Ph 12b -- Quantum Physics
21 January 2010
The density operator

@'»\.C‘»-\.Tv\.m éomé ﬁ‘T)‘v\j

[({7"’; W?l/d\r a\v\.oI\Qv J 'f,) Wélme hma’/—;yj evu//,\71—u‘\—-\
s 1 71 m@q""”’el"’\@f\-r/ kel 1//1457;'4.7(:_( biov X:? 71—\4‘,\,7‘—:4.,\,\
pos’f"w[4.7?$ C& el T J'h”r-’vwf/v\j_ e Cloain~,

F-p""fr mg,/Qv o /)Aorn,.\ JCAW\ 5'/0/4%72\/, q ,oer/:‘q//"
T“F’cl—'ftd 5,/1/6\/(’9( v o bl /rf/(‘LfJ-

l;“ .Q/_% rrqn’le‘fcd a ﬁL\‘f‘;ﬁ LJI/( /9V0l{ﬁ.£./\z71} —7(:. 4"\.4,
ﬁqv\,s‘hﬁ/ﬁ 17‘_ :-./l)f\ /:Vasﬂsd.z(:? /71;

we can o{e:cn{sc Lhow €  {§€am ,rfﬂ.'?'“ﬁv acls o a

sin gl u-\.(,u(mar pLI,Tm—\ m.hmj aq mnlnl'; 2 x2
W\Qg\x. 75 pl\ofm Cam enter 7o fean sph?Ter
Vi g Qlﬁ(\ﬁ ow. € /Z 7:)& tV\pr :beT} 2
md ’—)/ t-J’Mc/e\ Je /466/( m 1 and o L
+ 7L.eve ave has i MuT‘ﬂ.d//7 ayﬁ'\ojo»\V(
m L T s7Ta7es
thp @ sla P
limn 1) awd i 25

Fov eifi e aF fese ,,,\/;.,\7’ yfqﬁ!/ Ale pl\oz,’\,\ LS rc//(?cﬁ’/

w1 A /7vo6a¢{~(1777 ’L-,_ ; EnT  Ale feamm ;//17“/'(1/
prestvves e svTAo;mJtG of e s7Tes DQV\OT'L‘V\j

To"“rj ﬂ;e f"v-b ,oo.rh{/e .f7217?’$ leﬁ"\ﬁ 74:6
/—) o~—~7‘-2 6@6\14,\ r,oE.?"T_(*V‘ lonT j) anAd /ou\.f 2.>

e Lave /1 j> — f—t (low?‘ f> + [lont L>)

[in 27 — [’—i("/OMT-{>’I' /o.,.‘l‘2,>)

q
Demf“mj CL/m 7>+ b [ i1a 'L> 5:—’ Colun n \/('LTa'\, (6) = l/,‘“‘
and C [ont ]>+ A /ow+2,> 67 (,4/,,‘,,,,‘.,\ V(’LTU’”L, (sc):‘/o(l',ﬂﬁ
sl veeTev Vot ¢S velaTed & Lo tn verlov

e Ay



A A |
—_— I -1
Vpr = Vv ot U= = () 3
A N [ l [ | N\
NoTe ot Ufcj= z<|| ( ) ( ):f
5¢| l/uva/(mr«é., 7{& Vows§ /ov~ c,/umu—\5> F U are m»\7:\o«(«/7
ov-TAojoM.wC novwmolired vc(,'?‘“ow!
exiT 1
pe 1y eV -’O‘;}T’Z—ﬁ——) ex. T2 L e cam bur /é( G IV\.TQ\"/GV‘()MQ?E‘P
4( ot 67_ Wélntmi 70 6641/\/\,
pm L —3 e J"ojzfﬁv‘j and Too waiVikorS
+ Mmivvoy as SL\O'\}W, o heve (0
- 6 Ca ;/:/tf‘fevs ch-’(‘\'lc e
" b\wnﬂ»’} Mq/(\“( U.

