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ve bave Showa Mk in RS e Heen have  dw = div D doe Ady ndz
To shots 4aak ;“chﬁ(?‘{‘{“j the notmak of W oler ke Sutface is the Jame ag ivx\’(a(.«“hj W
v cheose  gocal coocdinates Such klat toe Sutface s fn Hoe
Then the  potnak co\-«e

ovel tlae Sutface Fﬁqv\( =0
onenk °of W s fust Wy and vestaided 4o the Su{ace
W im‘tegéx’(\V\j the o givcs: the Same vesull .

W Etcomes
Wy dx Ao’\\(

{ (V-3)dV = f @3- A%
v v
Excetsice §§

Le4 ¢ 8¢ a MP fom Mt NV and et w e o {)“foﬂv\ on N |

v Sutnems»a w g cloSed (a\w '=0)'
d( ™) = ¢*de = ¢*0 =0 .

. SH(‘(WSQ W (g exoct ( 3(9—4)--.(00\ Ao NV with, Wzd/'\\‘

[ AL AR NI
So |€ N Ceo_({d(/{xc\ci— Heen (e’*w € also C(c-(tc((ixsu‘.{’,

ExcesSiee. §§

Lb @0 M= A ge ¢ Rap

v e we Showtd  Haad ctosed folns 5~(~\Y Aostd qund exack ,(o(ﬂ-\f
:»h'\(

exack pudes F‘wu%o\d( .

o At @t HH) = W) ] e [4r]

it s c€eo.((\( Cineas Beearose of Hae rco(,ah‘u of the fw\&chk ¢* it s Nb&*ﬂ&(&\ufd (

Led w{e[’wl =5 3/4 W - gyt :0\/‘ . So @*w(e[‘#aw‘s &ecouse ¢"w—¢*w‘:"((¢7‘)-
gAY M= MY s puetler nop then  (pg)™ HP(MY) — HP(m) .

Ad (g’

Excecsice Ao ¢

Define =5 +y" | Hew <dB = xdy - YOKX "

= ¢ N Gecnuse of Hae propnes of tie f“aéc‘ck -

*dz = dx a O\Y = o\(‘( cw@\/\ G\((S;V\e) - ((Jase!;\( - <snb Aﬁ\/\(&{yxed\l %(wede) =% deadb,




Excelsice 404
wdp = XAy - yrdx | o xdeadx - yAyadr (cast) dra A(xest) - (csinb) (st
x’)- & Y“L X‘L i _\f"\. \(1

= .1_ (COSG Az A (‘case < - <S(n9e(é) - Sinb (5(»\9 Ac 4 \(aséoke),\ 0(%)

-4(- ( Co$t8 dx ady 4 sy dxa o\(\

[\

Ldzade .

ExcetSice 407

dx6 = xy = d( (0 ow) = 2 cdeadl & g deade = ()< doad

& 3 (<) = < £(<) .

Exceesice AQ3Z

Define  Hex h"‘(’ b SAx Sy 54 ' [3\x4‘_“xn-«) —~ 4
The Afosm df on £0 ¢ clored bub wok txact .

Then (g = F’*a(e o ST S Ve Ao Closeh Eub nod exack .
Excesice 404

Let M= Rxs? with wekeic §= A+ £(e) (Ag" + sintd Ael) -
tel E = e(@)dvr .

= AE = e'(q A Ad( + O - d¢ade + 0-dbadc = ¢ ¥ el

We bave  XE = ¢(q xd( = a() £V sing dgadb |, because Wl = 44 Sinf deaddadb.
So d*E = ) (e(q :e(f)z) Sing denddadd =0 only holds when (<) (" = ol
Since 20V shuuld gual b 40 Lacje tel | where tae Space (5 Bncledean | We wew kb the

Lectq
elecloic (,\Qio( locis el E = ._%- s efn) = ,_"i'-—- = eln= X
o we (,‘ e R N
oo fe Hﬂ( Cab\se&“( fo e %/L(T = e(q = 8
E.XCC{{,‘\Q( /(OS‘ n Yw ,‘f.(t\t

Choose q,.m = ‘jt(‘\ ds . Hien we l'/uwc E~- "cUtJ .
¢

Excel{sice ACG

A

Let E"’-—%—i{—- n %* = :
- then [ g fs _ﬁ_‘;fs\nwem(@ J’[ sing df df E%.%:g,

S'Z.

Excessice 40T o

W‘?- : . N R . \
Caleulated the ofove W\’(&j‘('—\( White X0 . Thas Hat otientation a{ mcitU\Vj € fwdj

sulvacd !
n ~ - . - M .
*L\{ CasSe X < O A\",\( 0\\((\2‘&\“% 3;@ \V\C{QM‘V\.& < | LY PQ\V\'\‘\V\& {n wal 5\5 ; Sr\, +° '{QMF\IV\

the Sane  ociedakt ' ) - : i
“\'\’k\\ﬂ‘\ O'( tle \\0\?‘\1\4 . W' L\_C\,Vf h C/L\qv\ﬁe -H.\Q rS\CY/\ gi «“,\;( VO{)JA('\'Q. $°(!’\. M>-if.



Exceissce 103

b E 62 a 4-4fotm 1n n-olimensional Spece .

Thea Gt tust have nonzeto K" a o<dec :(—o( thee {0 ¢ o (n-1\-dinensicna £ SMC‘F\C{
S wilh j»{;’ + 0 l(,JL{h xE (¢ closed
Ay

Excetisice 40§

2 z

o ¢ he 9 (—X )= Xltylve - Ex

dw s He Sum of theer {eqme Ghe Qx( (xz,,\,xwz)s/z) (xtiyts 225

Thus  deo = Sy 4 2)-3¢-3y g2
(x*x yt & L"\"{"

AX/\AY/\L{E =0 |

Excesice 110

A (n)for on R7-10F Hak 15 closed fub nob cxocd &
w = X* c{xzn ,__/\Ax“ + )(7' AXBA.../\ o‘(X"‘/\oU(4 + .ot " cl)(/‘l\..‘l\alxn”‘

(G v o)

=2 MR fet) 20

Exersice AA4

g= x MAt | o 2ETsmb dOad$ _ m o dé
: = —— Sm$ dfadé
4T 200" G T
£ e o TS Y
&5“9 = ™ =i - ) = [l i _
. J siob oA = B =

[in v(dfhaﬂ( Space R, AB =0 woutd fnf(t( that £ {5 2xact and hence

J;Zg = js"o{A = 5 A =0 Since  §* has ne @cvtv\a(c\(y.

28t

Pact TC

ExcetSice 4

_ &SL\@* ’s;h[«\# C O

T [-swkd wskg 0 o | € SO(3,4)
o o 4 o
c o 0 A

Goce o _ : |
geanse 3 (v, (w) =~ (Coslhg v* - sinld vl)(asw W - sinhg w“) + (cosw Th Stk V")(C“S“f""l'*';"‘i"3
A A /

Ll

* Sy { g2 R
T Gshg vt - sihd Vit kel e s € vt Bty

. B
W+ Vi e VSRR L e

\\

= §(vw)
and - det (T) = cebg - [ T 5] 4 g [““‘* Ao | = el -sekt = 4
©c e o 0 A

Ama(oj _:ge( fle cther -fr(ﬁui{@(hd’l\cu.\\




Exce(Sice 2 ¢

Prltixe) = by by s
Trltoan®) o (-6 x .y, 2) |
Bub they € gz,

becanse  elet(P) =def (T)= -1 |

1) Geuse e céty S(TV\ TW) = j(v\w) .
Tl,.a\ F(oc‘xuck pPT (E\x‘y\&) (e ('ﬂ‘—x“—\(“—k) ¢ies fn 0‘(3(-4) auwd has dﬁj‘“’ﬂ”‘
So vt ties $o(3) . |

EXtetsice 3

SUMY 15 a mateix gloup
1) Closed undes nakeix mutki plicativin 1
Lt UV € SUW) . We hove Vix € €% and Since § (U, Uy ) = §(x0y) ¥xyed®
We b g uve (uvyY = §( vx ‘V” = g(xy) ™ WV e W),
Andk - det (WV) = dek(u) - dek (V) =4 = SU(w) 2 WV .
) Iave(ses
Smee  dekly =4 %0 oo ok We SUMY | dleie exisks an wnvecse VA € Sian).
3) \:iealtih( u
Lk Ue Sy = A U= U4 =

Ex<esite Y ¢

< fooduct and (nuese ace Shooth afs

Let A’(“.‘g\ and B = UD;&"\ be twe nakices | tew the 1iffL enbey of KR Fn“oiw{ <
Z Cirbr) WR S Seeeth a5 o funchion fen 20X 1% = 2

The a5z 15 Showin fo & Shecth &y fthe ix(‘uu‘k foteula us\v\3 the mlju\y}rt madrix

- The S(burs afe SU\BH(}M\\JFo-ﬂ(& i
GLIMRY i5 o Subhani{old Smce it i an open Sudsel  the rn-re«iwsjc of R\{e] under olef |
T He ctlec §eouys st e fle Hesten of cegulal valing .

