ﬂ-’ ‘é a Wa/mﬂoémafé Sjg/’&vvv a m%,,(yuw
vector ,fv(/c/ hes rot MWM W %as

diry, (Ta“' gkﬂ‘r“#?kdﬂ?’k)@d-
= Gal)-e = (k1)

thcﬁ %kfmwos/ holel VQJ e e

Do, A6. 16,1 LA T fe & hppenhioble stimd-p1don

Fnsor ,édo! Then He mewm _ﬁ/_xz’z Grergonie ane
vt By

(4eT) = 74, + LglTH S LY



A6.16,3

. y pord He 0g frmdes Taues bl
/V%}V’s%mézm Frtld ﬂefﬁfs 7 Methanaes ¥ 7 L2
| ﬂs‘W.

6A. Appendix. Cylindrical and spherical co-ordinates. The following formulae are fre-
quently used in this article and are likely to be useful also in future work on special solutions.

&) Cylindrical co-ordinates v, 0, z:
Components of the unit tensor:
: . R
Ere=E""= Lrs=R""=1, guo—=1%, R"“';’". (GA”
Non-zero Christoffel symbols:

{rof)} - {Oar} = : ! {0'0} el (GA.2)

Contravariant components of the acceleration Z of a velocity field &= &(x, {):

-

=g a HR A —r (302, :ia-a,i°+i*a,,iﬂ+%§'iﬂ, F=fa+ o . (6A3)

Physical components of the divergence of a symmetric sccond-order tensor field T':
T(rry — T(00)

1
(div T)<r>= 8, Térr> + — 8y T<r0) +8: Tarm) + ———-, ——

r ’

(div T)¢6>= 3, T<ro> + % 8y T¢o8)y + 8, Tos) + % T¢ro), (6A.4)

(div T)<o) = 8,.T¢re) + —:—_— Og T8 + 0, Tznd + -!; T¢rny.

B Sphen'cak co-ordinates r, 0, @ g .
Components of the unit tensor:
1

1 " =2 08 .
Err=8""=1. Ego=7" & rsnoR

Non-zero Christoffel symbols:

O MR

(6A.6)
{:’0} - {D'P.p} =cot @, {(pofp} ==—sin 0 cos 0.

Contravariant components of the acceleration I of a velocity field = (x, f):
= gi" + kO 27— r [(#%)2 + sin20 (3¥)2],

e fyp=(rsin 6)%, fidd

(6A.5)

= 8,0+ a0+ 2 305 —sin 0 cos 0 (392, (6A.7)

3P AP+ 3N A0+ —f &P 4 2 coth A%,

Physical components of the divergence of a symmetric second-order tensor field T':

. 1 1
(div T)¢r>m 8, T¢rry + = 29 T<réy + Taind O TCred +
1
+ - [2T¢ ) — T¢00) — Tww) + cotl T¢rd)),
1
rsin @

(div T)<8)= 8, T<r8) + —:- 25 T<00) + 8, T<0w) +

1 (6A.8)
o= [3 T¢0) + cotl(T<wo) — Tiwey)],

; 1 1
d =9, T -— —_—
(div T)¢e>= 2, T¢ro> + - g T<O®) + ooy 0p T<pw> +

+ .:_[3 T{rey + 2cot® T #].
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