/QX.IT f? t ['/QX‘TZ»> 5'-1 Co/kw\l« VCLT\/‘

/Zefrc:twfw}
(5)”/«17,% have g+ = UVDM—’— 7]1/ Vi = O’ 1/,,\
L e Ay (l -l)(l ~1): (o ,,)
S Lo [ l 1 o /-
S )i 10— et 25

Thas [ haps
fim 29 = —| et 1D

Zf e mput prolon enlers Zhrongl porl 7,

we€ place pkvra\,\ dQﬁLﬁVS 7T Tle mepvwf}—, w €
JQELT A /457"0\4 q?” Qx:rpa\rf v w/?C proéafalgl@

f(l) = 0“’\0( 4.7‘— (Xi’f—por‘r 2_ ‘-\J'z proéqé%t@ __P/?’):-]

Nowv Iqu,')ua€ a éomé wnﬁ\ a \/6/‘7 S'?vxr:ﬁ\/C
Tri9sev-.  ZF a  smgle plala, s& Kes K

/\/@ éow\.é'J ﬁfi(’r/ 7Le pAoﬁv\ LS aé&org\’c/ oA
AR éomé QXP/DJZQS /



Bwt A éo'ﬂéJ Avre MT ,v(ﬁzfecf% mqua’f;@'ﬁmrt’z{ S Jome 7>7£
i are Aowds. TF o Gomb 15 a dul , a phoZn~
.S'f’V/KI.V\ 17—5 7’4"'7(7‘, Ly /Jevéé.f/g7 V‘([/(’Lﬁé{, 4.:4-\4
ﬁ-\e éowxg A oCs l/\,o'?— C)(/J/O(lﬁ,

We want & 7T Fie Sombs b denTihy ik ones are
Jood amd which nals are osndi  BaT how 2

We can direel a phaTom ol e Targtl and sfserve wheher
me  plolo founces bock Tal?s fne 1f Ke Gomb 15 a Adnd,
b 7" f Lo bomb 15 gerd e TesT desFoys #e bons.

Is Rt a way G c,ev-fu/l? 7227 o bowd 15 good e ZLonT
d(.f‘fvot)lvxﬁ ~17" ,7

, o el , crnsr e «/meAap,oq.—\S
: r,la'/;"rz e replec€ one 0 A%
M;vw&r own!l =

%-—’3"‘/.—.—) exiT2 mt'VV‘o\/S s oL /nTQV;C‘/‘OMQFY‘

» ot T w7l Ke bomb B de TesTed.
+n S —>
+ @ f[ Ae éow\é LS o JMZ) 17L
in 2 de haves '/'»\.sf 1 /e e
L Lo\ a rcp/o-cl’az.

Thons ’/ e n\—\ka )’7‘;72 L5

(in 1), Ko £ ¢ T 7¢
T The exait povT' ) S

/(.)(./7" Z'>,

Bw#‘ n)c 7Z\€ éowxé L S

govd T reslizes
i ﬁ\.c L{"\.flf

{ leonT _7>/ IOWT’Z») f ZF Ke /A.rrw
‘Co//ow_j Vo-—\.ﬁ en? 2 , /X4 yApTr-v-\ L s ag.ﬁ“’lé@ﬁ and K€

bovr b explodes. ZF Fae phslon Allows yon7c<
IJL\A7:'V\/ Iﬂr(@f 7):.@ édW\.é

a mlasuy (’M(‘WT

on? 7, no
avd ,7L' Ases wpT™ CxploAe

If Ke npuT sTale 15 jm 1) —> [;-L_(/M+z>+/%rz>))
Tt A {omé Cxp/o/es et T pyo,sa[,\/,']; L Z-/

L -

T Loes wmoT exploedid , K8 posT-mRasaremend s7ale ¢

i
[ o T f)"’> [’:___ / l¢<x: T 7?1‘ /(X/fl)



Thug /;v a é’/booe orn b , Keve ave 3 /96/51!/( onTcomes !