Exce(swce S

Sen & Lo g §Hhe Tdentity conpoend §o it Gmnecled confonent Gataining the ideafly
¢ Closed  wndet \"\MC‘l’iniC‘\{'iOh 5 ,

Sqﬁm.ﬂ;‘ we Laye o fns\Hq _f(m-\ Hae ;okm-l'f(;‘( 4o 3 € 56 - MQ(’ H«ff {lm{'t\ 'f'o A Neiv &OQH\ é\{ MlAC{'fi’J@uj
each clenent 8y he g, . Tuis path Sacks o b ank tads of hg and Sinee e "“"\ff’g"‘j %
Covtmuus gyl Rt 4 = gle 30 V/L“SG §- .

- lavelse . .
et §"“3 e tle IR ('umc,’abk !wkicL\ (s Corntinuod St 5 is o Lik S(CVY‘ . Gondime ¢
e fee pall ko G 8 then we geb q palle fon bt oty be g7 whi TS G < 57ed

. '
PR o P s i maa §
=~ Z &8 = -«{7“\“%? . R >¢\«:p,!ﬂ.~:ﬂ { L SR

P {ve o rin
A SEVEE T we \i\_‘ﬂr ot 2 ¢ . SV GOow!



EXxicine 6

Fust R element of O(3) sV Hhe uagth of veebsrs and Hw angles @ediween bhetn,

Lk xe RY and g¢ 0(3) . Consides ke f»l’cme P Sfﬂ""‘A gy X aud 3()()" P
There A o veckots 4ok ace °<’1‘L‘°3°h“’z te Py call ity and R !

Smee Yo otthegonal fo x 5(y) mudd & otthogunal 4o g(x) . Likewise Y A3 = 501
b ethet words 54 s e‘(’\ib\osmmﬁ o the sane plane P c S0 tf wnst <$W‘*'Z _Q“H"u VG( RE
WY M g a e tadion agent the axis Sponned €y y \
Lecause ¢ conmsider 4 vectd 2

I‘V\ “,\{ (‘{&V\i Jfﬁ\wn,eo( @7 X and Y 5
(Ve ¢ G2} must fie ia LTS (.'—fcm& Sf'cmmo( é
\?\HO\/\ Afouind u'\'( \( C\X;S ould  Ceave N‘ i

(n the x—j(XI—(’(’qk< ool
tad @) Ges where F showtd | These b

Suee the  omgleS st ge frese

ok the Sane (“Siﬁﬁh Mk oot
Then ansdef o veckeg 2

Y ﬁ("\ e\v\ok \( L

Ut agoin  plesecvation of angley to shew
(qc’ry i~y the ceiim .

- ¥ gly\= Y then e caw Gohpose with & feflection +L\<\=u3L e fﬂf\wa P aud it fellotvr

£ bae abore flat e Gonposithn 15 a (skation

This anf{ek{S‘ the pesef Halt g 5 « eofakion (ess{é('.t( Combined with a Cedlechon

£ 3 ¢ jusk a e tadion (’(luwaL an angle 9) tHien We cain custruct a (MH« X (n 0(3)
Snela Haak () 0« okabion ENSIA ‘tg)
=> lc\e\’ﬁh{ Conpenek of 0(3) 15 So(3) .
The totradisns i, teflechons ate nelb jn e (dadity Lonponant  feensz  Hie dedecninant
funckbon € vkinens aud las ((kaj( {4,-4ﬁ
usihx fae fack that N(({@H-mr

. This slows flat 3 5 in e fe(e\ﬁ'h( Cohf’vwef\""_

L s divedes 0(5) info o C{;S‘goin" sugseds |
have A&%’Cﬂ(h\\v\'\ul' -4 and Hab |\F [,\ e 0(3) i & fotadion
'“f\f_v\ Si,\ ace in e Sane COMI\{C‘('Qt'( c°h€°hb\+ OJ} O(g‘) )

Moteovel qeftockons aten'k veally o suéﬁ(wr Snce ey 'ce nok closed  undes taktix nully r»(_{?.o\-Hw.
ExcerSice 3

Consider the veckor we RY Liba U= (4,0.0.0) . (| Aeso(za
Then  An = (o, , Bqy o\ O

) .
1% Q) 05 b Bk (ol of A .
Sincz (Au\/—\p\> = Uy = -4 . We have %

- Rt 2 2
At Ooa t Az, + a

o T

= 0,71 .

w =~ 1

Foo fT we bave a,,= -4 aud fo¢ Tl id\o\h"r(( o, = A

So Hueg 1S wo caw\—;mous faH\
fon At -4 $0(34) has ot Gast fio connecked c‘,h(.mqe,\.}s'

e \"J\u’ki*}z 1S qenelated 8y elenents such ag i *xceisice A
ety itk Hansdotnadioig goon S2(3) dindy eave e

tWe have kit (ouneched Con,fkw\aq*g c,(, SC( 3\“‘) Geoon SR

tokations aud Spacehine - cethechions

Suck '\"A'&* 0\:,, 7 A =>

The Gnnecked corpenent of

i
e UV\CL\C\M:}CCK_ :

ks lfe in 0(3) ¢ We have Spacchine -
]




Excecsice € \ o e vecse
Thete <xists cmﬂi( oine elerent with Hae va‘)eﬁ\es °’€ s ‘°l°‘*'ﬁ el R IMVE(IX
Lt,* /f(é g be c\v\o“a\ﬁj {GKQA\';’\'Y 2 4‘" 3 = j/(‘ ;j

Then

A‘~3=4~3 Gind\ 3.4';3.4 i‘t‘\fe7 A=4'
©fCa) = g (1eg) = ey g(s)

=£(q-1) = (9 1 (v)
- A= fl) = f(s-s")=f(3\-f(5")'jl pogeities of the tmvecse | So £(471) < £(9) !

} these are e ‘a\'oraﬂfﬂ of Hie I\fl?/\{"‘“f s LAl =4

i

= £(573) =205 2(5)

Exceisice § |

W) consishs of adf Aumbess thak preseive fhe 1nael (}{m{uc( on £ (v, W) = V-W
So e LUV WY = BV uw = R UW = Vb pllens Hhat T ul= 4
= UM ={uec : (Mll=473 = {e? ﬁélﬂ{ '

~ , ~ . . e ; ‘Vn @
U] =Se2) with Hae Setophism p(e!®) = _gig 6‘19
e (/\C\i/( f(e»-‘g)f(({é) = (COS(GT“’\ 5\»\(6"4')) = j(’e’:(e’\’é)) => _J? {5 hof—wnu(rl«f&r\‘
~sln(@4¢) s (e

\ Stnce LRIY elemeat fn Jo(d) is of fle jfvm Foim

PO (e e ) g bige (007) ank 440

The r«a(a (‘3‘ QV\+°

W VS one-4o-gne
Excecsice 40
§xH = L(gh) Je§ cheHf is o geonp with pduck (3h) (3h') = (45" hh') .

. C{oStc‘ becouly

§3 e § and hbieH (5o (gg' hb') € xH .
el (90) = A (30) = (400) (3.0) = (g A ) = (4 ) = (5 (404 = (50014
* iV\VE(S{ A :(4‘4‘ = [ oA l/\'/\"' = (o I -
(('::3 \‘\4 ) (‘.)1‘(3 AL‘ ) (9'4‘[,\‘4): (5\‘4\’ )
§'9 W) = (37w (5.0)
{ §ond H ae (e IS | s s gxH

—

= MWV tanfplds = MoV manteld ond the naps age Shoubh,

gxH s alelion & 5 and H are abelian e S)f(a;af,\\'%e(vfﬂﬂ—k caleulation |

Excetsice M

(rog)gh)(viv) = (s v s GV = (g5 v, 5015 v
= (£(3) .f'(g))-(f(l«) SIQIRUAA
=lres)() (s 05)(n) (vv)

Excecsice 42

b . P . LY =
szfm ?‘. V?\/ > [ &y T (e; @e” = $(er. e:\ ‘
Thi § Rap s Lrigine  Since 2 s {ixed and s dedined AR {fnca((y' (ni{f'{aiu* basis .

e we oo = ; TR % g8 . _— .
c we [\que {v(v(v‘\, %(v‘a; \vggs\: viys l{(c(‘e\\_\z viy'y TF(e;@bt’-;\“ Flveav')



Exceilice 43 ¢

A . - 0 P 5 (.
Wedl - defimeduess follows fom  ¢(3)v ® SV = viv pile; ® J"(ﬁ)c?j

{
Slhee (UC(\( ederent o'J'( Vev'

can &< w\\"q(uc(y expeessed as iy ;@ .

(£85I L8V = p(gh) v @ ' (3)vt = piarg()v @ g6 (v

=(1(3)® ') (1 ') (v o)
= (589909) (so5)0) (vav).

Exceilice 4Y |

V& {c] 15 ag InVat ot SUGSPG(‘Q of Vov'
Thea we can Ac{

Secanse (fef‘)(g)(l/,o) = (£(3)v . 0) € Veoles
| me g SuéCerncese\%.xHoh of f@¢ ‘hxﬁ!\nj Voo t s(3)v &0 , ent Hus s
3\/\3’( bl ofi'jinA( epeesatabioy, £
Av\ufoje {Lo( ‘f‘ )
EXR(Sice. AS

,fh(ﬁ(e ciCp)v = fh(di(ehb))v = 6In(9f'¢)v _ e'\"gé"“f

v o= fn<€-“9)fn(e"¢) V.

Excelsice. 46

The w&i’ Ng\(f o 5{(— a /{—A;n.m“bmo\( RfNJfA"Qh‘uv\ 0( U (1) 5 o (‘éfaﬂ?\h({ﬂ‘bﬂ\{(‘oh qu ¢}
n {e,“eaee{kg. Let {e"é lc(Déll’\i

6e anotler cepcesetativn of Uf) .
Then there  exists AR

f.Sc.nefelkiSh 45¢ ang n Feorm e't g +"MP g it 4“’—.{‘( are the Sane
Exceisice 4F ©

The {easer peduct ¢ @ Sm on €&C (5 qivea Sy

r iy <L .,) ~ . & e
(J’h@fm\(i‘e)(vgvl) = fn(e®)v s Fnle)ut = el g om0 _ e (NP gy

= Srm (20)(veyy
Excetsice 42

LQ‘I' A___(G\b

- ‘i) b a Complex matix | then

: . A= £ + &
(2 z)zx(’é_f)+{3(ig\+x(°; '-Ol)u(gj) = - iy

& = Fﬂx
Thete exists a W\Ig(w\ solubon = %(c\—kck) % = %(C—g) A= L~

fos ey makax A ( g = %(Hc) Y =_—’;(c~—d)
The mekeix iS hemiben, (‘A+:A)

i

cn(\{ \(

The mateix (s 4cace e 38 ¢=

W

s 24 9

-4 } LB S € R
Y L=0 <

fccanse ot d =0 implies xzp |




ExcerSice 1§ ¢

. 2
(527 = (25 - (2a) - 4
B (15 %) is o cyckic pecmutation of (12.3) +en
s (2 5) < (12
&, =(?3)(fg) = ( ‘) - 163
I VY A I
%% = (LAY = (2
030 ( )( ) (042
s = (2)(52) = (5 4

Exceisice 20

/ . ’ - A o) - [a~dd ~c-ib’
PSSRt SR Rl U Rl ) R A el ety
dﬁ{(A)_ & lb —O\C_",':(b = (&'(&)(ﬁflbcl)"(C—l‘b\)(\—c~|“I‘.) = &1—((ic()1—(—cl+(".b)z)

i 2
o tb +ct d

ta = (o cqbb)[amid —c-ib) (eaid) iV ¢ (ceible-it)  (atid)(-c-in)x (« tis)(anid)
AtA = = (
—¢ kb a-id C—t ;

i

|
Vann
A G
0(

c-tb At id (‘C%(b\(&";‘n“‘ (&';&)kc-;l»') g{_‘19)( C- l'a) —w()(@i‘l“()
= [t el edt © >
O altb tct? ¢ abic d eR )

S S S A s e

MotedVU  Since dek(A) = P4l ety g2 ¢ ded(Nwontd 4 4 | v A ¢ Su(a) .

ExcedSice. 24 ¢

Tol the S(:'m C veprsatation e wse Ha Spoce H, of po
of degeez @

fYV\OMiq{ :Fw«ch‘vnj‘ L‘Oh@g( neeas

‘H«t\{' s Cov\&h\w{’ :(»LW\Q‘(’IGV\S 1 #(x\v)zc

Mo 4ot any e SUR) | we haye (u () )(V) :@(3"’(/) = =2 U\o(j'\{ =£
= i o(3) =1 .

(5 4o dineasional and congits o} {

Excels\ce 22

Foi the S(\w\ 4 v:(cemj(é\JﬂBh Hq!v

l-\‘f\(f{"“‘)l’\ S L‘bhej{'"cg ws§
of degme one | tal g

{xl\{'g :F"'("'\ a €asis . =7 _((’(‘\()—Qx + bv = (& b\( f;)
SG.SU(Z)‘WQ have 33:33&=/ﬂ . So 3%:34'

U ( 4 » = ( "4V - & -4 _ R ) + .
N N.)M FE = a0 5% = s gty “(3(8))'v = (5¢))
= (’\411(31‘ =9 .

Foi



Excecsice. 23 ¢

fhe duel gl &y (£5(914) () = £05(57v) 15 a reqseatition | since

VO = £y - (V) = ) = 4

P (S0 = 1) = 105 = 4007505 ) = ( 575\ 501¢)(Y)
IR = 7))

AL the epresttationg Ui of SU(r) ace eguivalert o theic duals

Excelsice. 24

L’lk S = ((o; :1) 8e the ﬁq{(‘“x Cc\»\r\u{\v\j EA:“'\ C\a {’(o\(‘.(éﬁff l/lf,(?‘\;‘“\(\h MA’(’(FC&S .

AL O-( {'L\'ESQ ae o(. (—(«( .%7(‘\ T = TAG:‘ +_Tlaz + Tgﬁ‘g )
In e te Coommbe (ST =TS) | § s 1.

Cottuke  with the Poanli matcices f

- - b o
SC_A -(c{ C_) b:c
c,-$ = [¢ d bl & 0
A o b -_-.ﬁ) Sr:( ):‘Q-ﬂ\

0 «

EX(ZQ(SiCﬁ 28

(n the Spin-4 repcesentaticn Hy 5 3 direasivnad _(i(x(\” = ax*4 bxi( % c\(l

T - ) gy g, e
= V*ETS—AV (‘3_(_ S

(545 (v) .

Was exackty tie plopeity of £ 3U(2) > gL (3(R).
)e gL(Sl«i) IS o Suéjﬂmf 1 W Can ."M\{;{y U, Sh(2) = é’i—(?tc)-

Se MA(S)i = 3{;‘3"‘4 Wiﬂid'\
Swer  GL(3,1R

Excessice. 26

603, [0(3.0)  10(gh, . ; bl 5h
SV s 5(8) = 'O pegny pp) = 1000 OGS B o rghk) 1 ciolsm)  (Blshik)

£65) (W ¢(R) = eie(h‘?‘)j(s\g(hﬁ) _ e('e(u.k)e{@(smk) _f(jf«ft) =

o 6(nk) (605 hk)
Excessice 2% ¢ )

I{f the Geycle wWese nesseatiod L one ould make a cholse  such that QYS'I"):O Y3
Se We Wowld lave VS U«\A\\ = VS(L\\ VS(L“) -

Buk s lowtd i"“(3"3\( Ui (299 = nilq) Ulg) = Wi (-1\=4 \:‘Ag;“\i‘icv\jk“m\t fo
oLl ~ AL !




ExceiSice. 23 ¢

A © (o 4 o - 4 0\ o[ XetXe x-ix
R | R RO R O I ety

><4+ix7, Xo'xs

= det (x"ar\ = (xg—i—x;)(xo— x3) (% {xl\(x,‘-{xﬂ = X2~ x’g' - (x}+x’{) = - x"‘X/“ .

&= %
Excessice 28§

The peevions excesgice {m(:d(s thot det(T) = " T Ta of Hhe vector (T, T Tg)é {k‘t

t?MCﬁ o\e’((f(@T) = det( C\\Tfi”) = AC‘HS']-A&J((T)-M = det(T)
1t followe that ¢ PReSECVRS the Mivkonichi mettic . -
Hence F St(z,¢) — O(24) .