Bsmé C_x,o/sé(?Sl froéa.él/)fl7 = ‘—f_,,
protom defceled o7 ea? 1, profabhly = Yy,

PloTo delected ot oxi® 2, ‘pvm{qé«t/lz? = Yy

Since wlre, %R 6o b 15 o dad He pAoﬁ-\/\ 1 LlteTed
al” Qx;f 2. w:i\ ﬂroé = 7 , 1/‘ 7L.e ,{om! Loes nol
fo/oézﬁ and 75.¢ /ohoﬁv\ £ a((’?’f'cﬁc/ 41.7L ex 7 7
insTead | we are (e-Tamm fa? Ae lomb s acow/,
(AVE RN ’/’L\ohjl\ nop p'«orcrv\_ v ¢V Gmcoumﬁ\’(’d{ 705.€

Lown b !
of couvie , wili /or06 =3L, Ae 6»:««4 explodes | o
We arc suve 7T s so00 & 4T we a@?sﬂo?WZ 17 5;

7%57’114} ~:—/L~ @»\Z— LwX: /;vm,{"" ’/7 e nmranig 4 ¢ A c@ffb
me 6omé LS }pbé wzionr Qx{,; /oz[zv\.j ;7“ w,f[\ ,,y,,é c/&y

(/1c 7.e éow\é rs (jo:p@) we a(tﬁdf—ffﬁ ﬂAoﬁf\ al ex? 2.

Th § 0P\TODW\.( 'S /hcov\a/t—\rn/el anAd wWe can f‘(’/’?«’f 7&@

fesT) ﬂc’mj K §Gin K 7(7'-6( Wc/qm\/e V‘C’Yo‘/@T
ohaT makes e 7T work s 7’Zm’f’67 6/O'ZKMVZ e
phol A passing Zhrounahh  roule on?7 2, Je cam=
6o&sf 75@ ﬁroéaédzﬁ) /[ a{?ﬁcﬁm al Cx:f' 7, f"om

0O & 7.

T o Aom&NarK, OIow"Z{ §how 7‘:0.7‘_ 7CLQV‘€ t$ A nqovf
§o,oAz§776q,ﬁ/ v ev§$ina a/ 75\6 7(’:7_} ulm(,A 600{7}

7{\6 proéaéd;f'_? f] 12N C.aV\C,/vLYL\/Q OV\TC/ome 7‘—; Llearzz onQ



0

:fh@ /'/leolgu‘vc'w\.@v\T loroé/ew\

Now Fae® e have sTalod 7He /osfw/c.ﬁs o/.

?"\.‘\V\.TV\M mfcé\abu(.{J € MTC =4 Sftﬁ/(u«ai a@IOAbﬁM; :
TL&V? av e 7:‘)0 ghlff //F/.Cvey\T Wways g am Q/A,c,[\,
o g wan 7w ;7—&7? Ca o/m't«jff

@ Deﬁ""‘"""KﬁC Mmﬁr*) evolaTigp.
/3; ,50/1//»*\5 7(:{’ SOL\V‘J,%UASQV Cﬁb\q7—;m—-\/ “ e mﬂn7

Cnd e stale veclov al  Time 27 f we
Lnov K <sTale vebﬁ\/' a7l Time < :
(eSS = UIEit) ¥l

ThrS S rewxw\/-newf J) clacsict mcchanrgy , whe-e
a PRV FN frqjeo/;\u) passes 7):”1-\7[\ Cach pomT" ia ﬂ/m;e
‘g‘pv\.(_e. 5(,.,7- 77:|€\r€ 1S q pp o\,—TQw\_?L d(ichV‘C’v-\.CC/ Zo» —

[FL€)D 7e)€ s ol fo*mz?f,mj D€ Can d/VPLf——% mbasqre.
T s wasl an ofsevvatle 7 Ce KQM/?.

@ Pro éqédzsﬁc patasqvlmenT.

A Mea\fuyewxev\T pyo)cbﬁ ﬂe sﬁfe’ vcc7;v mb o€ ﬁ a
sel o muTunally wThosonosl snbspaces. Eal even

¥ we have a compleZe o{e.r(_rn('-ﬁﬂ«o? e stale vecloy

Vz‘;kT éeﬁw@ 7‘7& m?afkrewm?wf, ue CqV\L\OT Sa ow7Z\

(,Qv’foum7—'-) t—JAaT ’ﬁ{ WQQYHV@MGV\T onlcCrine w;ﬂ
be . ZiucTead,

E, (¥
I E 1D
o process called  ZreduwTions) K sZate vellov”

¥ —> wi pro&aéd:@ E_ = < # E/:\»\ ”D>)

/))ULT— c\/l\7 ;Aou/// 7;(1/9 ée f’*‘bl\, a &(16407:)—'/-4 ? waf
measartmenT a  physitod pvecers Life 4ny o Fer



and slonld we ﬂeve/ovc Je qé/e G :QQJ'CV/é@ }7L
et 7L, y 2K SLAWQ,Z'HjﬁY Civ\aﬂn\? Ts There ¢

way T melnde b0l measuvemen] and amﬁvg
evc/v\7-1cﬂ/~/ A - % np o€ bt"\lfl?éé ﬂﬁmewo\ft?