ExcetSice. 20 |

4 <‘1qu fhe fo{t.,\{'f-h/ to 4he ;Aeh‘(','+? oj; 0(3‘4)' whida consits (*‘R.q o{ connected (:fixhrc.wu\l“s

Gut tie one with the i&c,&i’*ﬁ( 1S $6.(311) | Aund €ecause St(2.¢) Gusits of only oue
Counecked Coh(”uﬂbn“’ and ¢ (S Conbmouns | jts (ange Ges n Sep (31) .
Excecgice 34

We Bl bave g =gbs) T (DT 9) = 9T5" = 51T

£ s exackly five-te-oue | gecause Sfpete  £05) = e(L) | then FlgL) = J’(:ﬂj(“)”‘=4 -
The only wWoy we can Lave Sgh™) =4 s i\.{ 31"-1 Grnuntes  wikh otk 2x2 LeSnitian
CompleX  aatrices | From excessice 24} £olows ok HNE o onty L\qrf,@\ i gk s A
Scelat muthiple of it dentity | The only Scatas muthiles of the idc.«{'\'%y Hat Cie
SL(2€) are 44 i S e nst kave = ig

Thas 7 S 4wo-tfo-gue .
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Exce(swte 33

[ Just the exponential sum and siace ﬁ,“%” £ 209'7 _I_I_Ii!',ff
¢ccause ([ Tlie & this sum converges. ke - .
Excessice. 34
Ficst note that nwX73, + Iy 4 2T, = (; ’2% _:Z = N

-al ¢ 0
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7!
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Exce(S\ce TS o
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i

£33 Lty
N J'?\TN f
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3!
S AeSsmE N 4 (4= ast)(NVen - 4)
T Cost g 4 st M+ (A-cosk) Ve N
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p /t 7 +"'S]X + ){', 1,(3\(‘{‘ o (/4{ {.t}\( + S}x ¢ ts]y}x\

Sf 3)(37 - St j\[}x + _

= Sty 3 )

W

—
[2N)
[
o
X
.
}




Excetsice T3

fe X
oo L. E _ k 2. 7 ;f(‘!’ it 3
stefe TR 2 7 (k& k-t TF _ - sttt T8
QXf((s*(:)T) ) fwo ( ! i ftzwzaj:o (‘)S ¢ T fg oo Lk Rt
-k N AP Pt = o 2y gkTh\ [ 27 pkTh
_ s' T [ £k T = skETk) th T
?Z(—’)(Tﬁ) (gra)(é fu.)

]

exp ( ST\“ Cxe (tT\ (

Fot o fixed T v oexplt T)= A+ ¢T + /1( t... 15 a fa(\iv\on(a( it | thus Smocth
1!
When £ =0

v then e see feom tHa powes SRijes abeve <xp “4T) ii’_c =4 .
Mo ceover ;:i.. : = = &k ot - = N4 -4
T D, Z GOt = T Z T ea [,

1]

TexpUT) | = T4 =

Exc C(.)\CQ 32

Let ¥ & a fo\J('n fn fL(n\C) with () = A | rix
Then  fog every telR we have det(XMN\* 0 | Lek yW)= exp ((T) foc T any conplex tn
Then ety 4o nexh excecsice  We fnd 4ok Ad(ex,o(rr\) = o H(TY 4 0 .
So the Lie algelca of §i(n, €) counsists of all nxn conplex madktices |

Sae .{;o( SL(“lIK\_

ExCeisice. 29 o

ek T & o o\io\ﬁmﬁi«’taéﬂz fakix =Y 1S 5 et D=S1T S (S o\lﬁt\janp\( .

7 detlexp() = ded (p(s05™)) = o\tk(i*SDS : (_3"3——1 ~)
T deb (A +SpLTy SO,y . ok
e 087+ S0 ),M(HS%5>

= det (S exp (D) S") = det (exF(D'))
= det (eﬂ“""-a A,\) = ﬁ P_d'. % C_%dl" = @h(o) = ch(T)

=0
Swnce +((D)' ‘(’f(S TS) = -l>(

Since the diagonal in the Space of all makcices _ We can teach evesy
nekOIX s o Sag‘u\g\cg a( M Snnmf.::tc\é({ ones . So tus tesugl is vatid fot quedy hatfix T,

(et (4 = exp(4T) with Te 1 nxn deaceless el {Gonplx m{ticu} ;

Then dek (gl = MG Lt e i = XK@ € S((n /)
ond SL(n €) Gonsit of

(87s7T) = 4 (1) .
6l makiices ate dease

:‘;\ L\Q \ (6 Q [N ni

S the (e Cqekras £ SL(V\JK\ all  {caceless matrites
Exce(s\ce Lo

LeX ¥\ & o pathin So(p.g) => JCE@ Vv xH\W) = g (v w)

=> 0‘( K (.'\’\V X({'\ W\ + (A(Y”{\V \("H\\ \l\ = D ‘——2 . »’VQQTV.'\Ni z - Ny Ti,m‘p -



Thus  these  talcer have +o 55\+(g£7 T.‘S =7 5L The dimeasion of al
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| e A = [eshé -swbhé 0 o .
et () (,;cmw csbd o o) € o padlin So(z4)
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(&) © © a4
Then t - C -1 o O
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Excelsice 44

The Lie alge8ca of U(n) conabs ot ad{ Sﬂuw'ﬂo\jm‘v\% Corplex nxn mokeiceS | eaust
%o( evely ‘mkl« ¥ (D in Uln) L H«u( have 4o sc\-i(is;(a( <h'(ﬂvx \,(H‘W‘) = <V‘w>
= Y0\ v wd + vy oiw) =0

> 57 Tov =7,
¢ gT;ng”; ‘§'V;Tik”k

(l
A\
&

T = -
Foo W we qeb Masedore 1w = {red v 22-%] = {ix s xer]
Tot the (i C\Cje,éfc\ of SW(n) (e jusk tahe ol elnats of Wn) with dekerminant 4
We have Sten Hlok exe (¢T) e Wwm % T 0 shew ~adsinl anpled mekax .

MoresvRl el (QX(’ GT)} 4 ‘( fe(T) = L $ Gii(a) = t‘}c‘?‘(e?esx Shew - adjoint Cohr{ﬁ)( Aaxn hd’i

Excecsice 42

VYO =4 = 0= Sy ™) = Y + v At
= d _-L, s d
W0 - -2 x> Ay U\I glfﬁ)lt:o

Exceisice {3 i

xeual, = 2w, 10 + X6 S|, = Sw|

‘ ji'"’ﬂ*‘ oo
So the cﬂ«dm\\m( oj( . 5 5">5 ak  (4.4)

€§%5 is tie addibon wp 3O g — q
ExCesie yy ¢

(‘é{ (ﬂ!w “-‘%\:’z«”ﬁ‘t—';> 53 X%a)“l'f")
A [viwd = vw-wv = —fwv-vi) = Jww]

7) [u\oaw(;w\ = W(«Kv 4‘§w) - (oaw(w]v\ = oL WV ¢ @uw - Avu-”fwu = K[l + 5 [u(w]‘




3) ['o\\[v‘Wﬂ *Lv (wwd) r Dw, [“\Vﬂ

= (vin WY = (pw-wr)u V(W) - (Wik- uW)V o+ w{uv -vu) = (uv -vulw .

-

- VB - 0V i
= UV - U - VWK 4 WK & VTR - Vi - WRY Y WWT R WY - WV - w4
= 0.

Exceisice YS

We have Shown #iat Hae Lie elyebra  w(n) 0{ U(n)

Consiots of a€g sﬁew—o‘d\("(,[‘n} Coi’"\iD'e()(
XN - podeiceg

and  that 5ii(n) Consists of ol +eaceless skew-a
FoO SUD) | we have goon Hund it

X fhe e m%cgfc\ o

dyent C:-hf‘e@( Nnxn - mattieyp 0
(< (\Scno((&u\t to Hae §~Sf‘acm_ g3
@ €e  2-dimensional .

Now I:—f64= C ~i . 3‘:—-{(.“1'; © -4 Ks’l‘d‘g‘—' -1 O
-i © 4 @ ‘

| So the 4*‘\"34:,\-1' Spate

6

R thtee  ¢neac indef)eno(en(' toace less Sftei»/«o\cjufn{- cme&x 2x2 - Maftices | So (-L.ey &wed o Eass
Foc 5u(?) .
The Cinear hap £ 5“(7—\""50(2) 3(vay\ 8y —écj - ‘TJ i§ o le C\CSQ&G\ |:§mmo\<(,\h}sm :
© We have Scen Haalk C. o= (gl s
R {(fi '. 6;()3-_\ «6.3&01 v Se [Gf‘"j] :2.5‘]&6& - -2i7,
N “ie’l- { "'EC'. :__i A N /\

[4(- . H#([q'aﬂ)_qﬂz‘fﬁkwﬁ):‘%“\‘m4("?@): Eigh T4 -

) )=y, 7. . :

-3) [ o 3]‘ t‘jf‘]_ts " /

© Since :( s ene-to-gne dnd Ge

th Ue (\(SQG(;\S ate S-OUP'\&;\S(W\(A(
Extessice 4(

£ s o c‘s.amcf)(a]sn i

Led 4 ge o diffeonetplnstn of M gag $eF(M) HONEN (&) = v(god) )
¢, [viwl(y) - [vamd(e%g) = viwiergy) - Wiv(¢-g)) ! v (buw
Céav 4u](g) = BV (S () - aiw( g,

T v(Wdrg)e)

= (v = [oev g,u] .

If vow ace twe Cefh - avaciant veckeg

e Blockel s afse fc!;’k-im\dw& i

(£)¢) - W4 (§)eq) .
V() = v (W (09) - dom (v ()
T (V97w g) - V{dab(g) - ¢) - w( v ($)e¢) .

.(}t(o\s then ‘b*("\“] = [chv\t#‘w] =lviw]l  and Se the

EXCessice YF

With 9(9) = g expltly) we have 50, * 3y, =0 = (L), = v

3
Exceesice 4R

Let w v, and Wam [a M) 8¢ makvices jn

Veckot %ic(é\x o j We can waike ch
= L= [,

g ond w v, w the CQ‘('QSEQ'V\()“V\& Ct(\'ivwc\(im\](
(81 = 5 exp(ey) | el) = 5o ixuw) X\ = g oxploiny)

A A 5
' "EC%JS\IV““& = [(LS‘)* Wiy (LS\*VA] - (LS)*[D‘A \v/\] = ([-3\3\ W,
- % ?C,c(s\lt,a =w T =S 7T tellwncd vecky peils .



ExceqSite. 4§ i

Since dt = (), ¢ T.§ > TH just arouets +o Puslnimj fotward {’G«“Je,\{" veelots | we

Con A\&SJ( WS Hac P(u{e,ﬁ\l 0;( the (}\Aslfx(e(watc\ \ (f")* [V(w] = [(S)*V N (f)¥w]
Thus AS IS o Lie oxeseé(& i/\oo«ono&‘.\lx\ﬁh .
Excesice SO
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Excecsice A

Do eS“ﬂ”‘k“? Hie Samne S{c(.'s ol in the ook 3

Wate g, = e,,X((-itc;/z) ¢ el (4 and find g5y &y {Vo‘("\"*h":j R(ENT 3+J3t

S b B R EE T LT TP AW
-dh © O -tu ! Wh o ‘l‘- o 4

T A -isin(te)e, + (s ()4 - 4)
= cos(f) 4 - {gwm(th) o
_ - Ha) -(st tl s ‘ 'S
7 % (M (. - d) o flsp)o, = [eSE -isnt) o 0\ [eas (4) Tin(i2)
-tsin{th) o (th) St cos(te) [\ A 0 || gty e (th)
o - (Cas (+h) is;hulz\) - (c—s(m\ —isi»«um) (iswm o (Hﬂ)

€ (sin(Ha)  caS(4[2) -lSA (R Ceos () Cos (Y isin(th)
6 A

= g
(4 c) ’

, f(ﬂﬂ" _ oS (tR) 'lSw\(’r(l\)( (‘)(cas(ilz) l‘;in((lz)) } (c.g(m\ -(sinu(ﬂ) (siv\(‘((z) - icos(fll\)
o =

]

-|$(v\ (H2) cas(H2) l‘Si"\(Hl) (u(f[z) ‘iS‘m(}h\ ("S(f(l\ fGS(’r(z) 'S;IV\(H‘(\

= 3\\/\‘\'0 4 L@S*(T '

LeS' () - \sw( He) = 2 Stn(42) a3 (4fa) vees () —sin )

o3 ({2) - (3inlth) (4 S\ s () (sinft) 2 [ e3() ~Tsmlt)) [ cos(t1r) 1S4
—\S\v\(Hz a5 (H2) C -1 TSt (Ha) Cos (+2) St (i ‘ -(Sih(’rh\ - 6=5(4)

"

( 2 s\a(4(z) tas s(t) Sin(42) - fC~Sz({'[z)) B ( St  -ices (+)
-$(9) o3 <

S8 (Ha) sS4

((63 (HZ\ = S\\v\‘mz) 2\ S ('HZ\ Gos (’Hl) — | Gos (f) iS(h({)
AR GIHL)  sWRtR) - cos? (12 -{sul) -ty (4)

) = costop - sink e

Ae ¢ , ‘
=2 509y = (o cost s(n&) which s & wlokion alouad Hae X -oxiy as desiced |

© -Sink Gost




Excersice $7

The spin-tfa cepresentation of SU(Z) ceecespands b fac fundarentad  tattix cepeesentadion |
L) (6514082 = (8], (1)) = 4
T (a2 =<, (8 =-4

AN =<l ) -0

QLRGN = (R )y = o

CCELAGDEY = () )y - o ook thoe x-axis ()
A =C@).(8) =0

EXCesSice S3

abou} Hee 2z-axis (d})

1)

ateut the y-axis (o)

" H(nR(E) consish of 0l traceless <eal (Gnplex nixn -medtices

Le AB e Bl (a R(c) cthen [AB] = AB-GA « gl(n\lk/i) bicaunse

e ( [Alﬂ) = te(n8) - h(gA\ = +<(A£\—H(A&Z'm =6 .
Ve ¢ ELU\JK“) You can find s AB Hat C ¢ a Aineal Cond (natiop of QX binchefs
I e - dinodonal case e (uuve sk SL(4r €)= {03

" 30(pg) endsts of all nxa ceal matrice; i, J(Tvaw) = —g (v, TW) .

let Age 50((’1‘() - {1([A,r§]v(w)= j(,A@v»sfkv(w)= j(ASV(W)”j{KAViW)

=> [A8T€ 5(p.s) T 3viBAW) - g (viasw) = - g, L8561 )

* Siln) Consisfs of all  teaceless S?b(,w'ao(jol‘k‘ (fohf(v)( Nen = madricer .

leA ARG e 5ufm) = [Ag].. = A. B,. -¢. = g. - = - X
=> [A(@}é 5“("‘) 8ecae IR alss

3u(1) = {3 .

tonce bosy .

Exce(sici S
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® (S closed [(xxy i (1‘7‘)3 = ([*xﬂ(["“‘/'l)‘: jey .
soh  gep g ‘/1“

£ g cad W ase j‘enfrfnp& CWE o ok every thhat Acg  A<lay] ad ek §=[x"y]
Se (A‘s\z ([X\‘{]\[x‘[\(‘]) = [()(-(‘p(\\((\((yl)} S g@[‘ i alse Sem;l;h‘?t{—
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! i i G — " : . M
I we define |/ = {\/e TM v T e u&% Vwhete g U, = 1 ace chatts o€ .

thew (VU\( eo‘\h* m TM (f\T(’/'\) €ies th lome  Set VJ_ Ceconde T ™ > M s Gi/\{_o
and S fog ety VETM=P‘§1T9M these 15 a -hxv«je,\& Jpace. TpM Sud, flad w1\ - pelly .

Tt ke Mok e g ace sl ST N o g Y= (ou (e (v
.Tmb\&i'\"mvdtv\mcj(;w\s ace ‘SmeH« e ise QS;L\C& \{—L‘QY Y C:,,\M;.ﬁ“hj 04 Snoedla Yo and %,,,

T gk T s el et e con define o g g Ve o et top ey igcing fe
Bt coclinales (Wi s Sneth) 2kl TR | s 1ok g S, -
Exc(Sice SG

VIiE=E | 4 pM->n

ate o Bundde m{QL\RSM S gl v = (fao‘(r .
ST s cacha giges Ep ek the 20 Eo -
So (T )oY = W (g, ) < ,
( A( P \ 4((") =) T\GY,‘%OT‘.
(o) (0N = ¢ (vqr) = ¢y

w

b [( thae ef*um“ov\ ;S .(u«,({'eftd then 4% N 1 SV

Excefsie $3 |
We com See  fhat ’\(Qo!(,,?ﬂ‘(ga 1§ Steohl  so Lk Ex 1o 62
Oc dmee e Tt Stele f Tebx = foq

t the {I‘:U Ee iwko E;(?\ (sce 0\60!/(\_

1< Stuoodl, 0 t?k has 4o €e {rmovdl,
Excessice Sy
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TopM' an Worepic . Sy i¢ snonhls and Gmeas b isan fhmqbish of the famgtgpaces .

Excetdice $3

The tndince d chagis Ny ! V,,: - " x "
(?Le‘.’ .

“ x . " |
SWQ ws & Cocod towvialigsation wilt R™ as standad

ExcesSice GO




ceqsne 64 \ | U -
E: :‘* AsA 16 of e ,\.0\“&0\)( fundle 8 R and Hae dewvialisahion is (meas 4ecause
The Stan U o
s &u)k e Pl.\)la:(o(wmcl .