~ )
Thic puzarle 1s called He ~mRasuvemen? /aro{/(’w\/,,,\

g nanTum  mezlanics. 7heve 15 ol gel 4 broad.
Comsensns in  Favov ) any /so.v-77c14/4w sola?Ton &

y SRS }9)'06/?"'/\// bu - we cwr !/ 7;7 L andevslTand
Tr.e ,ﬂraé/@l’l’\ mq o€ a(qqlo/eu/.

VRS DQmSIMV‘

FivsT we !-Jt// 7\/"7 S hmé((vsTama{ Iovw(’ﬁw\ (Z/f?}
wha el may wil at Al seenn G € yvelaltd L Te
meqS!—\chewT proé/QW\/, ﬂwnsl, 17— 4.//./5( 7&1:-»1 0447"
’Z&xée, and  in any  case TS 1uﬁ\/‘(’§77hz in 17w
V‘l?Llj"

— Owr P"Jt/aﬁ.f appz? D a cloted PR (TN
. MaT does hol Tevacl et 7L 41477Z11mj
@ Q/lf ., Like The csbile awniveri€, Lt

N ,oracT‘zce we agaally ok o\/lﬁ

oyaferx :1797“01445’ s eball. Lo inTevac?

trunivevrse

wi A, Lar .f‘—w""ol«ww(ln:j!. Whayle There

may bea sTafe veulin 7ua? describes e s7ale ) a
cloged Sy st bory stonld e Lescride e sTale
of o subsqsler~ , whid. 15 g qu?"/) 7s closed

5Y ¢ Tennl

LZimagime , Fovr examr/?)

a  susTenm~n  wi A Two ‘
pqus ) labeled A anx /3, and a 049(/47‘(7-//4/148)

wbhoe s abhk T ofstrve ob\@? /D»\,V'Z‘— A tbal™ wal( sl ¢

see !



e el nee/ swe  »n o€ fosﬁ/qfe/,feﬂ)n‘j
ws  how 28 desiribe composiTe sqsTems,

@ Covv-\paflﬁ f!qfrf‘@w\! (:T_GnSoV—froa(»lc,f»—u/(’”)

zF 57;7"@”\, A s ALeser é ed é} MlleT space JVA
and sqsTeun S 47, W, 1berT space Nr , Ben A
covn p o 51 % Sﬁifew\. AB s described é'Z Lie

Tensw = protadt WilbeT space Mg = My @ M.

TF s By = Na and (1€, a=1,2,_, N4 J
(s a oN aci$ ;o\/‘ HA} aw»z,

IF o Mgz N and [ 1R, 670 20 My
(s am ON fasis for 74/@)

Thew  dim 5485 NalVg , and )’(/506//:'7, s ~’N4?

¢ =105,2,—, /\/g
1§ an  ON basis ;[;f }VLA@/ whert

((<eal® <E:N) (10 /57): Sab Se

/\/ouoj a 57—475 V?Lﬁv‘ 7[0\/‘ /4@ CAn ge exf;ahd(,gg
i~ This  7ensov pvodch §asss:

1Y 3 Y 1e>® LS, whave <HYYs S1%il A1

a, G.,L

BwT an oéser\/wé/e e /4()4.6 Can measure qc,/,;/
hoan f\//IVIO-’C/g'7 ma.»Z] o /oazf?l' /4/ — /7" cgn {C

Cxpresnc/ as q Tensov va(ncf dyaewaﬁf @"@fj
wheve (Leal® <P;))<7®j (1eg>® /ﬁ,>) = e l6 oD 5/,,‘ ‘