Excessice 62 1 \
Loce&('.( the MSGIWLS S—‘“Q :\u)'( (onL (de STAR .

Excessice (%

ExcelSice G4 ¢

A schiow of the \'M\jvjt Sundde cssiihs 4o cach pu;n’t in the bese Space & Vector 1S
+m/\3{,\& space - Feom this we ottamn & vechos frefd feom Hae pointwise action of the J(Qm\}j/‘{ tectos
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Excersice. 65

The :ﬁ“& COM{H’I‘W\I af oltﬁvltv( Ev\ H\t {(X{ . Ths cﬂ\ﬂ ’{'Wb ace .\\mr(t’

(491510 = (v sep - R g = (#6)( Veige =)

Excessice 66 1

There 15 ope Scjmew\l~ where  fhe Mgiws &J((ef ¢ fwisked (S¢ we have (o, v) g (217 { -V) .
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= e Maiug ﬂd{ 15 wot 4111l .
ExcefSice €73
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It € cnd €' ace vechos Bundles oves M CHher exist o Gsead deivialization ¢ E[u = xR
) . n \ VEdG!
ond 4 Bl > W R define gy EeE|, 7 (Waw)x @™

Excersice 74 O E0E [wou = (Kal)x p"
x<e(Slice !

clenx

Exce(sice 37

) . . 1 v - - & ! sel(e
Evely Sechion of €®€-‘ Can B2 Mhli_ue(Y witkkea as (§ ES\(f\ - \5((?\ S (P\ Wisgte S'e r((;‘ -
M $=FZ st and gl o SV - T a6} sipesti

. . . ;‘s .
£ B(E' dot have o Eag(s e( Sechons g SPellions could & nek WA\%\A{ )
Exceisice ]

ID\S“' WUSe H,\(

foct Had £ (s @ veclos bundle and use theid chacds e

<! E = R" to Sd
®0t AE - AR v = (fuip |, etuan AT
whic ae¢  Chacks L0 AE (raking AE ik o ranfold) and Cocal f6ivintisadions o the Same hime
ExterSice Y

We fmew Hal AR® = é‘B /\({Rh

BN ol s\«om{'(a(o( S Hal A -

{ So L( (¥ Wi d/\c\('fi' We cCan fb\“ﬂ:\ck «H,‘is e(@Fe{*Y
® Ne.
t=9

Swce AE TR sechions of His ave jusk funchiong feom M 4 R .

NE =g - (- M Ao E = sechiont of E
Exceifice IS
Bith  Hae

debinkon (wa M = “('f'\’\/“(f ) o

Seckions of AE {ot an algeben (n a nekuial
(«kx\( ‘W‘A;CL\ St cqa See ;( e

f‘i'\(fécxck {o ¥ .
NE ot o $ubfface of AE
© Seckiows o AE ace ¢

L4

E“‘fi‘f““ e Vg
oC‘\ceY @i‘k\‘*( Suns of wcAjt ffbc{uc(-s e—{ Sac‘“bhf WJ:. ES Wai- 07 € ()

. = wa-Au; ¢ Ol
Excefsice ¢

T*M s e (vedko( Space) o A-golms

We cam Quitd  seckions et A'TM o b
of Sechions of T (A-fstns)

wike Sumg
of the fotm dx,a-.adx;, which g i fock {-docms |

A0 ASHD = S (A s = {h& M A A=A dX; | where  Sp(p) = og Ay, -




Ech(S;C(, ESs

(f pellaning we ety (povre <V with (p, 5,<F3F_<v)eu¢xv i

-4
- = = :
= 3%3%‘—4 en U&I\U\@ 3‘1(; j‘g‘(
I{ we bhave awy SRGUACRE Ly Ky and F’“"“ F"‘ with a7 fq omd £, = Fi 8o fhe
Seme Skask anmd e Pqiu\\' ( they hove fo ead fo the Sane ceSult !
- (- {
V ) 3‘{4'{1”- ‘3,[“-40(“ v 3§4€4~M 3F‘M-AF(\‘V :
b ]

% * b
ExcesSice 38 ¢ n n

Jeb Ep = Ip) | if peUy - Sulp t €p = LpixV s Gijechve )

Jo e Shouckuse °f the vechor Spate (omes from 4lis |'Jomorflf\"$t‘1, cnd e C“"“’“’”""‘f‘ 3&‘&"&“

Haat  euray H«;ns XS .{(ha_ Foc anch seb Uy | Hecte s o %;Ga(wisa Gineal Cocad tevializadion

dnd the coeqele condikion 30&1-«\\:{: thet jdendi fied fo;v\‘ls in € ote magped info Hae Same f'c\\v\“ 5

U xV L oo example $uLpvli = (pv) and (¢‘°°(>p.ﬂ)(‘f’f’[f\3‘ng1) =(p.v) .
— T T

ExcetSice 2§

:5‘(5 = (f‘(j"g,(\/)
9 l% it fg o(; the -fo(h [{3,‘\/]% () [F RO(S(X)V],( :{:\.,( Jotme x ¢ 5‘ .
= [(‘\V]OL = [f‘(jF‘(V]F '
Titiaty [, Rl FRSETE dsv g f Cpogpevde = L gga dgoav]

Cx ( We de-(‘\n( vi= §guV  and 0
Fo( wol Clj()() = 3 aLClj(k‘ { lv\] = (‘i ( W
ExcecSice gp f j"LF [P g C(:l g (xY) ]F i

Upls) s just o tetadion

T Ep i Ef ives n

It pe uinu§

and e kino W «H«\{’ H,\a\( F(‘:R(Vi e ivw\e( ?(\’c\\/\(,{”s%
(937 4 Y Wi1d + h Cuigid, Wiy 49 W) §
= Uy(y) (9,;9”““«1)4, R XE N Y Wa(g)

= Wlg) [ (904 2) 4 + Ad'di ¢ ]
i -

=0

|

= u'\(ﬁl# (S also a So(’h{’;oh {

Excusice 34

AL C (M)~ Rinenl Mafs T TE) - TE) Ca((ﬁs(l‘\w\c\ o Sechions ot End(E) .
Excetsice 22 1
Suppese fheT Qve (n % TWS  tmeans
.(\/\ ) fg\\/}-‘_ — [(\ \3)‘;\’\V]i Foc q

When |y = £

EE\V-SwL ii-\ [c\si\/]d\ :(0{ 3£ES and Sitylas %( L

':;\Aﬂ:sgn\es ¢ So it Gves \n 6
. We (/\G\VQ J(\(‘:V‘q"c& u;c{iv\,\ ¢ = 3

G T I3 M gz gt '
Tb\t\( afe ot} famge ‘(-(a\uS:gn(hu'\:wﬁ.AS ,

4



Exceesice B3

AV = 27 wn T, 18 well-defined

Excessice &Y ¢ .

. . « . T we ot a
If we cheose o ocal fawvialization | fus sete D° as follows . Feom the L J
€SS of Szchioins e -
< . . o O i\ L. - i ¢\ . ~J3 N - = "S“‘ ©.s
Dy(eg) =0 mples  Dys = Dy (sdef) = vistyey + ¢ Oy e; vis

J
Let's chech Hat °4 A s & Ganechion

A Dy (&) = p° (£8) + A(v) («5)
2.

« DysS + L AVs = « Dy (s)
Dy (5) 4 Dv({')

VNS 4 L OYS + {A(Ws = VEYS + 20y
D0 (5) 4 Alviw)s = Dvs + 0%s + ADNS + Alw)s = pys 4 Dws
TEOVO + LAMS = ppys

Is D-O an End(E\ -valied 1 - Form 2

i

Dy (ste) = ¥ (se4) 4 Alv) (st4)

3. Dy(#s) = Dy (£5) + A (¢5)
4o Dy (5) =
S

1

]

" Dev sy = D%u(5Y + A(gW)s

A, R iS Gwmeal jn v ¢ Slnce D ond D" ax |

Z- @} (S Cwmeal 1w S, Since Dv(-(f-"-)'

0L (43) = VAEKS + £ 0y 5 - vif)s “400s = £ (b, - 0% )s
We can (im\ Q& vectog P“teh““e A %( evet

A=A e;@e ®det

¥ Ssunecthon D ¢

with Alie; = (D-D%) (3¢, = (D-Dh e
~ = A e

Excetsice 85 le

D;/(S) = 3Dv(3‘45\ I\S & Connection (

T (=S) = 50y (§xs) = g Dy(g7s) = < DL ()