/\/afé 7{\@71/ w€ can C\q:reff
> = S /%.>®/£'> where 1% D= S Y e

The " alip 1D seves G ovemmd a 7ThaT

[9/2’,-7 s ol o novimol 12l I/Cc,fo\f, ReTlev
T e
b
Dehbrnj <§2: /%) = P, , we Leve .ZP,‘-'j

and we may wvnﬁ /%,‘7 = \/_/7,- /9&[>) Jhee
l(/*b‘> /_s_ a novmet 12ed chj—ov,' howev o, /V,)
o,w&( /(/J'> VL@QO( VLoT ée OfTAOj W\.ﬁ’é ;DV‘ (,‘7‘} -

Mo we Liave 1Y) - Z\/Z— /V[>éf7//‘{>,
and X« @XPCLTO‘.ZI/M 1/4/%6 ﬁ Al.ce 'S o{sem/qé/e

{ecrmies:

el GoTl¥y= L po <EITIHS .

We could have oblamed Te §ame cxpreffin. fo- he QX,Oeb?:fm
valu€ ita o A{IFI[NGV\-ZL ngmaﬁm. fl—\p,oo.re 7‘:%7—’{

w vt  a c//r:cég fﬁsﬁw\ V«aﬁ‘ew 7124:»\ paxr-T o{a\ /awﬁer‘

5‘1 fﬁ\/l/v. /41—\46 Su.fpofe Y/ %/LQ{S 6'7;76’ 440{ .{cew
chosen by comrudTng e randown nomben santazs,

o/ hee Ae {7—4./? /%L> /S pvepqwec[ L\/17E /9,,0,55,64,67;

N

over  folln Tae choice g sTale aned  Fae onTegmnl



of Alicets quanTam Meam‘z/emqv{?t’/ wonld oo e
S opy SEIEIED
b‘f R exp, ) & F LY i chocen
progqédﬁg /V,> ¥ cl\ox@u\

7hese 7Zwo 5,7‘:‘4770145 av® c/owxf/cﬁ/? /u%l!ﬁhi“lfl\aé/(’ as
Far

q ¢ Al.ce s cnc@dned / neve s
,S'L& CA N M‘Bx(? 751«7" Ca

vy MPCaluyem w7

764l Foe o Flevence.

Z. ef\feoz'”, Them , b Alie o{ggy\/eg Pq,,.’fﬁ a /4"'7@/‘
sqsTenv,  probafli]y enltrs . Tawo
e asuol /970156154,&:7?(, nalare
7he o7hLev S flal bho~ sT576

wayl . One way i
g tan 7w m?aﬂlr?menf

fclaves ar Zhowgl o T

. W& choferv 5‘7 fézmp—gtnj provh a 614('?“/16/?4 ffafg
vectovs,

Z'Z: 1S conrvamen] b express He Qk,o(',(j;s./[:’av\. value
d’Z ORZ . A szFCvev\T W"t‘7. /ZQCA.// L ?

ﬁ\e f(ra(,e n? g o)pqwqﬁ\/‘ 1EY %@[w\el( 57
{,,(;— = 2 <eq,/(;/eq>

<8

v LD

?/e,t).f 5§ a comf/ef? 0N dagig (andl ra?
TLe trace docs ol Adeped o~ € ({af}\f)- Thas,

we Mc,_(7 L‘)Vlfé [M.fll/\j (AMP}CEM.QS():

Y /’éﬂ/%) = 2 <%/€%><e¢/<§’/¢)
= A
5 e Bryrleys fr [T (5]
A A
And  Therehore (é’7 = Lp K%lelty = f,(gfﬂ) ,

2
wilier . 5,5, whelis calld The
Rr¢€ € 7 Pt > 4@/“',7:2_ apeyaf;v(ojeﬁgMA

/__9



(/ZC(A// 7hal f /%) (5 ] hovlﬂ—\o«g/l(’é( l/(’(]g\/, A
]g&‘><%} ¢ e prolcbﬁ\/\ e P)’o‘)‘(’bf{ onlo /%>)
The {ensﬁﬁ) o;o@wo\fo-\/ provm/@f a Cv—n/)/?/?/ P47S‘16&( a{?!cy;pfm

d) 7€ s7ale s] 5957w, A, aa 17T encodes #He pméaﬁ«/‘fc.{
qffljntaf’ ’CA- ol 014,7_00144Q_S 74)\» amo'z ,oo{f/é/e MQ%JHV‘@MQM#’

we  conld pcrﬁ;vw, o SYysTtm A.