2. Dy (s+4) = 3O (7" (s+0)
$. Dy (45) = § Oviges)
4.

= 9 0u (57 £ g7) = gD (§7s) ¢ §0v (g7 = 0, ()4 D\ ()
T IR = gvinyg s v g2 Oy (gs) = v()s + £ D (5)
T 3DV ¢ §0u (5 = DY s+ o) ()

= 34 0u(g15) = ¢ 0\ (s)

D‘VHN(S\ = jbv+w(3_43‘
S. D\(V(S\ = SD:(;V(E\&‘S\

ExcefSice 26

When we wetke e 5~Cahuecj(:oh e D= D+ A , e 3&*

By(s) = 30, (57s) = JOU(Gs)+ AWM 415 = FVgT)s + 957Dy s + gAMgTs

\

VE§%gs « DYs 4 Vi g hAngs
D,s + v/"‘( 3}\#3_4 % j")rﬂ”)s
-

{l

: b
= A/“ 3 RYNUAH CJL.
s N " M . ¢ Y\ @« o\ SQ’)‘(X )" <
Fox 365 i 39/""3-4 £Wes 1 g 6ccause it ‘e‘\u\( feans S(S\€ Qf" S(S\ﬁ(x | an

AP s ‘ X i !5 ) i ) A% * Ny O [N 30\\;\ e k(( S [« ﬂ A + (1 ) A el\/ts in H .
l b\ 1 ~ v 5 A l}\ 2 (56 . ﬁ\ - o jl - /4




Excelsice 23 1

Av\\{ S- CQV\V\(C{'RW\ on E is SC\\A&{’ Q%u\h\lﬁ\efh* +9 et (h ‘{’th()'(&( 50\“3{ ( Ac = A(gt) = 0)~
I( we QFF{Y SN Jt(cmS*Dﬂ‘\o.J(i‘oh 3 to HA( VCCJ(N POJ(CV\*'Q‘&( W& 3€J(
1{ we wake = e T il He 3@\@(6\‘\0(3 T we ged
A= 3 (At %) g™ |
Snee the wvechoe ‘Me’\hc& Qves n ta Same Space as the Sev‘emh(.s . we con elliminale A,

6‘{ d/um.i\v\i Suda & lneal Gbivation T; of Sez\e@-\{o(s with 9, Ty = -A, -
= A, -

Exce(sice &R ¢

Fursk  WR have 4o fpnoww dhne kansfatmadion W& £t A — A . Since O e J AM 1

Dper = 9xi Ixd - Z’KF[ 3") 23 1 = X ox I e
r 4 Ix- Df“( :)K,se \) T D!"(Dx.s t Ix A‘A AT A/‘-\ ‘ W .
= A= X axd axd i N0 gk

o T e S

It we write D@m uwity = ﬁ_“m + A W) tn Coeat cocpdinakes | we Sd

c{ Ny Y 7L v . i 5 e
GV ALV = %5‘[ Svip+ A zs”vJ]
afRi a changr of ceotdinates (e of Geest triviatization ) . Tws Shows tlak the covatiouk denvabir

fmed n Has homwel i€ a e ¢ and Haing iv\c\efinc&e«’f of the clwice of Cocal Hivialization .

Aj&.\v\ 1
We fnow {hat the Covasinat deavative Shewtd & }W{W{'\k of coerlinates |
it showed kc\msﬁﬁ(t"\ QWL(, D,..\\ SE. = '32)'(;‘ /\;(l D,,‘S; I( we clhovse a d‘(’({(‘ﬁ«(' (ocal {rivlc\(\'b\HUh
X /
v = ax oAl o
(V"’ 3—)—(—'-»\/’“ ; 8 '/\;S‘).

Thus
S A ZEN AL s - Jpus 4 AL U
) %((_r (/\;((Si\ + /\}‘.\&\ /\i‘s
| ) ‘%(P’\“) ,QXW%«?J(A A s
T A T A SRR - 2 ()
Se

d i\v ¢ . \
ol FAE pat f( - ~ " "
*v (% A " )S v _ 1 /\‘ v‘(*\\"r A Agxﬁ A\k‘ ‘ )gfx /\k - 9)</‘ A 5 % /#Vﬁ

(AA ¢ AL R + Al A vk - (0, AR
= AL Gvie + ALy rvk]

Se the iector foh:n{l\u( A teansfottS  n exa {f\; L, e g 4& Wny to ensute  ndepradance o LT



Excetdie 39 ¢

= Z (e A Al A%“...At‘)v\

n=90 »
tatoy--ut, 20

Define \Tll = “S\AQ LTull en Endklv) owmd et K = Sup \ I‘\(k‘m\ “ .
B Wi =4 tefot

The wth 4eca in e Sugm above [l the wetm e
{ *;.4 “L:\’\'A

S 5 3 ALY ) — Al (D)) w ddy -, \\

© 0o [
ket

) NAREN Al w | -,

tnen

—
'
BN
-
5

I~
-

i~
ol——y" 0 C_—m 6o © Ly in

0 L o -
'

¢ O e

e

K™l ok, &k,

I
3 - 3 .
&

[}

S

t
I G U Uy

n-1

K™ mll €7 /it
So it het o cgnvecafnj M&&oiuvx\‘t o Haws Cevxvccjﬂ_l

We have shown 4l NG E 2_7 K" t" WAl [yt cmd swee e d‘_’)\"k Side 18 (’URGU\HC‘G({\SQ
N=0

1l

;s uwlf) . Moseoves \\\A(O\“Q“U\\\ = uley=un &causg v can'k 8e Smallec .
d . t ' 4 ‘74
aul) = - Algmm + AGyw) jA(x‘th\w At - Al H A EN A )\ w AL dt, 4+
e © bt T°
= - Alxw) [u - JAaanu dt, + § ] AGeD) Alera) w &k, di, - ]
= - Aly®Y wy .

Exce(sice §Q

W.c *\efe\ to show +Hal Hie helonomy ckteem\s cm('\( on the (.'d'f\ and nok the f"*‘““‘df;ic\h}W
TS wlh hold 1 Hae covesiomt derivakive s zec :v\v\t“{i«(\ea’\* of the pofan.

LoV’ Call the vecko( U (1) Hae veekst in the (ise( above o(t) and L\F(H Hhe vecddoc tn the (fécf
aboue F(H = (20 |

"

= D gl = Dy Ualgw) %ud(;u\\ £ ALFH) ug g

1}

sy is:((ﬂ' £+ A (£ <)) w4

£ [% Ui ls) + A (') U\,Lls\l S=¢ (0
£ D) Rals)
—

=0 ;
So we have shown Haak \( W, is Fo&:uatﬂ'kﬁ\“sem*ﬂ\ °‘(°“3 () it s alse F “ﬁu&k,hw\iﬁ(ko\ a(wj Fm

i

l




Thete 1§ G 2ven casiel Woy fo See s \AS‘V\j e ()CK“'\’NAUE‘\ €K(’c“f~'\“\°\( i
4
HOx®h D) = ulh) = p o 1% ARE

Chosse = ' = LR LEA) = 24 ACEE) = &b 20 AlLw)) = de Al=®)

. s t
=> H(F“’\‘D\ = p é—§)o\& AW - p ﬁ‘-\seks AR _ H(&(L\\D\ - 5=f(-\\

Excetsice 94

T+$

5
. é’ de A( (M‘U\\ 0 - i,u ALBW - _Eo\S A(L(sY)
= c

l'\((iok.i)\ = P e
T <
- § A A(p®) S ds A
= pe 3t Pe-

K¢ D) R(«\D)

cl’)—k

Ak (4 0) = {ak A(470)

P e’ = 4

So it it ceac Hat l—\(Ai,L\[)\-: H(4g DY H(£D) = K («.D)
H{«4p0D) = (4,0} H{4p.D) = H(%,D)

Exce(Sice 92 »

The helonomy dozmn't deptnd en Hae Cocend teivializakion | since bre covatiant defivotive dossn't |
Je W jusk Greafe e tae fﬂx'(l'\ n tue CU(&UU\‘\ ol Heivialiradions ¢ omd  Hae Cesufd will ge
i\'\fk(*’d’\é\@\k 0% the CL\G:(QS 1:>£ Cocal v, :

OGN = H (G 0') M §a (D)

" SURY MO0 305001 4 (6 (1) HUxa D) 3 (xateh)
= 300 KOG (DY R ¥ D) §( xata)
= 50} H(x. D) 3 (gt}

Excecsice 93

D s a g—co.,mgq{;v,v\ wWhen Lhe Compenants A/,,\ of the vadler ()e’ttv\»\ic\( dive in g, the
Lie 0&3&%‘{6\ 'D'.( S . T, cxccc,(c\(nj o the P“H« RV\*QJ’(«(‘ {‘“‘“’&o\ \ the \’\0(““0“’\\, 1S an