7,.e ofemnfr} ofevz\,ﬁv L\ﬂ.f ﬂr(?@ oél//omg 50\.7’1mfow7‘;,n7"
pwayo@r‘ﬂ@.Sf

@ IT s Ne\fmzt‘w\ é\-’- ZPc'/%?(‘é{/: é\‘f"

Thevetove T has o spictel representalion

é\ = 2 [€ Aa <e¢/ wheve {/€ﬂ33 are ke inQv.ueLﬁr{J
B i asfscalid Qigenvalnes § S

@ 775 Gl?@‘\r\l/dl/lqef are€ nmmcqqﬂvf , becange

oz CCulplead=Epicel¥iy]” 30
@ 1t has aqunitT Trace:
fwé‘ ZP?WI%'><P[} 2 ‘2,:/9/'<V"/%/>: ?,o/:j

Hew e e (f./jé"\l/qlt—\,cf § A % j,’ %/\ij‘

IF ﬁn,e 4@14{:7‘1—.’ dyev‘aj;\/‘ /M-S )'/\Sfoue hnhon 2690 (’15(’1/;\/41/&:@/
~/T LS (_2: /%7<%/ /A ﬂVo)(‘(fﬁV onlo %qufg vc(,foﬂw‘

I TLhalT case we say K. 57?7; 1S pave  O7he wise

-_—
we fay e sTaTe s  mixed.
e



NoTe ﬂ\aﬂb cnseméle V(?c»/lidfz-m ﬂ a Mlkeé
aZQwS‘?j’ 1¢ not mnfuﬁm(’“ We camn eXpn.v\% 7Ze

J.Onmr §T4f; /1 /4@
1> = P 14> 01FD i Temg g o diffoent

bosis {/7,,‘73 for sastTem B jlace
LFe> = & /jh\><7/'l//'l‘>: & 19nY l//'l"
l/\ /’\
and V/q[ = <jh/[t.'> 15 & Wﬂﬁb’o‘t

nma ff/X

Thas
ly 5= % Joi 1L ® f{—%f/ﬁm>‘ gﬁ;/ce,o@ /9

whe € \/’77,\’ [(ZM> = ‘Z“l//’l" J?))—/‘7ﬁ>

ﬁ;? é(?m5;7‘—7 a)oeva‘,ﬁ-\/' CA4 4€ QX/.)\/‘(’L(C/ 617{\‘&/ as

A4S

zﬂ - czp‘ /54"><%1‘) ov 12\= E?’MIC(/«><C&\;

and can be velized cfer 6'04_ JQZQOTTV\D [ F0 LJI'7£
proéos.ag/u(z?'g,_ P. ov 5'-[ g(/('(/fwxj_ VAV, wi i

profobliTe 9. Aice can'l Tl e difftrence belacen

TLese V) CMSC’M—\{/@S LecansC 4574 Am/e e saunC
,,-(ev\StT;_ d)oe\f‘a%y/'

To b¢ cmcyc'lg, cons 1 dev e case 9 a 3%617")

QTZ\)D“/Q\/Q’Z :qsrew\ wi S o v Thoiovurel é‘bSl’S {//eo>, /(’,>f.
WhaT s Toe gouevel Fva for The desTy pomlpe



q o 7'45171_.? Z7 /¢« ‘L/C“'Mlﬁﬁ.k\ Z XL maknw

w,ﬁ\ Trace :/) and Car ﬂ?»"(’fov? ée Cxpr?:jeaéu

-+ F

AL L (/+f3 ‘E’ tEv wheve PP P v

2BV = 2 lprie, 1-£, sty ave vel

Bul we wmusT atso Adanand Thal Zo'\ has ageavalues 20.
RQC&//1A7 an?L’ﬁ& o'(QfQ/‘MlvmwTo?q_ XL Mermi7ram
malrix 15 He pvodubf ot[ /7} ﬁJD @176—-\\/4/»1(’!1 )t

1«\,02‘—6 7‘7«0/(—

wet p= bl (1455) (1-2) - (- 22) (24i8,)]