OQU'—\J(“( Jomaiaked 8y elements of 9 | S it must Blve In the Ui gLy g

Excessice 94

[vigwl = v(gw) - 2w (v) = VW + fvw - AWV = V()W 4 “—V'w]

Excetsice 95

-§ Ak A(yin

) 7 ) »
Wc use  H(y, D\ P e . Naw e f«‘L X consigds ef four f&ﬂs X4t t > LX"‘-t‘x‘:»uq
- H(K\D\ e -‘H*A/“ )“R" f‘“’\ *Sd‘Av \657, Ch e (X X-t)
T 1%,
= A- &A\A(w\\+ Leo(pat A(W\\) SS‘“ 1, A ALY
% ~— W oo
%‘“ Anlt, a\+SMA let) - H\ Auls-E )~ 5u A (0.E-1) 5 U\,.A,.%A.:(ANH AR\ (Aeo- (-0 A~ Ay (A, - (-6},
: i, Vil

. 24N ‘(2; yﬂx'\‘ AEL AR 3
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exexcise J6 %

Yo
We can chosse fhe lz\t;{\«thY Xs(H = (4-9) oty + S Y. (8) Q
&

Then wWe geb (D) = p o dHARE) _ o e‘g"“ Al +<{at (AQs 0 - Al ’
) d & '
s that JH(GD) = [ @t [ACso - ACran) H{xs.D) .

©
Twm hee it ghontd pollow that %H(Y;\D‘) =0 oad b H(Y,D) doesnt c{e(ww\ e the Pc&\f\ '
Mteover | we have Slown Haak H(x D)= 1- ¢°
I the coge f o {Ce\{ Conmecton

So and Yy,

Fuw Ooound o closed path .
, We have 7/'“ =0 . So we can devide the Cocf o o o@ﬁi’m«\( f“‘*s

ced gt R(GD) = Kl DY D) = H(8e.D) H{kei0) '~ 1
b follows H(x..D) = H(x..D).

Excecsice §73

£ Mg 4-&;\»\@\3;9"«( | we have ou{\( ene coevdinate ) Say X and one assecigted ¢coocdingle

vecket Zield Ix  which s o gasis TR vectoc Delds h oan spen seb W .

Thus @y = fN), and v = 3(Rx | So dhak F(vw) = £()5( T(H% %)= 0 . S F 1S

CKV\'HS\(NMQ*\'-:( .

Excecsvce 98 i

In execcise 72, we have Shown Had any Sechon of € ®E' canm 82 wWnhen , Mot necessanly unigie
as a focal (in;\-t St o-( Seckiony of the fotm s@<' | where Se M(E) and <'e eY) .

APy Hae for E @ ATTY and gt Hab any E-valued difietenticd ot can ge witte, o
S@W | wete S if o .Cec(;cn o{ € and W a al\‘(ﬂ{ﬁ‘ﬁnﬁme -fo(h on M

Exexcise §9 ¢

Befme Yhe wedye F(oc\uck €y the given forrunla | and Hhen Show flad dle feiufiinj e)cf-m&ri“oh I
FARTLS \v\&eetnian’( amd CP(M)-Lineas n each {ackue

Sest foom on E-unlued fostn o =§: b, $;&Wy = ?E Sik Si®wf‘x fov Ao Gases {53, fog

.= ﬁk \ = i 5
| 55 Tjsﬁ‘%-ﬁiw"
Oefine L ap - % bin S5 @ (wrap) o o
N ow cw\vj«: the edf:‘

and {510 (wpl . The Cages ave Telaked os

an @\\-;unﬂﬂ/ fi’)fh .

- é‘( L Cot ! e - | {
KAM = % Bja Tjsc@(fi:wm/\f.) = 57 Lm Tj Kf‘ S{@(wh/\/,«] = EZE <, gC@(wmA/«)

o ik :
Which 1S What we woutd have oitamed éy de{ir\ivj the f\‘oclmci in the ofher Gagis .
Thus  the f(‘”(\"‘ck s gase- sl

lefﬁ""’ttf\" and CHM) - Emear 8y Goustruction |

Exexcise 400

en the one hand W hewve defined  dyS (V) = DyS . On lhe othel hand  we have dgs = Dus & dx/*
in local ceetdinotes . To See tlaok jrb\ewi ace eg‘u(\,c&y\{ L evaluate 14 and ged

dys (W = Dus ® dxf(v) = vixM D,/"‘S = V(X" Dus = vf‘OI.AS = Dys .

So {(,\o] AR cgk\»\‘\'v-&(ﬁf\* :
Exetcige 404

See 93 amd 35 . Evzc‘ik\n\v\3 is Qneac , se ik is 605\S~iwr-\i¢m9\(hjr s




Exessice AT :

X [v2l] « [V, [20] + [2,0x]]
= x (v - [ya21x + ¥z xl- Loy « 2x ) - [xailz

= XY - X2V - YK 4 AKX + YK - YXT - 2XY 4 XTY + XY - 24K - X2 + X T
=0

Exetsice 403 o

(05 eNTY = V(M) = LA DY) = o« v(AD) - LADY(s) = « [DEAJ(S)

[0y (A Y18y = V(B (0) - (A+5)D, () = [o3 AT + [ 03§ 08)
(D0 (401 = V{4 Al) = £A0,) = v(pA) = £ [03 (W)
[0, AT(s) = (vaw) (ALY - AD L8y = [oXAT(sy + [DWAT(S)
(D3, AT(Y = (M) - ADey () = 2 [a7 Al

Exessice 40y

Each ev\{‘<~1 of (_D@D‘)V(s\s‘) = (Dvs DyS') 15 o conmechion | o the whole "rla'\nﬁ s 0‘1'\/'&0“’«5(}

a C@v\ntc:’t‘{ov\ .
Exelsice 405

(D&0), («s 8 ) = (0y(x5))8fs'+ «s & (Dy(s)) = =f (D& (s€F)

(peD"), ((sr)& (s'xt)) = (Dy (s+t))® (s'4t) 4 (s+6) & (Dy (s'48)) =
(DSD\)V(¥S®SS\) = (Dy (4<))® gs' + £ @(D}(gS‘n = {3 (D&Y, (s&5")
(D& DY)y (589

(D& D‘\(V (S5

1}

(DyawsS)®S' + S ®(0,us') = (D&Y, (ses') + (Do), (&)

]

(Dgvs)@ s + s & (0,,s') = ¢ (D&DY), (s8¢

Exetsice 406

Since End(E) = E®E™ | define the (onacchion oin EnA (E) ke n Ex. 408 cmd 103 ¢
(D& d*), (seA) (1) = [D,s ®AT(H + [seDATR
[ S —
Dys 8 AlY + s & [ v(aw) - AD,t]

i

=T

]

Dys & aAlt) + s& v(Al®) - s@A Dyt
= Dv(se)\“)) - Sé’)\ D\,t
= Dy (Tt) - T(0,¢)

Now define  (Dod'), (s8A) () = (0o TY(H) and get the wiched cesult
Exesice 403 »

W Cocak Cootdinakes we Com WO W= TIG"\)‘I gt the  End(E)- valuned F-—.(?oﬂ‘« and
M= S5 ®dxT 4ot dhe E-valied Zotm

Use Ex. Ac¢ (’k"\“\ AD ( S 8® C’\XI\Q = BM‘;: & AxM a AxT {

aweh ( T& Ld\! Als@& =T {5’\1 & ( s N M \‘ )



do (WApM) = 4o (LTredxT) Alszedn])
= 4o ( T (55)® (&xT n o\x’ﬂ

5 (Tr(50) A (&x¥ 4 dx?)

Di (T 0))® dxf A dxE p gt

= Lopm)sy + 13 (D/.,\Sr“@ AP A AT a4 dxT

]

(0pTr)Sy @ dx A dxTadxT 4 Tr (Ousg) ® dxF A dxT A dxT
= [uTredx ndxI | A s;04x7] + (TredxT]a () [ Dusy 6 dx A dx™ )

S Y R CO U Ap M
ExesSice 40% 1

do® = Ay ( 4 - AxPadxv) = % D\F.w ® Ax A A Ax A AXY
Dy Fy + D\E,, + D)\Tr}v]@ AxA A dxA A AxY
- A1 —_ ' A

B Ei_—[of\"}“v * D/“TFV)\*’ Dv:FApl@dX,\AM/‘A‘AXV .

Execsice 40§ :

Wi do 14 excm[:(’a(‘ify (M ene f'“‘“"

s Cﬂ“'\f‘fd(‘( C\V\0€03 fe Ex. 3¢ .
Consvde( Hae ‘.\c-&ln

) (6te 0, 0) , ot Ged , Ot e
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A ) L)
Z L0 +AL D +A, ] @ dxa dxY
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