(1 - EL) where P = f,q'q«f;’f f;ﬂ

w«mg@v.f

—
~

<%=

fmce f:é\ = .7, lﬂ/\ ce‘p,p,ﬁ‘-Aqvc OV l«@ﬁﬁtvc @zﬁ(lvxl/q/hﬁ.(

[wl«uLL\ ol d lMﬂ/} ﬁ;CO} So T oenfuve 7£¢f

e Gl?(h—\l/‘i,/lnes tq (0 ave nohu\qcl‘{.ﬁv@/ 17L gnfBL@, 7‘%4/7"’
/7

det P 20 ev [£] =1 ;

TL\cvel\wc , #e ,oorfzé/? /—91@

!
/QM§1T7 mqﬂzces /‘0\’ a ih{)?l— ave i 7’..7 QVV‘Q{/W\J@\LQ
wn7f\ He Fo;n/z 4 a ani 7= radiys ({o/(/( L~ 7‘5\”(’?-46’“’1.
sp aLe, Pure sTales (fo\» e lan 22 has stenvq/qe.(

lavd O, he~ee 4c2l‘&a'\: O) vceapy Ae Zavw\a&wa_ 7 %
Gkt , /[;7/*-_7. we say fal #He 3-veelor E)
(s Hae 3a£17? ’,oo/qmubﬁm('. 7Le (e XL
oF ,oas'wé/? 7%617" o&nq;t’ a)o@roﬂ;\rs s called

The :6/00L\ S,aLle‘@ 0 [Q\/(’v\ ﬂoij}f (s f(’a.//z?
o bafe ),



A 7@4&/‘0’{ pauve {7:!.7? fo\" q %ﬁ,'T /(4,0 ﬁ;
o pl»l7§)( 6«6/'7 wvvelevan T overal( ,o/\aft’) can
\/>C @ xp VC’fSC&{ on

1900 @)= &M @ ey s €l 1oy

-l el/r )
v as a cotumn velor (Y00)o( € T /»«)

o
e s 3

and The ovrespanding dcns:T} opevalor g

-t'w/L e .

A é cos 49 N7 o U 6, )

¢ (o (c"”l m%)
x .l v og O ZOf cos by - Sinly)

cos @/’L C[QSM’L COSQ-,) l = o @/ ¢ M((
= -~
- . 2\ 610 (oS +inll 7-cos O
C'yflh @/,_wf e—b Sinm- @L " ( e )

P = s1n © cos lg

£,.7 smb sm L

O and U arc TLC polav and £y- cos B

AL 1 V\TL\_O-/ dvxj/CS N _?/ 0~

WINS Suvfact 4] fe Bl 60"4( e ¢sn covev Jhe

Thus F¢ 3n6/775 pb/qwzaﬁm (s

spLoe éj q//ow';'\j e 4 Vary in e ran§e O ¢ COJIJ)
ek U G varg i~ The range gé Lo.2m]

(/\/07? ﬂuﬂ-j- e LC o Ce InrCq8CS 517 Z?T') /y>——3 —-/ Sé>/

v . e, /V> CL\f\u\ij (é:Z an qu\rq[/ﬁAq{€ e-j) wlucL
does moT oL\m«ic 7Le OCC\«(:T-? of)oera.ﬁr Zﬂ’\)

/w']—z')ooa(w( Pa'lwﬂ oy he gspleve ave @
WLV\TVL&/z‘(7 ov‘mvjmwc p vt slTales,

Tl.ese ave The 7Two @17(‘\'\57—0&755 OFG\ ce~Tarn
[ evmi Thanm pevralsy

A 5 l/lg Vl('b."li, w keve 1;1;7 LS ¢ (/LV\.LT
() = ,
b () nit iy T g celor



NoTice 7hot fwr(.,\’)—o and

N
__77.[ hy N,y ’'n )(”‘3 v, -ina _ —V?L T -
(l/\ - \ ’ - — =
6‘ ) I/]!{‘l)’\L "l/\3 n,(‘(hl c—n3

A
I

o Thol The Cigenvalaes o) 6(5) ave 1.
FurlThtvymove,
e (A) g(J?) = 5 (R) {(f+ 5‘(.2’))
. LA T) PR
cnd e pUD)E IR E 5
Thus  7The

Duv € sTale f/m) /‘7‘”’?}5 Y|

tf T 4"74"“1"’\7? Y 6'/1/\) wi K @tqufaz/lqe +

7
0 S A — A
A d 6"11/3) 5‘(~m)-’- ‘] el tMP/ICS
That - 2

FeRV P -n) PLR)E(R) > —p(-h),
¢ <. ﬂ( pure 57"47/9 f/-'h) s ﬁle 0;7@/\5‘7"«%
g (S) Tk

C1L§ e valne -7 (Je 5qg_

= A < 7
fha-/(_ Z;\/ y\-)) andd Zﬂ /—~V’1ﬁ) arC ﬁ\e Y ” and ?dm-ov\ ,
sTales o«(ovxj‘ 7he xS l:\.). (fove limes woe
say Cprmmnp  and  “gpp-doon’  a /ol/\j R, s
lovov V] 4an !MPbV‘Tth @@iwm/@ 01£ 4 ‘f"‘é"f/" - 72»?
P 1A of 7he € /cTron. )

Fov o genevidt

qv\éz 7'/ cf@w?t—r cr)oCV‘O\ZJ—/L
fie  expetTalin. ¢ ’

valae /] (X)) s



< o”[m)\? 7r ffh)f/f‘

P-é/[) -F
A

=
T

)

-if
_ n 3 T+ = "" B
e (D ) [ET e

\)

(14? ,34-(H ~1V1L)(f,+/'fl)+l/l3l> *(V]({'"ht)(P ‘lfu,))

Vl,P, + "]\,PI* h}’/‘)

3y~ 1:17'1?.

@ STq{ES N The cnTacrov of TL.e

Blocl. fpl\f»”e
CE 1 be V‘Ca——(:l@aé 57 G Qnremé/@
o Tauv parve stales,
2*‘; (/(:\‘))> wlfi\ pro‘&g;/tf—/?

/’.)
]V(J/?)? wz?t\ pfoAQISA//)

7 1P
ThQ >

g 1S ¥ S

—

—

[+ (0-p) 17620 Y0
p PR e (2-ppn) s flpRe(te) )

= ~ =
The pslartalion 1S Pz pin +(lep)m

74(5 1§ A polnfav\. ﬁxe J&ouiA‘f' ./&V\Q (/()MP\CC{/HJ 726
mm’f-

(.c,

chﬁ\rj 1;1—7 and V::) Izﬁ we choose

7he Line G fe Fe Liamel  conmecling N and
= :

-, 7L C& (LS r(’a/l’&(’d 67 m/><m§ 7700

mva?—%a/e% ()/“Z,Z\OJ ov\_O{, puve sTaf/S‘ g\/v\) and
2 (-n).

@%7‘— 7Lere qre aﬁ:—p M'ilaj ways q VCa/(rze
!

25 q m:xﬁw’f /) ﬂihovf[mljonp’( 57—0«7,5/ Wk Carvn



m}x The STo\.ﬁS at 7Le e»«oc,oomﬁ o7£ O\vu? c,Llov-pé

=)
of The Rl sphoe Fal wnTains T ponT P

. —
The sTa.lE w 74 po/am'z.aﬁo-\—\ VCL/Z)-\/' _E 50)
”\
A — ‘)
f = éj, s sad G ée “maxu/na/(«ZZ mtxeaﬁ.

St can be vealized J7 an ensemd le 7

@ Qcpﬂ;/:’)fo\sccéje mm'fua/e% bv‘fl\”jo'l/\&-’é pare
fTﬂLﬁf"

STt n) y g (-4

7. 7This case ,olf chovds ﬂrav\ﬁL\ E?’—‘ 57 ey @
A iawm eTers . and w€  cave veal 126 T denr/777

u}oewqﬁv as o eusl mixTave i wszvlaa(/%
vvﬂojm&@ sTales 1n many dzfpewem%' way (. ACY

g Flse veol 12aT10nS ave pA751Qa»€—@7 eﬁmva/znf liny

Thot™ f2ey yield THC same  expeclalinn values
Fovr o&(L posSible wcasured 0§ sevuab S



